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 Strong CP Phase:
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FIG. 3: The Feynman diagram giving the leading-order contribution to the neutron eDM.

where p (p0) is the incoming (outgoing) momentum of the neutron, and q is the incoming momentum of the photon.
Anticipating that ✓ is small, we have performed a Taylor series in ✓ as well as taken the leading-order piece in q.
⇤ ⇠ 4⇡f⇡ is the UV cuto↵ of our theory of pions.

Let us now pretend that the neutron has an eDM in the Lagrangian,

L � dnFµ⌫n�µ⌫i�5n. (37)

This would correspond to a diagram with the matrix element

iM = 2dn✏⇤
µ
(q)u(p0)�µ⌫q⌫i�5u(p). (38)

Comparing this with Eq. 36, we see that

dn =
e✓gAc+µ

8⇡2f2
⇡

log
⇤2

m2
⇡

⇠ 3 ⇥ 1016 ✓ e cm. (39)

Finally, comparing dn to the bounds on the neutron eDM gives

✓ . 10�10 (40)

To show that these results are correct, we can perform an important check that the potential depends exclusively
on ✓ as defined in Eq. 30. To see that ✓ is the only physical quantity, we remind the reader of the QCD Lagrangian

L � muei✓uuuc + mde
i✓dddc +

✓g2
s

32⇡2
GG̃. (41)

Two anomalous symmetries constrain the theory :

u ! ei↵u, ✓u ! ✓u � ↵, ✓ ! ✓ + ↵ (42)

and

d ! ei↵d, ✓d ! ✓d � ↵, ✓ ! ✓ + ↵. (43)

These anomalous symmetries are simply a reflection of how you’re defining your quarks, so any physical quantity
is invariant under these anomalous symmetries. It is easy to see that the only invariant quantity is ✓ and thus any
physical answer can only depend on ✓.

Unfortunately, the Strong CP literature is often not clear about ✓ versus ✓. People (this author included) will
often be sloppy in their notation and simply write ✓ when they mean ✓. While I will try to be careful in this review,
the reader should be alert in general and use context to determine if the author means ✓ or just ✓.

IV. THE ✓ VACUA

In this section, we are motivated by two confusing puzzles whose solutions lie in what is known as the ✓ vacua.
The first is the following statement : If we start with the Lagrangian

L � �1

4
G2 +

✓g2
s

32⇡2
GG̃ (44)
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<latexit sha1_base64="Q/M6eyOHnJLfd7UdYuJjC+lm5n0="></latexit>

✓̄ = ✓ +Arg (DetM) < 10�10

<latexit sha1_base64="HG4XTRbrBnZpBEXv01xrHRejvnw="></latexit>
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Solution to Strong CP:

Dynamical solution to strong CP
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→ ω̄ =
a

fa

Other Motivations:  Dark matter candidate,  
                                      Hierarchy problem,  
                                      Matter-Antimatter asymmetry etc.
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Solution to Strong CP:

Dynamical solution to strong CP
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Other Motivations:  Dark matter candidate,  
                                      Hierarchy problem,  
                                      Matter-Antimatter asymmetry etc.
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Axions at the Fundamental Frontiers

Another Motivation: There are dedicated experiments! 

arXiv: 2412.09678
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Our Focus
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!QCD

EFT (ChiPT, HBChiPT)
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O(10→1)

Perturbative

arXiv: 2412.09678
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Axions/ALPs @ intensity frontier
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Dynamical Solution, Axion a(x):

<latexit sha1_base64="phv0U0nbdBC5p8rHJXY7SSgkXYc="></latexit>
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However generates

Matching with ChPT

<latexit sha1_base64="6bHluV8HB4WKSWLtmyvfxHNUn/s="></latexit>
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⇣
iD � M̂q

⌘
q � @µa

2fa
q̄�µ�5q + ....

<latexit sha1_base64="8EDbvL8HsmIPjo/XOj7SJ9WISuw="></latexit>

M̂q = ei
a
fa

�5Mqe
i a

fa
�5

<latexit sha1_base64="mJnT7haszpLJ1VuTuTYVPZn0B8E=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEtMeCF48V7Ae0oWy2k3bpZhN2J2oJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzPz2A2gjYnWPkwT8iA2VCAVnaKVeD+EJs8cRaJj2yxW36s5BV4mXkwrJ0eiXv3qDmKcRKOSSGdP13AT9jGkUXMK01EsNJIyP2RC6lioWgfGz+c1TemaVAQ1jbUshnau/JzIWGTOJAtsZMRyZZW8m/ud1UwxrfiZUkiIovlgUppJiTGcB0IHQwFFOLGFcC3sr5SOmGUcbU8mG4C2/vEpaF1XvqureXVbqtTyOIjkhp+SceOSa1MktaZAm4SQhz+SVvDmp8+K8Ox+L1oKTzxyTP3A+fwDE0JIh</latexit>

where

<latexit sha1_base64="FaR6rahfK9JlIqh0VkuxB34GAWs="></latexit>

q ! Exp

✓
iq

a

2fa
�5

◆
q

<latexit sha1_base64="GAfvXfVRJF8Ow11+p3pxJPzUZo4="></latexit>

L�PT � f2
⇡

8
Tr

⇥
Dµ⌃ Dµ⌃

†⇤+ f2
⇡

4
2B0Tr

h
⌃M̂q

†
+ h.c.

i
+ ...

<latexit sha1_base64="LdxhG6dpnmEaWyOT0UPJMaxY380="></latexit>

⌃ = Exp

"
i

p
2⇡a⌧a

f⇡

#



ChiPT and Axions

8

ChPT + Axions

<latexit sha1_base64="7N4tqhZT8MWyg16kYE65lhTrSYk="></latexit>

V⇡,a ! ma ⇠ m⇡f⇡
fa

, gaff ⇠ g⇡0ff ⇥ f⇡
fa

• Mass and mixing
<latexit sha1_base64="nDDzClT/AYekXbc9AuUhl4Prp7k=">AAAB/3icdVBNSwMxEM36WevXquDFS7AInkpS1K43wYtHFatCdynZNG1Ds9klmVVK7cG/4sWDIl79G978N2a1goo+GHi8N8PMvDhT0gIhb97E5NT0zGxprjy/sLi07K+snts0N1w0eKpScxkzK5TUogESlLjMjGBJrMRF3D8s/IsrYaxM9RkMMhElrKtlR3IGTmr56+Gp7PaAGZNe49BKHUJPAGv5FVIlhFBKcUFofY84sr8f1GiAaWE5VNAYxy3/NWynPE+EBq6YtU1KMoiGzIDkSozKYW5FxnifdUXTUc0SYaPhx/0jvOWUNu6kxpUG/KF+nxiyxNpBErvOhEHP/vYK8S+vmUMniIZSZzkIzT8XdXKFIcVFGLgtjeCgBo4wbqS7FfMeM4yDi6zsQvj6FP9PzmtVulslJzuVg2AcRwltoE20jSiqowN0hI5RA3F0g+7QA3r0br1778l7/myd8MYza+gHvJd3lryWdA==</latexit>

) sin ✓

<latexit sha1_base64="GAfvXfVRJF8Ow11+p3pxJPzUZo4="></latexit>

L�PT � f2
⇡

8
Tr

⇥
Dµ⌃ Dµ⌃

†⇤+ f2
⇡

4
2B0Tr

h
⌃M̂q

†
+ h.c.

i
+ ...

<latexit sha1_base64="LdxhG6dpnmEaWyOT0UPJMaxY380="></latexit>

⌃ = Exp

"
i

p
2⇡a⌧a

f⇡

#

<latexit sha1_base64="oXKuwiR3qFApPRkqCY0cmzCMGrQ=">AAACKnicbZDJSgNBEIZ73I1b1KOXxiB4CjMiKnhxOcSjilEhE0JNT03S2LPQXaOEYZ7Hi6/ixYMiXn0QOzHgWtDw8f9VVNcfZEoact1XZ2x8YnJqema2Mje/sLhUXV65NGmuBTZFqlJ9HYBBJRNskiSF15lGiAOFV8HN8cC/ukVtZJpcUD/DdgzdREZSAFmpUz30qYcE/n6D+3cyRJIqxKJR+pRyP9IgCiiLqAMlb3z5ls9lt0egdXrXqdbcujss/he8EdTYqE471Sc/TEUeY0JCgTEtz82oXYAmKRSWFT83mIG4gS62LCYQo2kXw1NLvmGVkEepti8hPlS/TxQQG9OPA9sZA/XMb28g/ue1cor22oVMspwwEZ+Lolxxm8MgNx5KjYJU3wIILe1fueiBDYhsuhUbgvf75L9wuVX3durbZ9u1g6NRHDNsja2zTeaxXXbATtgpazLB7tkje2YvzoPz5Lw6b5+tY85oZpX9KOf9A/XAqDw=</latexit>

✓ G eG ! a

fa
G eG )

Dynamical solution to strong CP

<latexit sha1_base64="ZazLEo1khDJ0ZRFTjACme3CDU3c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EtMeCF48VTFtoQ5lsN+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmKPNpIhLVDVEzwSXzDTeCdVPFMA4F64ST27nfeWRK80Q+mGnKghhHkkecorGSjxfRAAfVmlt3FyB/iVeQGhRoDaqf/WFCs5hJQwVq3fPc1AQ5KsOpYLNKP9MsRTrBEetZKjFmOsgXx87ImVWGJEqULWnIQv05kWOs9TQObWeMZqxXvbn4n9fLTNQIci7TzDBJl4uiTBCTkPnnZMgVo0ZMLUGquL2V0DEqpMbmU7EheKsv/yXty7p3XXfvr2rNRhFHGU7gFM7Bgxtowh20wAcKHJ7gBV4d6Tw7b877srXkFDPH8AvOxzdd2o5d</latexit>

a/fa

<latexit sha1_base64="JEJ98YZ0HlJOoDDRLnvBhXYg1g8=">AAACFHicbVC7SgQxFM34dn2tWtoEF0EQlhkRFSsfjYXFCq4KO8uQyd7RYJIZkzviMsxH2PgrNhaK2FrY+Tdm1y18HbiXwzn3ktwTZ1JY9P0Pb2h4ZHRsfGKyMjU9MztXnV84tWluODR5KlNzHjMLUmhookAJ55kBpmIJZ/HVQc8/uwFjRapPsJtBW7ELLRLBGTopqq6FCLdY7B01yh2qIhZquKZhYhgvVBRmgia9XhZJxMqoWvPrfh/0LwkGpEYGaETV97CT8lyBRi6Zta3Az7BdMIOCSygrYW4hY/yKXUDLUc0U2HbRP6qkK07p0CQ1rjTSvvp9o2DK2q6K3aRieGl/ez3xP6+VY7LdLoTOcgTNvx5Kckkxpb2EaEcY4Ci7jjBuhPsr5ZfMJYIux4oLIfh98l9yul4PNuubxxu13f1BHBNkiSyTVRKQLbJLDkmDNAknd+SBPJFn79579F6816/RIW+ws0h+wHv7BPFmnso=</latexit>

ALP : ma →= mωfω
fa



ChiPT and Axions

8

ChPT + Axions

<latexit sha1_base64="7N4tqhZT8MWyg16kYE65lhTrSYk="></latexit>

V⇡,a ! ma ⇠ m⇡f⇡
fa

, gaff ⇠ g⇡0ff ⇥ f⇡
fa

• Mass and mixing
<latexit sha1_base64="nDDzClT/AYekXbc9AuUhl4Prp7k=">AAAB/3icdVBNSwMxEM36WevXquDFS7AInkpS1K43wYtHFatCdynZNG1Ds9klmVVK7cG/4sWDIl79G978N2a1goo+GHi8N8PMvDhT0gIhb97E5NT0zGxprjy/sLi07K+snts0N1w0eKpScxkzK5TUogESlLjMjGBJrMRF3D8s/IsrYaxM9RkMMhElrKtlR3IGTmr56+Gp7PaAGZNe49BKHUJPAGv5FVIlhFBKcUFofY84sr8f1GiAaWE5VNAYxy3/NWynPE+EBq6YtU1KMoiGzIDkSozKYW5FxnifdUXTUc0SYaPhx/0jvOWUNu6kxpUG/KF+nxiyxNpBErvOhEHP/vYK8S+vmUMniIZSZzkIzT8XdXKFIcVFGLgtjeCgBo4wbqS7FfMeM4yDi6zsQvj6FP9PzmtVulslJzuVg2AcRwltoE20jSiqowN0hI5RA3F0g+7QA3r0br1778l7/myd8MYza+gHvJd3lryWdA==</latexit>

) sin ✓

<latexit sha1_base64="GAfvXfVRJF8Ow11+p3pxJPzUZo4="></latexit>

L�PT � f2
⇡

8
Tr

⇥
Dµ⌃ Dµ⌃

†⇤+ f2
⇡

4
2B0Tr

h
⌃M̂q

†
+ h.c.

i
+ ...

<latexit sha1_base64="LdxhG6dpnmEaWyOT0UPJMaxY380="></latexit>

⌃ = Exp

"
i

p
2⇡a⌧a

f⇡

#

<latexit sha1_base64="oXKuwiR3qFApPRkqCY0cmzCMGrQ=">AAACKnicbZDJSgNBEIZ73I1b1KOXxiB4CjMiKnhxOcSjilEhE0JNT03S2LPQXaOEYZ7Hi6/ixYMiXn0QOzHgWtDw8f9VVNcfZEoact1XZ2x8YnJqema2Mje/sLhUXV65NGmuBTZFqlJ9HYBBJRNskiSF15lGiAOFV8HN8cC/ukVtZJpcUD/DdgzdREZSAFmpUz30qYcE/n6D+3cyRJIqxKJR+pRyP9IgCiiLqAMlb3z5ls9lt0egdXrXqdbcujss/he8EdTYqE471Sc/TEUeY0JCgTEtz82oXYAmKRSWFT83mIG4gS62LCYQo2kXw1NLvmGVkEepti8hPlS/TxQQG9OPA9sZA/XMb28g/ue1cor22oVMspwwEZ+Lolxxm8MgNx5KjYJU3wIILe1fueiBDYhsuhUbgvf75L9wuVX3durbZ9u1g6NRHDNsja2zTeaxXXbATtgpazLB7tkje2YvzoPz5Lw6b5+tY85oZpX9KOf9A/XAqDw=</latexit>

✓ G eG ! a

fa
G eG )

Dynamical solution to strong CP

<latexit sha1_base64="ZazLEo1khDJ0ZRFTjACme3CDU3c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01EtMeCF48VTFtoQ5lsN+3SzSbsboQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genjU1kmmKPNpIhLVDVEzwSXzDTeCdVPFMA4F64ST27nfeWRK80Q+mGnKghhHkkecorGSjxfRAAfVmlt3FyB/iVeQGhRoDaqf/WFCs5hJQwVq3fPc1AQ5KsOpYLNKP9MsRTrBEetZKjFmOsgXx87ImVWGJEqULWnIQv05kWOs9TQObWeMZqxXvbn4n9fLTNQIci7TzDBJl4uiTBCTkPnnZMgVo0ZMLUGquL2V0DEqpMbmU7EheKsv/yXty7p3XXfvr2rNRhFHGU7gFM7Bgxtowh20wAcKHJ7gBV4d6Tw7b877srXkFDPH8AvOxzdd2o5d</latexit>

a/fa

<latexit sha1_base64="JEJ98YZ0HlJOoDDRLnvBhXYg1g8=">AAACFHicbVC7SgQxFM34dn2tWtoEF0EQlhkRFSsfjYXFCq4KO8uQyd7RYJIZkzviMsxH2PgrNhaK2FrY+Tdm1y18HbiXwzn3ktwTZ1JY9P0Pb2h4ZHRsfGKyMjU9MztXnV84tWluODR5KlNzHjMLUmhookAJ55kBpmIJZ/HVQc8/uwFjRapPsJtBW7ELLRLBGTopqq6FCLdY7B01yh2qIhZquKZhYhgvVBRmgia9XhZJxMqoWvPrfh/0LwkGpEYGaETV97CT8lyBRi6Zta3Az7BdMIOCSygrYW4hY/yKXUDLUc0U2HbRP6qkK07p0CQ1rjTSvvp9o2DK2q6K3aRieGl/ez3xP6+VY7LdLoTOcgTNvx5Kckkxpb2EaEcY4Ci7jjBuhPsr5ZfMJYIux4oLIfh98l9yul4PNuubxxu13f1BHBNkiSyTVRKQLbJLDkmDNAknd+SBPJFn79579F6816/RIW+ws0h+wHv7BPFmnso=</latexit>

ALP : ma →= mωfω
fa
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Altmannshofer, Gori, Robinson 1909.00005

<latexit sha1_base64="nDDzClT/AYekXbc9AuUhl4Prp7k=">AAAB/3icdVBNSwMxEM36WevXquDFS7AInkpS1K43wYtHFatCdynZNG1Ds9klmVVK7cG/4sWDIl79G978N2a1goo+GHi8N8PMvDhT0gIhb97E5NT0zGxprjy/sLi07K+snts0N1w0eKpScxkzK5TUogESlLjMjGBJrMRF3D8s/IsrYaxM9RkMMhElrKtlR3IGTmr56+Gp7PaAGZNe49BKHUJPAGv5FVIlhFBKcUFofY84sr8f1GiAaWE5VNAYxy3/NWynPE+EBq6YtU1KMoiGzIDkSozKYW5FxnifdUXTUc0SYaPhx/0jvOWUNu6kxpUG/KF+nxiyxNpBErvOhEHP/vYK8S+vmUMniIZSZzkIzT8XdXKFIcVFGLgtjeCgBo4wbqS7FfMeM4yDi6zsQvj6FP9PzmtVulslJzuVg2AcRwltoE20jSiqowN0hI5RA3F0g+7QA3r0br1778l7/myd8MYza+gHvJd3lryWdA==</latexit>

) sin ✓

PIENU Exp.
<latexit sha1_base64="huLbyshmCiZhMQbX+81kOKhJvOA=">AAACGHicbVDLSgMxFM34rPVVdekmWARBrDNS0aXoxmUFq0Izlkx6pw1mMkNyRyxDP8ONv+LGhSJu3fk3prULXwcCh3Pu5eacKFPSou9/eBOTU9Mzs6W58vzC4tJyZWX1wqa5EdAUqUrNVcQtKKmhiRIVXGUGeBIpuIxuTob+5S0YK1N9jv0MwoR3tYyl4OikdmWXIdxhcWwGTEGMLZbJ622GKQWmc2Zkt4chszKhgX9d7NQH7UrVr/kj0L8kGJMqGaPRrryzTiryBDQKxa1tBX6GYcENSqFgUGa5hYyLG96FlqOaJ2DDYhRsQDed0qFxatzTSEfq942CJ9b2k8hNJhx79rc3FP/zWjnGh2EhdZYjaPF1KM4VdcGHLdGONCBQ9R3hwkj3Vyp63HCBrsuyKyH4HfkvudirBfs1/6xePToc11Ei62SDbJGAHJAjckoapEkEuSeP5Jm8eA/ek/fqvX2NTnjjnTXyA977J7p1oB8=</latexit>

Br
⇥
⇡+ ! e⌫

⇤
⇠ 10�4

PIBETA Exp.
<latexit sha1_base64="OPLRpUssIlYOoDNGoh8JP/FLDQI=">AAACHnicbVDLSgMxFM34rPVVdekmWARBLDOi2KXoxmUFq0Izlkx6pw1mMkNyRyxDv8SNv+LGhSKCK/0b09qFrwOBwzn3cnNOlClp0fc/vInJqemZ2dJceX5hcWm5srJ6btPcCGiKVKXmMuIWlNTQRIkKLjMDPIkUXETXx0P/4gaMlak+w34GYcK7WsZScHRSu7LPEG6xODIDpiDGFsvk1TbDlA6JT4HpnBnZ7WHIrExo4F8VO/VBu1L1a/4I9C8JxqRKxmi0K2+sk4o8AY1CcWtbgZ9hWHCDUigYlFluIePimneh5ajmCdiwGMUb0E2ndGicGvc00pH6faPgibX9JHKTCcee/e0Nxf+8Vo5xPSykznIELb4OxbmiLv6wK9qRBgSqviNcGOn+SkWPGy7QNVp2JQS/I/8l57u1YL/mn+5VD+vjOkpknWyQLRKQA3JITkiDNIkgd+SBPJFn79579F6816/RCW+8s0Z+wHv/BOYJokI=</latexit>

Br
⇥
⇡+ ! ⇡0e⌫

⇤
⇠ 10�8

<latexit sha1_base64="m9H4U6JduXF6UccF4ZnO0X9B3fA=">AAACDnicbVDJSgNBEO1xjXGLevTSGALxEmZEMceAB70ZwSyQCaGnU5M06VnorpGEIV/gxV/x4kERr569+Td2loMmPih4vFdFVT0vlkKjbX9bK6tr6xubma3s9s7u3n7u4LCuo0RxqPFIRqrpMQ1ShFBDgRKasQIWeBIa3uBq4jceQGkRhfc4iqEdsF4ofMEZGqmTK7heNIRu6neYq0XgBgz7nEl6W3QRhpheQ318Ou7k8nbJnoIuE2dO8mSOaif35XYjngQQIpdM65Zjx9hOmULBJYyzbqIhZnzAetAyNGQB6HY6fWdMC0bpUj9SpkKkU/X3RMoCrUeBZzon5+pFbyL+57US9MvtVIRxghDy2SI/kRQjOsmGdoUCjnJkCONKmFsp7zPFOJoEsyYEZ/HlZVI/KzkXJfvuPF8pz+PIkGNyQorEIZekQm5IldQIJ4/kmbySN+vJerHerY9Z64o1nzkif2B9/gCBq5xZ</latexit>

fa ⇠ O(GeV)

<latexit sha1_base64="CmOui1/J5Kal+iJVnBemrfyF9E0=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxCV3VGFLssuHFZwV6gHYdMmrShSWZIMkIZ+gpufBU3LhRx686db2OmnYW2/hD4+c45nJw/SjjTxvO+nZXVtfWNzdJWeXtnd2/fPThs6zhVmLRwzGPVjZAmnEnSMsxw0k0UQSLipBONr/N654EozWJ5ZyYJCQQaSkYZRsai0K0OwwxROu1rJqD1/YTdezAHhgmiIQ0tOaMhCt2KV/NmgsvGL0wFFGqG7ld/EONUEGkwR1r3fC8xQYaUYZiTabmfapIgPEZD0rNWIrsuyGYXTeGpJQNIY2WfNHBGf09kSGg9EZHtFMiM9GIth//Veqmh9SBjMkkNkXi+iKYcmhjm8cABUwQbPrEGYcXsXyEeIYWwsSGWbQj+4snLpn1e8y9r3u1FpVEv4iiBY3ACqsAHV6ABbkATtAAGj+AZvII358l5cd6dj3nrilPMHIE/cj5/AEatnT8=</latexit>

gaff ⇠ g⇡0ff ⇥ f⇡/fa

Gori, Perez, Tobioka 2005.05170
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FIG. 3. Left: 95% CL exclusion regions from the PIENU fit residuals for the prompt (blue) and invisible (green) ALP regimes.
Also shown is the PIBETA exclusion from the ✓�� spectrum for prompt ALPs (purple). Right: Combined PIENU and PIBETA
exclusion regions for the models with ge↵a� ' sin# g⇡� (“pure mixing scenario”). In this case, the mean characteristic decay
length regions h��ic⌧ < 1 cm (dot-dashed red line and above) and h��ic⌧ > 1m (dot-dashed red line and below) approximately
delineate where the prompt and invisible regime exclusions apply, respectively. Also shown are exclusions from CHARM/Nu-
Cal, E137, E141 and LEP (grey), and projected reaches for SeaQuest (yellow line and below) [25], Belle II (green line and
below) [26], PrimEx (red line and above) and GlueX (orange line and above) [27].

right panel of Fig. 3 to the gray regions. (Roughly scal-
ing the pion interaction length with sin2 # . 10�3, the
ALP interaction length in matter is naively & 103 m, far
larger than the typical path length in beam dump exper-
iments, so that their constraints continue to apply in the
pure mixing scenario.) We see in Fig. 3 that the PIENU
data places powerful new constraints on ALPs in the pure
mixing scenario for ma & 25MeV.

These constraints will be complemented in the future
by proton fixed-target beam-dump experiments, such as
SeaQuest [25] searching for 3� signatures, or Belle II
monophoton searches [26]. In the right panel of Fig. 3, we
show the SeaQuest (yellow, 1020 protons on target) and
Belle II (green) reaches as representatives of experiments
capable of setting limits in the sin2 #–ma space in the
pure mixing scenario. Part of the sin2 #–ma space may
also be tested by NA62 running in beam-dump mode [39],
and FASER [40]. A slightly larger region of parameter
space could be probed by SHiP [41], as well as by PrimEx
and GlueX (region above the red and orange lines, respec-
tively) [27].

PIBETA DIPHOTON BOUND

The PIBETA experiment [13, 42] measures the rare
⇡
+

! (⇡0
! ��)e⌫ branching ratio from a sample of

stopped pions, by triggering on the prompt ⇡
0
! ��

decay in coincidence with a positron track. The main
detector elements relevant here are a near-spherical elec-
tromagnetic calorimeter, and cylindrical multi-wire pro-
portional tracking chambers surrounded by plastic scin-

tillator. A schematic of the experiment is shown on the
right in Fig. 1.
The photon showers are required to each have energy

E� > mµ/2, beyond the kinematic endpoint of stopped
µ ! e⌫⌫ background decays. The normalization of the
⇡
+
! ⇡

0
e⌫ rate is obtained via comparison with a large

prescaled sample of non-prompt single positron track
events, including both ⇡

+
! e⌫ and in-flight µ ! e⌫⌫

backgrounds. This entails a simultaneous fit of signal
and background kinematic and timing distributions.
Reconstruction of the diphoton pair includes measure-

ment of the diphoton opening angle in the lab frame. At
truth level, this angle is bounded via

� 1  cos ✓��  �1 + 2
⇥
(1� r

2)/(1 + r
2)
⇤2

. (11)

The maximum (minimum) cosine corresponds to dipho-
ton emission perpendicular (parallel) to the ⇡

+ direc-
tion of flight in the ⇡

0 rest frame, generating a sharp
kinematic edge (smooth kinematic endpoint) in the ✓��

spectrum. Because the upper bound increases as ma

decreases, the prompt diphoton decay of an ALP in
⇡
+

! (a ! ��)e⌫ with ma < m⇡ may produce dipho-
ton showers with truth-level opening angles beyond the
⇡
0 edge at ⇠ 176�. In Fig. 1 we show schematically the

maximum truth-level cos ✓�� configuration for a ⇡
0 com-

pared to a lighter ALP.
In practice, the finite detector-level angular resolution

smears out the reconstructed ✓�� distribution and thus
the ✓�� edge. For an angular smearing �✓�� ' 2.25� and
requiring both photons’ energy E� > 53MeV [42], we
show in Fig. 4 the expected ✓�� distributions for sev-
eral ma benchmarks, as well as for ⇡

0, compared to the
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Figure 11. Left panel: Present bounds on the parameter space of the GG̃ coupled-ALP benchmark, as
a function of the ALP mass, ma, and of its decay constant, Fa. Right panel: Present and future bounds
on the parameter space. In gray, we present the present bound (as shown in the left panel); in red and
purple we present the future bounds at KOTO (4“ proposed search), and at NA62 (fi+ +2“ signature),
respectively. The bands for the Kaon experiments (E949, NA62, KOTO) show the uncertainties from
the quark mass values. See the main text for the discussion.

5.2.2 KOTO sensitivity and comparison with other experiments

In Fig. 11, we show the current bounds (left panel) and future reach (right panel) on the
parameter space of this simplified model. We compare the bound from the KOTO experiment
to the bounds from other Kaon experiments, as well as other present and future accelerator
experiments. The discussion for the bounds and projections is almost parallel to Sec. 5.1.2 for
the SU(2)-coupled ALP simplified model. The most relevant di�erences arise for LEP, beam-
dump experiments, the GlueX experiment, and PIBETA experiment, which we comment in
the following.

• LEP
The GG̃ coupled ALP does not have a coupling to Z“ unlike the SU(2) coupled ALP.
Still LEP set a constraint on this benchmark model through the process e

+
e

≠
æ “

ú
æ

“a where the di-photon from the ALP decay is collimated and seen as a single photon.
In [89], the bound on the aF F̃ operator was derived from the OPAL inclusive 2“ search
[90]. We show this bound in dark green in the left panel of Fig. 11.

• Proton and electron beam dump experiments
In the proton beam dump experiments, the GG̃ coupled ALP can be produced through
the meson mixings and decay by the e�ective photon coupling. The bound was studied in
Ref. [91] using the CHARM result [92]. In our figure, we also include the bound from the
electron beam dump experiments, E141 and E137, where the induced photon coupling
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<latexit sha1_base64="ohtGmP/JOKjYP9EU54/s0TBxXiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/AW4zb</latexit><latexit sha1_base64="ohtGmP/JOKjYP9EU54/s0TBxXiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/AW4zb</latexit><latexit sha1_base64="ohtGmP/JOKjYP9EU54/s0TBxXiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/AW4zb</latexit><latexit sha1_base64="ohtGmP/JOKjYP9EU54/s0TBxXiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/Vat5VGPY+jCBdwCdfgQQ0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/AW4zb</latexit>

K
<latexit sha1_base64="S3XTo6D+zI4h+BaWZGylpmTrNDM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzVhzc+4TFKDki0XhakgJibzr8mQK2RGTC2hTHF7K2FjqigzNpuSDcFbfXmdtK+qnlv1mteVei2PowhncA6X4MEN1OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nwOMxQ==</latexit><latexit sha1_base64="S3XTo6D+zI4h+BaWZGylpmTrNDM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzVhzc+4TFKDki0XhakgJibzr8mQK2RGTC2hTHF7K2FjqigzNpuSDcFbfXmdtK+qnlv1mteVei2PowhncA6X4MEN1OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nwOMxQ==</latexit><latexit sha1_base64="S3XTo6D+zI4h+BaWZGylpmTrNDM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzVhzc+4TFKDki0XhakgJibzr8mQK2RGTC2hTHF7K2FjqigzNpuSDcFbfXmdtK+qnlv1mteVei2PowhncA6X4MEN1OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nwOMxQ==</latexit><latexit sha1_base64="S3XTo6D+zI4h+BaWZGylpmTrNDM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzVhzc+4TFKDki0XhakgJibzr8mQK2RGTC2hTHF7K2FjqigzNpuSDcFbfXmdtK+qnlv1mteVei2PowhncA6X4MEN1OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nwOMxQ==</latexit>

J/ 
<latexit sha1_base64="xAhYR6LK6X2OD60TgmUllDpa1l0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU90VwR4LXsRTBfsB7VKyabaNzSYhyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2Z++4lqw6R4sBNFwwQPBYsZwdZJrbuLnjKsX674VX8OtEqCnFQgR6Nf/uoNJEkTKizh2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMCJ9SE2fzaKTpzygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMb18KMCZVaKshiUZxyZCWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSeuyGvjV4P6qUq/lcRThBE7hHAK4hjrcQgOaQOARnuEV3jzpvXjv3seiteDlM8fwB97nDyS0js0=</latexit><latexit sha1_base64="xAhYR6LK6X2OD60TgmUllDpa1l0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU90VwR4LXsRTBfsB7VKyabaNzSYhyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2Z++4lqw6R4sBNFwwQPBYsZwdZJrbuLnjKsX674VX8OtEqCnFQgR6Nf/uoNJEkTKizh2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMCJ9SE2fzaKTpzygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMb18KMCZVaKshiUZxyZCWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSeuyGvjV4P6qUq/lcRThBE7hHAK4hjrcQgOaQOARnuEV3jzpvXjv3seiteDlM8fwB97nDyS0js0=</latexit><latexit sha1_base64="xAhYR6LK6X2OD60TgmUllDpa1l0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU90VwR4LXsRTBfsB7VKyabaNzSYhyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2Z++4lqw6R4sBNFwwQPBYsZwdZJrbuLnjKsX674VX8OtEqCnFQgR6Nf/uoNJEkTKizh2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMCJ9SE2fzaKTpzygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMb18KMCZVaKshiUZxyZCWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSeuyGvjV4P6qUq/lcRThBE7hHAK4hjrcQgOaQOARnuEV3jzpvXjv3seiteDlM8fwB97nDyS0js0=</latexit><latexit sha1_base64="xAhYR6LK6X2OD60TgmUllDpa1l0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU90VwR4LXsRTBfsB7VKyabaNzSYhyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2Z++4lqw6R4sBNFwwQPBYsZwdZJrbuLnjKsX674VX8OtEqCnFQgR6Nf/uoNJEkTKizh2Jhu4CsbZlhbRjidlnqpoQqTMR7SrqMCJ9SE2fzaKTpzygDFUrsSFs3V3xMZToyZJJHrTLAdmWVvJv7ndVMb18KMCZVaKshiUZxyZCWavY4GTFNi+cQRTDRztyIywhoT6wIquRCC5ZdXSeuyGvjV4P6qUq/lcRThBE7hHAK4hjrcQgOaQOARnuEV3jzpvXjv3seiteDlM8fwB97nDyS0js0=</latexit>

µ
<latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit>

µ
<latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit><latexit sha1_base64="Sy5WQBffqKfwNl4OptvZ6t4mThc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5idTJIhM7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlEhh0fe/vcLG5tb2TnG3tLd/cHhUPj5p2Tg1jDdZLGPTiajlUmjeRIGSdxLDqYokb0eT27nffuLGilg/4jThoaIjLYaCUXTSQ0+l/XLFr/oLkHUS5KQCORr98ldvELNUcY1MUmu7gZ9gmFGDgkk+K/VSyxPKJnTEu45qqrgNs8WpM3LhlAEZxsaVRrJQf09kVFk7VZHrVBTHdtWbi/953RSHtTATOkmRa7ZcNEwlwZjM/yYDYThDOXWEMiPcrYSNqaEMXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzZPei/fufSxbC14+cwp/4H3+AFpcjcw=</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

Belle Experiment

D. Aloni, Y. Soreq, M. Williams: 1811.03474

a ! (⌘⇡⇡ ,KK⇡ , 3⇡ ,��)
<latexit sha1_base64="etiaQunW+0eTfD3TRvi8rJgMSVk=">AAACI3icbVBLSwMxEM7WV62vqkcvwSJUkLKrgqKXohfBSwX7gG4p2XS2Dc0+SGaFUvpfvPhXvHhQihcP/hfTdg/aOsmQj++bYTKfF0uh0ba/rMzS8srqWnY9t7G5tb2T392r6ShRHKo8kpFqeEyDFCFUUaCERqyABZ6Eute/nej1J1BaROEjDmJoBawbCl9whoZq56+Yi5ErwceiC8jcWEzu9Qm9NyeFZ+nrxj0xTSW6PTxu5wt2yZ4GXQROCgokjUo7P3Y7EU8CCJFLpnXTsWNsDZlCwSWMcm6iIWa8z7rQNDBkAejWcLrjiB4ZpkP9SJkMkU7Z3x1DFmg9CDxTGTDs6XltQv6nNRP0L1tDEcYJQshng/xEUozoxDDaEQo4yoEBjCth/kp5jynG0diaMyY48ysvgtppybFLzsN5oXyT2pElB+SQFIlDLkiZ3JEKqRJOnskreScf1ov1Zo2tz1lpxkp79smfsL5/ACiIorc=</latexit><latexit sha1_base64="etiaQunW+0eTfD3TRvi8rJgMSVk=">AAACI3icbVBLSwMxEM7WV62vqkcvwSJUkLKrgqKXohfBSwX7gG4p2XS2Dc0+SGaFUvpfvPhXvHhQihcP/hfTdg/aOsmQj++bYTKfF0uh0ba/rMzS8srqWnY9t7G5tb2T392r6ShRHKo8kpFqeEyDFCFUUaCERqyABZ6Eute/nej1J1BaROEjDmJoBawbCl9whoZq56+Yi5ErwceiC8jcWEzu9Qm9NyeFZ+nrxj0xTSW6PTxu5wt2yZ4GXQROCgokjUo7P3Y7EU8CCJFLpnXTsWNsDZlCwSWMcm6iIWa8z7rQNDBkAejWcLrjiB4ZpkP9SJkMkU7Z3x1DFmg9CDxTGTDs6XltQv6nNRP0L1tDEcYJQshng/xEUozoxDDaEQo4yoEBjCth/kp5jynG0diaMyY48ysvgtppybFLzsN5oXyT2pElB+SQFIlDLkiZ3JEKqRJOnskreScf1ov1Zo2tz1lpxkp79smfsL5/ACiIorc=</latexit><latexit sha1_base64="etiaQunW+0eTfD3TRvi8rJgMSVk=">AAACI3icbVBLSwMxEM7WV62vqkcvwSJUkLKrgqKXohfBSwX7gG4p2XS2Dc0+SGaFUvpfvPhXvHhQihcP/hfTdg/aOsmQj++bYTKfF0uh0ba/rMzS8srqWnY9t7G5tb2T392r6ShRHKo8kpFqeEyDFCFUUaCERqyABZ6Eute/nej1J1BaROEjDmJoBawbCl9whoZq56+Yi5ErwceiC8jcWEzu9Qm9NyeFZ+nrxj0xTSW6PTxu5wt2yZ4GXQROCgokjUo7P3Y7EU8CCJFLpnXTsWNsDZlCwSWMcm6iIWa8z7rQNDBkAejWcLrjiB4ZpkP9SJkMkU7Z3x1DFmg9CDxTGTDs6XltQv6nNRP0L1tDEcYJQshng/xEUozoxDDaEQo4yoEBjCth/kp5jynG0diaMyY48ysvgtppybFLzsN5oXyT2pElB+SQFIlDLkiZ3JEKqRJOnskreScf1ov1Zo2tz1lpxkp79smfsL5/ACiIorc=</latexit><latexit sha1_base64="etiaQunW+0eTfD3TRvi8rJgMSVk=">AAACI3icbVBLSwMxEM7WV62vqkcvwSJUkLKrgqKXohfBSwX7gG4p2XS2Dc0+SGaFUvpfvPhXvHhQihcP/hfTdg/aOsmQj++bYTKfF0uh0ba/rMzS8srqWnY9t7G5tb2T392r6ShRHKo8kpFqeEyDFCFUUaCERqyABZ6Eute/nej1J1BaROEjDmJoBawbCl9whoZq56+Yi5ErwceiC8jcWEzu9Qm9NyeFZ+nrxj0xTSW6PTxu5wt2yZ4GXQROCgokjUo7P3Y7EU8CCJFLpnXTsWNsDZlCwSWMcm6iIWa8z7rQNDBkAejWcLrjiB4ZpkP9SJkMkU7Z3x1DFmg9CDxTGTDs6XltQv6nNRP0L1tDEcYJQshng/xEUozoxDDaEQo4yoEBjCth/kp5jynG0diaMyY48ysvgtppybFLzsN5oXyT2pElB+SQFIlDLkiZ3JEKqRJOnskreScf1ov1Zo2tz1lpxkp79smfsL5/ACiIorc=</latexit>

• Belle-2: 

<latexit sha1_base64="p1Fjbl/x+knugjO3+IwbYrXxRkc="></latexit>

Nsig = NBB| {z }
108

⇥BR (B ! Ka)| {z }
Our Calculation

⇥BR(a ! X)⇥ ✏e↵|{z}
Required

⇥ O(1)| {z }
Isospin Factors
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<latexit sha1_base64="TVyow5cEAhKQqYb7oRXoasjNd3I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZK/dK1f8qj8HWSVBTiqQo94rf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04mZ86JWdO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxTTjhKs0sKrZYFGeC2ITM/iZ9rpFZMXaEMs3drYQNqabMunRKLoRg+eVV0ryoBlfVy/vLSs3P4yjCCZzCOQRwDTW4gzo0gMEAnuEV3jzhvXjv3seiteDlM8fwB97nDzOOjbM=</latexit>mX

<latexit sha1_base64="JatG7KbPJUfPzMnl87+ent9A/Bc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp619Vas1apu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwByfmM4g==</latexit>g

Displaced

Prompt

Invisible
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Displaced

Prompt

Invisible



Prompt vs Displaced
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Calorimeter
Vertex Detector

Drift Chamber

Muon System

PXD

SVD

CDC

VXD

1.13m

14cm

z

r

Beam line

Recent Works at Belle: 1908.09719,  
1911.03176,  2108.10331 etc.

<latexit sha1_base64="TVyow5cEAhKQqYb7oRXoasjNd3I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeZK/dK1f8qj8HWSVBTiqQo94rf3X7CcskKssENaYT+KkNJ1RbzgROS93MYErZiA6w46iiEk04mZ86JWdO6ZM40a6UJXP198SESmPGMnKdktqhWfZm4n9eJ7PxTTjhKs0sKrZYFGeC2ITM/iZ9rpFZMXaEMs3drYQNqabMunRKLoRg+eVV0ryoBlfVy/vLSs3P4yjCCZzCOQRwDTW4gzo0gMEAnuEV3jzhvXjv3seiteDlM8fwB97nDzOOjbM=</latexit>mX

<latexit sha1_base64="JatG7KbPJUfPzMnl87+ent9A/Bc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp619Vas1apu3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwByfmM4g==</latexit>g

Displaced

Prompt

Invisible



MeV-GeV region - Minimal ALP
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Wikipedia

 MeV-GeV range, b->s transition is the relevant process!

•Our Starting Point:
<latexit sha1_base64="VKIN/0h003RRB46tROGzhVmZhmM="></latexit>

L = LSM +
1

2
(@µa)

2 � m2
a

2
a2 +

a

fa

↵s

8⇡
Ga

µ⌫G̃
µ⌫a

<latexit sha1_base64="swV0jQFllZV9bq+M7wNp/83zH4c="></latexit>

CW (MW )
@µa

fa
s̄L�

µ�5bL + h.c.

Matching Operator

•Need to know what else gets generated

SC et. Al. 2102.04474,  
SC, Bisht, Samanta  2412.09678

<latexit sha1_base64="Qw+1dBdc9UqVsXKCXDA01KrJ5xg=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelbgQ3FewD2qFk0jttaCYzJhmhlP6EGxeKuPV33Pk3pu0stPVA4HDOveSeEySCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn5rSdUmsfywYwT9CM6kDzkjBortWtdE5M7QnvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/M752SM6v0SRgr+6Qhc/X3xoRGWo+jwE5G1Az1sjcT//M6qQmv/QmXSWpQssVHYSqIDTkLT/pcITNibAllittbCRtSRZmxFRVsCd5y5FXSvCh7lXLl/rJUrWV15OEETuEcPLiCKtxCHRrAQMAzvMKb8+i8OO/Ox2I052Q7x/AHzucP7M2PQg==</latexit>

B → Ka



MeV-GeV region - Minimal ALP

14

Wikipedia

 MeV-GeV range, b->s transition is the relevant process!

•Our Starting Point:
<latexit sha1_base64="VKIN/0h003RRB46tROGzhVmZhmM="></latexit>

L = LSM +
1

2
(@µa)

2 � m2
a

2
a2 +

a

fa

↵s

8⇡
Ga

µ⌫G̃
µ⌫a

<latexit sha1_base64="swV0jQFllZV9bq+M7wNp/83zH4c="></latexit>

CW (MW )
@µa

fa
s̄L�

µ�5bL + h.c.

Matching Operator

•Need to know what else gets generateda
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

SC et. Al. 2102.04474,  
SC, Bisht, Samanta  2412.09678

<latexit sha1_base64="Qw+1dBdc9UqVsXKCXDA01KrJ5xg=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelbgQ3FewD2qFk0jttaCYzJhmhlP6EGxeKuPV33Pk3pu0stPVA4HDOveSeEySCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn5rSdUmsfywYwT9CM6kDzkjBortWtdE5M7QnvFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/M752SM6v0SRgr+6Qhc/X3xoRGWo+jwE5G1Az1sjcT//M6qQmv/QmXSWpQssVHYSqIDTkLT/pcITNibAllittbCRtSRZmxFRVsCd5y5FXSvCh7lXLl/rJUrWV15OEETuEcPLiCKtxCHRrAQMAzvMKb8+i8OO/Ox2I052Q7x/AHzucP7M2PQg==</latexit>

B → Ka



UV divergence -> Counterterms

W
<latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>

b
<latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit>

s
<latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit>t

<latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit>

a
<latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit>

g
<latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit>

• Two Loop Diagrams: 
W

<latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>

b
<latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit>

s
<latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit>

t
<latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit>

g
<latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit>

a
<latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit>

….

• Counterterms: 

b
<latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit>

s
<latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit>

g
<latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit><latexit sha1_base64="yTPhriwekvsWEkUrmoolkwSmDKg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSazwsV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ax6WM2w==</latexit>

a
<latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit>

<latexit sha1_base64="ht+lQHYHIZhGaoH4rT6gELtBI7Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSSi2GPBi8cK9gPaUDbbSbt0sxt3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzPz2IyrNpLg3kwSDmAwFixglxkqdnkCilHzqlyte1ZvDXSV+TiqQo9Evf/UGkqYxCkM50brre4kJMqIMoxynpV6qMSF0TIbYtVSQGHWQze+dumdWGbiRVLaEcefq74mMxFpP4tB2xsSM9LI3E//zuqmJakHGRJIaFHSxKEq5a6Q7e94dMIXU8IklhCpmb3XpiChCjY2oZEPwl19eJa2Lqn9V9e4uK/VaHkcRTuAUzsGHa6jDLTSgCRQ4PMMrvDkPzovz7nwsWgtOPnMMf+B8/gBRD5Ae</latexit> %

<latexit sha1_base64="5J5olVXZWoPCkocqDPJlHGvQxzY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsceCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTdVtXlfqtTyOIpzBOVyCB7dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Ad2mMrg==</latexit>

0

a
<latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit>

b
<latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit>

s
<latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit>t

<latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit><latexit sha1_base64="o4GNpD8EbqCZ7R0kb1bCJUAEQ/w=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BLx4TMImQLGF20puMmX0w0yuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KUiUNue63U9jY3NreKe6W9vYPDo/Kxydtk2RaYEskKtEPATeoZIwtkqTwIdXIo0BhJxjfzv3OE2ojk/ieJin6ER/GMpSCk5Wa1C9X3Kq7AFsnXk4qkKPRL3/1BonIIoxJKG5M13NT8qdckxQKZ6VeZjDlYsyH2LU05hEaf7o4dMYurDJgYaJtxcQW6u+JKY+MmUSB7Yw4jcyqNxf/87oZhTf+VMZpRhiL5aIwU4wSNv+aDaRGQWpiCRda2luZGHHNBdlsSjYEb/XlddKuVT236jWvKvVaHkcRzuAcLsGDa6jDHTSgBQIQnuEV3pxH58V5dz6WrQUnnzmFP3A+fwDbWYzo</latexit>

W
<latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>

Need aqq operator, <latexit sha1_base64="T2yT73uo0vwhNwkNtasII/eu0Zg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi2GPBi8cq9gPaUDbbTbt0sxt2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4Zua3H5k2XMkHnCQsiMlQ8ohTglbq9u75cIREa/XUL1e8qjeHu0r8nFQgR6Nf/uoNFE1jJpEKYkzX9xIMMqKRU8GmpV5qWELomAxZ11JJYmaCbH7y1D2zysCNlLYl0Z2rvycyEhsziUPbGRMcmWVvJv7ndVOMakHGZZIik3SxKEqFi8qd/e8OuGYUxcQSQjW3t7p0RDShaFMq2RD85ZdXSeui6l9VvbvLSr2Wx1GEEziFc/DhGupwCw1oAgUFz/AKbw46L86787FoLTj5zDH8gfP5A49rkWc=</latexit>)
<latexit sha1_base64="Z/QtxpHQMxiHcD1xvmhKN6Fhwsg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi2GWhG5cV7APaECbTSTt0MklnJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZW2tnd298r7lYPDo+MT+/Sso+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91g0sz97oxKxWLxpOcJ9SI8EixkBGsj+bY9iLAeE8xR08/wdLrw7apTc5ZAm8QtSBUKtHz7azCMSRpRoQnHSvVdJ9FehqVmhNNFZZAqmmAywSPaN1TgiCovWyZfoCujDFEYS/OERkv190aGI6XmUWAm85xq3cvF/7x+qsO6lzGRpJoKsjoUphzpGOU1oCGTlGg+NwQTyUxWRMZYYqJNWRVTgrv+5U3Suam5dzXn8bbaqBd1lOECLuEaXLiHBjxAC9pAYAbP8ApvVma9WO/Wx2q0ZBU75/AH1ucPZDCTeA==</latexit>

Caqq

• Overall counter term: 

15

b
<latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit><latexit sha1_base64="SCC0n95KYTMZOFa8z1HJXRDkYWw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxiWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVU9t+q1biqNWh5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz/AEYzW</latexit>

s
<latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit><latexit sha1_base64="u8b537eoKhVdXIWxX5tbGpwCm8A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSSw/LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx/Z1Yzn</latexit>

a
<latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit><latexit sha1_base64="i9z+bLX3bfYKcVFlMaiMGfpbYFg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSiw7LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGtn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp1KqeW/VaN5VGLY+jCBdwCdfgQR0acA9NaAMDhGd4hTfn0Xlx3p2PVWvByWfO4Q+czx++jYzV</latexit>

<latexit sha1_base64="ht+lQHYHIZhGaoH4rT6gELtBI7Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSSi2GPBi8cK9gPaUDbbSbt0sxt3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzPz2IyrNpLg3kwSDmAwFixglxkqdnkCilHzqlyte1ZvDXSV+TiqQo9Evf/UGkqYxCkM50brre4kJMqIMoxynpV6qMSF0TIbYtVSQGHWQze+dumdWGbiRVLaEcefq74mMxFpP4tB2xsSM9LI3E//zuqmJakHGRJIaFHSxKEq5a6Q7e94dMIXU8IklhCpmb3XpiChCjY2oZEPwl19eJa2Lqn9V9e4uK/VaHkcRTuAUzsGHa6jDLTSgCRQ4PMMrvDkPzovz7nwsWgtOPnMMf+B8/gBRD5Ae</latexit> %

<latexit sha1_base64="5J5olVXZWoPCkocqDPJlHGvQxzY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsceCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTdVtXlfqtTyOIpzBOVyCB7dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Ad2mMrg==</latexit>

0

Need abs operator, <latexit sha1_base64="T2yT73uo0vwhNwkNtasII/eu0Zg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi2GPBi8cq9gPaUDbbTbt0sxt2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4Zua3H5k2XMkHnCQsiMlQ8ohTglbq9u75cIREa/XUL1e8qjeHu0r8nFQgR6Nf/uoNFE1jJpEKYkzX9xIMMqKRU8GmpV5qWELomAxZ11JJYmaCbH7y1D2zysCNlLYl0Z2rvycyEhsziUPbGRMcmWVvJv7ndVOMakHGZZIik3SxKEqFi8qd/e8OuGYUxcQSQjW3t7p0RDShaFMq2RD85ZdXSeui6l9VvbvLSr2Wx1GEEziFc/DhGupwCw1oAgUFz/AKbw46L86787FoLTj5zDH8gfP5A49rkWc=</latexit>)
<latexit sha1_base64="V8sFT3hot34qEmUAIelmLh78MJw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi2GWhG5cV7APaEG6m03bo5MHMpFBC/8SNC0Xc+ifu/BsnbRbaemDgcM693DMnSARX2nG+rdLW9s7uXnm/cnB4dHxin551VJxKyto0FrHsBaiY4BFra64F6yWSYRgI1g2mzdzvzphUPI6e9DxhXojjiI84RW0k37YHIeoJRUGafoaBWvh21ak5S5BN4hakCgVavv01GMY0DVmkqUCl+q6TaC9DqTkVbFEZpIolSKc4Zn1DIwyZ8rJl8gW5MsqQjGJpXqTJUv29kWGo1DwMzGSeU617ufif10/1qO5lPEpSzSK6OjRKBdExyWsgQy4Z1WJuCFLJTVZCJyiRalNWxZTgrn95k3Ruau5dzXm8rTbqRR1luIBLuAYX7qEBD9CCNlCYwTO8wpuVWS/Wu/WxGi1Zxc45/IH1+QNQYJNr</latexit>

Cabs

<latexit sha1_base64="fsINSZVZTNpj+M9lXXUDQeCuJvk="></latexit>

M =
A
ω2UV

+
B

ωUV ωIR
+

C
ωUV

+
D
ωIR

+ E

<latexit sha1_base64="trXcRfTPjI3463AOzBZYpYWVCvo="></latexit>

M+Mct =
A
ω2UV

+
B

ωUV ωIR
+

C
ωUV

+
D
ωIR

+ E

<latexit sha1_base64="ht+lQHYHIZhGaoH4rT6gELtBI7Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSSi2GPBi8cK9gPaUDbbSbt0sxt3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVFJtUcqk6IdHImcCmYYZjJ1FI4pBjOxzfzPz2IyrNpLg3kwSDmAwFixglxkqdnkCilHzqlyte1ZvDXSV+TiqQo9Evf/UGkqYxCkM50brre4kJMqIMoxynpV6qMSF0TIbYtVSQGHWQze+dumdWGbiRVLaEcefq74mMxFpP4tB2xsSM9LI3E//zuqmJakHGRJIaFHSxKEq5a6Q7e94dMIXU8IklhCpmb3XpiChCjY2oZEPwl19eJa2Lqn9V9e4uK/VaHkcRTuAUzsGHa6jDLTSgCRQ4PMMrvDkPzovz7nwsWgtOPnMMf+B8/gBRD5Ae</latexit> %

<latexit sha1_base64="5J5olVXZWoPCkocqDPJlHGvQxzY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsceCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTdVtXlfqtTyOIpzBOVyCB7dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Ad2mMrg==</latexit>

0

<latexit sha1_base64="6awjeT77OHyxE9sQr/TFedsm5lU="></latexit>

M+Mct +Moct =
C

ωUV
+

D
ωIR

+ E

SC et. Al. 2102.04474,  
SC, Bisht, Samanta  2412.09678



IR divergence -> Matching with EFT

16

SC et. Al. 2102.04474,  
SC, Bisht, Samanta  2412.09678

<latexit sha1_base64="VEoKkD8suo6embjekX1teTyzkAY="></latexit>

M+Mct +Moct =
D
ωIR

+ E
⇤UV

<latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit>

MW
<latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit>

mb
<latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit>

U
V

 M
od

el
E

FT

Matching
<latexit sha1_base64="lBEuOlvwDUfedBy2NfdklKCrFI4=">AAACJHicbZDLSsNAFIYnXmu9RV26CRbBjSURqQURCiLoQqhiL9CEMplO26GTCzMnYgl5GDe+ihsXXnDhxmdx0gbRtj8M/HznHOac3w05k2CaX9rc/MLi0nJuJb+6tr6xqW9t12UQCUJrJOCBaLpYUs58WgMGnDZDQbHnctpwB+dpvXFPhWSBfwfDkDoe7vmsywgGhdr6qe1h6BPM4+ukHdtAHyCu1ZPkcAa/uk2Ss19+kbT1glk0RzKmjZWZAspUbevvdicgkUd9IBxL2bLMEJwYC2CE0yRvR5KGmAxwj7aU9bFHpROPjkyMfUU6RjcQ6vlgjOjfiRh7Ug49V3WmK8rJWgpn1VoRdMtOzPwwAuqT8UfdiBsQGGliRocJSoAPlcFEMLWrQfpYYAIq17wKwZo8edrUj4pWqVi6OS5UylkcObSL9tABstAJqqBLVEU1RNAjekav6E170l60D+1z3DqnZTM76J+07x8np6bz</latexit>

MUV →MIR = E



Running and Matching

Start with⇤UV
<latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit><latexit sha1_base64="fX2vaKwF5s8weqLn6wf+Mxr3Hms=">AAAB/HicbVBNS8NAFNzUr1q/oj16CRbBU0lEsMeCFw8eKphWaEPYbDbt0s0m7L6IIcS/4sWDIl79Id78N27bHLR1YGGYmcd7O0HKmQLb/jZqa+sbm1v17cbO7t7+gXl41FdJJgl1ScITeR9gRTkT1AUGnN6nkuI44HQQTK9m/uCBSsUScQd5Sr0YjwWLGMGgJd9sjm50OMR+MQL6CIXbL0vfbNltew5rlTgVaaEKPd/8GoUJyWIqgHCs1NCxU/AKLIERTsvGKFM0xWSKx3SoqcAxVV4xP760TrUSWlEi9RNgzdXfEwWOlcrjQCdjDBO17M3E/7xhBlHHK5hIM6CCLBZFGbcgsWZNWCGTlADPNcFEMn2rRSZYYgK6r4YuwVn+8irpn7cdu+3cXrS6naqOOjpGJ+gMOegSddE16iEXEZSjZ/SK3own48V4Nz4W0ZpRzTTRHxifPzUglRc=</latexit>

MW
<latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit><latexit sha1_base64="m2pplBmJY2OEHwAq/Wqui4QNJlU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI8FL16EivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek5u533ni2ohYPeI04X5ER0qEglG00sPdoDMoV9yquwBZJ15OKpCjOSh/9YcxSyOukElqTM9zE/QzqlEwyWelfmp4QtmEjnjPUkUjbvxsceqMXFhlSMJY21JIFurviYxGxkyjwHZGFMdm1ZuL/3m9FMO6nwmVpMgVWy4KU0kwJvO/yVBozlBOLaFMC3srYWOqKUObTsmG4K2+vE7aV1XPrXr315VGPY+jCGdwDpfgQQ0acAtNaAGDETzDK7w50nlx3p2PZWvByWdO4Q+czx8AxI2R</latexit>

Using RGEs

CW (MW ) s̄�µ�5PLb
@µa

Fa
<latexit sha1_base64="pXbVidzNVnkI7qe8AY1RP69owwY="></latexit><latexit sha1_base64="pXbVidzNVnkI7qe8AY1RP69owwY="></latexit><latexit sha1_base64="pXbVidzNVnkI7qe8AY1RP69owwY="></latexit><latexit sha1_base64="pXbVidzNVnkI7qe8AY1RP69owwY="></latexit>
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mb
<latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit><latexit sha1_base64="ofBgOKrZuk7XqCV3FSg9X5nt9bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmgckS5iddJIhM7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXlAhurO9/e4WNza3tneJuaW//4PCofHzSMnGqGTZZLGLdiahBwRU2LbcCO4lGKiOB7WhyO/fbT6gNj9WjnSYYSjpSfMgZtU56kP2oX674VX8Bsk6CnFQgR6Nf/uoNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLU6dkQunDMgw1q6UJQv190RGpTFTGblOSe3YrHpz8T+vm9phLcy4SlKLii0XDVNBbEzmf5MB18ismDpCmebuVsLGVFNmXTolF0Kw+vI6aV1VA78a3F9X6rU8jiKcwTlcQgA3UIc7aEATGIzgGV7hzRPei/fufSxbC14+cwp/4H3+AEIwjbw=</latexit>

Experimental Data
B ! Ka

<latexit sha1_base64="+fJxu+67OBZXL64B1jo4uw58buA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyI0C6LbgQ3FewD2qFk0jttaCYzJBmhDP0INy4Ucev3uPNvTNtZaOuBwOGce8k9J0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lo5km6Ed0JHnIGTVW6tz0TUzu6aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oxcWGVIwljZJw1ZqL83MhppPY0COxlRM9ar3lz8z+ulJqz7GZdJalCy5UdhKojNOM9OhlwhM2JqCWWK21sJG1NFmbENlWwJ3mrkddK+qnpu1Xu4rjTqeR1FOINzuAQPatCAO2hCCxhM4Ble4c1JnBfn3flYjhacfOcU/sD5/AGOvY8D</latexit><latexit sha1_base64="+fJxu+67OBZXL64B1jo4uw58buA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyI0C6LbgQ3FewD2qFk0jttaCYzJBmhDP0INy4Ucev3uPNvTNtZaOuBwOGce8k9J0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lo5km6Ed0JHnIGTVW6tz0TUzu6aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oxcWGVIwljZJw1ZqL83MhppPY0COxlRM9ar3lz8z+ulJqz7GZdJalCy5UdhKojNOM9OhlwhM2JqCWWK21sJG1NFmbENlWwJ3mrkddK+qnpu1Xu4rjTqeR1FOINzuAQPatCAO2hCCxhM4Ble4c1JnBfn3flYjhacfOcU/sD5/AGOvY8D</latexit><latexit sha1_base64="+fJxu+67OBZXL64B1jo4uw58buA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyI0C6LbgQ3FewD2qFk0jttaCYzJBmhDP0INy4Ucev3uPNvTNtZaOuBwOGce8k9J0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lo5km6Ed0JHnIGTVW6tz0TUzu6aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oxcWGVIwljZJw1ZqL83MhppPY0COxlRM9ar3lz8z+ulJqz7GZdJalCy5UdhKojNOM9OhlwhM2JqCWWK21sJG1NFmbENlWwJ3mrkddK+qnpu1Xu4rjTqeR1FOINzuAQPatCAO2hCCxhM4Ble4c1JnBfn3flYjhacfOcU/sD5/AGOvY8D</latexit><latexit sha1_base64="+fJxu+67OBZXL64B1jo4uw58buA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyI0C6LbgQ3FewD2qFk0jttaCYzJBmhDP0INy4Ucev3uPNvTNtZaOuBwOGce8k9J0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lo5km6Ed0JHnIGTVW6tz0TUzu6aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx7oxcWGVIwljZJw1ZqL83MhppPY0COxlRM9ar3lz8z+ulJqz7GZdJalCy5UdhKojNOM9OhlwhM2JqCWWK21sJG1NFmbENlWwJ3mrkddK+qnpu1Xu4rjTqeR1FOINzuAQPatCAO2hCCxhM4Ble4c1JnBfn3flYjhacfOcU/sD5/AGOvY8D</latexit>

Using RGEs

µ
d

dµ
(CiZij) = 0

<latexit sha1_base64="AfVGdpf9jowBHhMxHyn+KGEApYc="></latexit><latexit sha1_base64="AfVGdpf9jowBHhMxHyn+KGEApYc="></latexit><latexit sha1_base64="AfVGdpf9jowBHhMxHyn+KGEApYc="></latexit><latexit sha1_base64="AfVGdpf9jowBHhMxHyn+KGEApYc="></latexit>

<latexit sha1_base64="VRT413VDduY5EmCjTn0YH1AjQV8="></latexit>

↵s

8⇡

a

fa
Ga

µ⌫G̃
µ⌫a,

@µa

fa
q̄�µ�5q,

@µa

fa
s̄L�

µ�5bL

<latexit sha1_base64="+SDNWyaaFb/NLPVWawd7AzUi8U0="></latexit>

CW = Cbs|{z}
C1

+
↵w

4⇡
g (µw)Cqq

| {z }
C2

+
1

2

↵w

4⇡

⇣↵s

4⇡

⌘2
f (µw)

| {z }
C3

SC et. Al. 2102.04474,  
SC, Bisht, Samanta  2412.09678



Prompt Searches: KSVZ
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SC, Bisht, Samanta  2412.09678



Displaced Searches: Minimal Coupling 
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Backgrounds: 

<latexit sha1_base64="vho5XVUB+5BH0Ig8bRhGokAxxjU="></latexit>

⇤UV = 1 TeV
<latexit sha1_base64="xHv8/Fa3o+7WLB8blNIjDyeY3Fw="></latexit>

⇤UV = 10 TeV

<latexit sha1_base64="4V8cR3w2RrJ11ajK6JGvdyjg6A4="></latexit>

B ! K! (3⇡) , B� ! K�KL

�
⇡+⇡�⇡0

�
, B� ! K�K⇤

0

�
Ks⇡

0
�

SC et. Al. 2108.10331 



Other Couplings of ALP

20

Bauer et. Al. 2110.10698 

<latexit sha1_base64="f3ElLpLmzMj+e+pPey/8UgoAQnU="></latexit>

L � Cagg
a

fa
G eG+ CaWW

a

fa
WfW + CaBB

a

fa
B eB + Caqiqj

X

i,j

@µa

fa
q̄i�

µ�5qj



Axions/ALPs at the cosmic frontier

21

<latexit sha1_base64="6bHluV8HB4WKSWLtmyvfxHNUn/s="></latexit>

Le↵ � q̄
⇣
iD � M̂q

⌘
q � @µa

2fa
q̄�µ�5q + ....



Anything Else?

22

Wess-Zumino(1971), Witten(1983)

<latexit sha1_base64="b/zBoire48pjGhABQMtJpu7BtqA="></latexit>

) La
WZW � ✏µ⌫⇢� @µa F⌫⇢!�

UV Model EFT



Implications of WZW term

23

 Cooling of Neutron Stars/Supernovae

 Probing such interactions at the intensity frontiers, GlueX etc.
Harvey, Hill, Hill (0712.1230), SM WZW for MiniBooNE 
SC, Gupta, Vanvlassaelaer (JCAP 2023), SM WZW Neutron Star Cooling 

<latexit sha1_base64="b/zBoire48pjGhABQMtJpu7BtqA="></latexit>

) La
WZW � ✏µ⌫⇢� @µa F⌫⇢!�

SC, Gupta, Vanvlassaelaer (to appear)  



WZW terms & Supernovae Cooling



Fantastic Axions & where to find them

25

 Rare processes, Intensity Frontier Experiments, Developing EFTs (ongoing) 

 Probing WZW interactions 

Intensity Frontier

Cosmic Frontier

 Cooling of neutron stars 

 Axion-Meson Oscillations: 

 Kinetic Misalignment, Axion Co-genesis (Harigaya, Hall, Co 2019, SC, Okui, Jung 2021) 

Energy Frontier

<latexit sha1_base64="y20mu94KBgXFKYH02/VCqYSEs48=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgCGFXggpegoJ4jGBUyISldzJJhsxjmZkVwpKP8OKvePGgiFcP3vwbJzEHXwUNRVU33V1JKrh1YfgRFGZm5+YXioulpeWV1bXy+saV1ZmhrEm10OYmAcsEV6zpuBPsJjUMZCLYdTI4HfvXt8xYrtWlG6asLaGneJdTcF6Ky3skBeM4iJjIDAMmx/gszonKiOnrESZash7ExPKehLhcCavhBPgviaakgqZoxOV30tE0k0w5KsDaVhSmrp2PF1LBRiWSWZYCHUCPtTxVIJlt55OnRnjHKx3c1caXcniifp/IQVo7lInvlOD69rc3Fv/zWpnrHrVzrtLMMUW/FnUzgZ3G44RwhxtGnRh6AtRwfyumfTBAnc+x5EOIfr/8l1ztV6ODau2iVqmfTOMooi20jXZRhA5RHZ2jBmoiiu7QA3pCz8F98Bi8BK9frYVgOrOJfiB4+wRpW55y</latexit>

@µa F⌫⇢!�

 Lepton Colliders, MATHUSLA (Long Lived Axions)  



Cartoon: Daniel Grin

Backup4: Axions

26

<latexit sha1_base64="vz+ea3RXvpsv8+HF+3uiqIBTlRA=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIQkmqqBuh6MZlRfuAJpbJdNIOnUzizEQoQ/7Bjb/ixoUibt2482+ctFlo64ELh3Pu5d57/JgSIW372yjMzS8sLhWXSyura+sb5uZWU0QJR7iBIhrxtg8FpoThhiSS4nbMMQx9ilv+8DLzWw+YCxKxWzmKsRfCPiMBQVBqqWse1M/dgEOkbg6DLkyVK+65VNU0xXeKTBytZlbaNct2xR7DmiVOTsogR71rfrm9CCUhZhJRKETHsWPpKcglQRSnJTcROIZoCPu4oymDIRaeGv+UWnta6VlBxHUxaY3V3xMKhkKMQl93hlAOxLSXif95nUQGZ54iLE4kZmiyKEioJSMrC8jqEY6RpCNNIOJE32qhAdRBSB1jSYfgTL88S5rVinNSObo+Ltcu8jiKYAfsgn3ggFNQA1egDhoAgUfwDF7Bm/FkvBjvxsektWDkM9vgD4zPH6vIn1M=</latexit>

P =
S + fap

2
ei

a
fa

PQ

QCD 
Confinement

<latexit sha1_base64="2Fwr0nEgKf7hSTQmqGDW4ao50Rc="></latexit>

LKSVZ =(@µP )† (@µP ) + Q̄iDQ

�
�
yQPQ̄LQR + h.c.

�
� V (|P |2)

After SB, P becomes a GB

Heavy quarks generate a coupling
<latexit sha1_base64="9QOUho+Aru7o4SVL9Uq7+CFOwRk="></latexit>

��fap
2
exp

✓
i
a

fa

◆
Q̄LQR + h.c.

Chiral rotation removes this

However, generates:
<latexit sha1_base64="AnMymSVpkulVJAAJDAQPTCM/DZ8=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISVR0S4LLuqygn1AE8LNdNIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhts9DWAxcO59zLvff4CWdSWda3UVpZXVvfKG9WtrZ3dvfM/YOOjFNBaJvEPBY9HyTlLKJtxRSnvURQCH1Ou/74Zup3H6iQLI7u1SShbgjDiAWMgNKSZ545gQCSOcCTEXgyz+pOwvK5CHkWeJDjpqMYH1Dc9MyqVbNmwMvELkgVFWh55pcziEka0kgRDlL2bStRbgZCMcJpXnFSSRMgYxjSvqYRhFS62eyrHJ9oZYCDWOiKFJ6pvycyCKWchL7uDEGN5KI3Ff/z+qkK6m7GoiRVNCLzRUHKsYrxNCI8YIISxSeaABFM34rJCHQiSgdZ0SHYiy8vk855zb6qXdxdVhv1Io4yOkLH6BTZ6Bo10C1qoTYi6BE9o1f0ZjwZL8a78TFvLRnFzCH6A+PzB3bwn5U=</latexit>↵s

8⇡

a

fa
GG̃

Example of a UV model
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<latexit sha1_base64="jWlGDi1onNLUGyCUUwwpoG+3km0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2k3bpbhJ2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSNsG24E9hKFVAYCu8H0Lve7T6g0j6NHM0vQl3Qc8ZAzanJpgEIMqzW37i5A1olXkBoUaA2rX4NRzFKJkWGCat333MT4GVWGM4HzyiDVmFA2pWPsWxpRidrPFrfOyYVVRiSMla3IkIX6eyKjUuuZDGynpGaiV71c/M/rpya89TMeJanBiC0XhakgJib542TEFTIjZpZQpri9lbAJVZQZG0/FhuCtvrxOOld177reeGjUmo0ijjKcwTlcggc30IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AAwejjY=</latexit>

`
PXD

SVD

CDC

VXD

1.13m

14cm

z

r

Beam line

<latexit sha1_base64="fzteT97yQBrc3ZQXKQHM4ufmujc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uzjiSHulsl/x5yCrJMhJGXLUe6Wvbl+zNOYKmaTWdgI/wTCjBgWTfFrsppYnlI3pkHccVTTmNszm107JuVP6ZKCNK4Vkrv6eyGhs7SSOXGdMcWSXvZn4n9dJcXATZkIlKXLFFosGqSSoyex10heGM5QTRygzwt1K2IgaytAFVHQhBMsvr5LmZSW4qlTvq+VaNY+jAKdwBhcQwDXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4Aoq+PIw==</latexit>

✓

<latexit sha1_base64="faZ5xjA4P5am8vvVfY5weLVA2/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A29mM8Q==</latexit>r

 Linear Falling Efficiency:

<latexit sha1_base64="eb+oge1JJA7qXgpOAJc1gjQC6YQ=">AAACJXicbVBNS8NAEN3U7/pV9eglWIR6sCRS1IOC4MVjBatCE8JmO9Glm03YnUhLyJ/x4l/x4sEigif/ittaQVsfLLx5b4bZeWEquEbH+bBKM7Nz8wuLS+XlldW19crG5rVOMsWgxRKRqNuQahBcQgs5CrhNFdA4FHATds+H/s0DKM0TeYX9FPyY3kkecUbRSEHlxINUc5HImto79SJFWa4CD6GHeUx7xb4qJuqfgsuiCCpVp+6MYE8Td0yqZIxmUBl4nYRlMUhkgmrddp0U/Zwq5ExAUfYyDSllXXoHbUMljUH7+ejKwt41SseOEmWeRHuk/p7Iaax1Pw5NZ0zxXk96Q/E/r51hdOznXKYZgmTfi6JM2JjYw8jsDlfAUPQNoUxx81eb3VMTFZpgyyYEd/LkaXJ9UHcP643LRvWsMY5jkWyTHVIjLjkiZ+SCNEmLMPJInskrGVhP1ov1Zr1/t5as8cwW+QPr8wtEq6eW</latexit>

✏(r) =
rmax � r

rmax � rmin

Probability for decay

Probability for identifying displaced vertex
<latexit sha1_base64="RyVCHiFqFfx8bwLaJuGJ0ONCokA="></latexit>

✏ (✓) =

R `max

`min
d` e�`/�

� (rmax�` sin ✓) ✓̄ (`)
R `max

`min
d` e�`/�

� (rmax � rmin) ✓̄ (`)

<latexit sha1_base64="n4Mtl56Z6rM2LZdfLUDOmZojFhg="></latexit>

Nsignal = Production⇥Decay Branching⇥ E�ciency

<latexit sha1_base64="jMzxy3/F2v5vfqsdfhi8OKAOlPw=">AAACDHicbVC7TgJBFJ3FF+ILtbTZSEysyC4hSkFBYmOJiTwSIGR2uAsTZh+ZuWsgm7W38VdsLDTG1g+w828cYAsETzLJmXPOzcw9Tii4Qsv6MTIbm1vbO9nd3N7+weFR/vikqYJIMmiwQASy7VAFgvvQQI4C2qEE6jkCWs74Zua3HkAqHvj3OA2h59Ghz13OKGqpny90nWACg9i2HrsIE4yZl1RltbJ0TXTKKlpzmOvETkmBpKj389/dQcAiD3xkgirVsa0QezGVyJmAJNeNFISUjekQOpr61APVi+fLJOaFVgamG0h9fDTn6vJETD2lpp6jkx7FkVr1ZuJ/XidCt9KLuR9GCD5bPORGwsTAnDVjDrgEhmKqCWWS67+abEQlZaj7y+kS7NWV10mzVLSviuW7cqFWSuvIkjNyTi6JTa5JjdySOmkQRp7IC3kj78az8Wp8GJ+LaMZIZ07JHxhfv455m+k=</latexit>

10 cm < r < 80 cm

<latexit sha1_base64="ozNcbD8Tk0469lLGNEoStBm1Zvc=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIdWFNJKgboeDGZQV7gaaWyfSkHZxcmDkRSuiLuPFV3LhQxIUb8W2cXgRt/WHg4z/nzMz5/URwhbb9ZeQWFpeWV/KrhbX1jc0tc3unruJUMqixWMSy6VMFgkdQQ44CmokEGvoCGv7d5ajeuAepeBzd4CCBdkh7EQ84o6itjulWPQEBljwQwpO818fDCy+QlGVwmx2N3GNP6Ou6dDjMfqhjFu2yPZY1D84UimSqasf88LoxS0OIkAmqVMuxE2xnVCJnAoYFL1WQUHZHe9DSGNEQVDsbbze0DrTTtYJY6hOhNXZ/T2Q0VGoQ+rozpNhXs7WR+V+tlWJw3s54lKQIEZs8FKTCwtgaRWV1uQSGYqCBMsn1Xy3Wpzob1IEWdAjO7MrzUD8pO6dl99otVtxpHHmyR/ZJiTjkjFTIFamSGmHkgTyRF/JqPBrPxpvxPmnNGdOZXfJHxuc3Y22iuA==</latexit>

P (`) =
e�`/�

�
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<latexit sha1_base64="jWlGDi1onNLUGyCUUwwpoG+3km0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2k3bpbhJ2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSNsG24E9hKFVAYCu8H0Lve7T6g0j6NHM0vQl3Qc8ZAzanJpgEIMqzW37i5A1olXkBoUaA2rX4NRzFKJkWGCat333MT4GVWGM4HzyiDVmFA2pWPsWxpRidrPFrfOyYVVRiSMla3IkIX6eyKjUuuZDGynpGaiV71c/M/rpya89TMeJanBiC0XhakgJib542TEFTIjZpZQpri9lbAJVZQZG0/FhuCtvrxOOld177reeGjUmo0ijjKcwTlcggc30IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AAwejjY=</latexit>

`
PXD

SVD

CDC

VXD

1.13m

14cm

z

r

Beam line

<latexit sha1_base64="fzteT97yQBrc3ZQXKQHM4ufmujc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uzjiSHulsl/x5yCrJMhJGXLUe6Wvbl+zNOYKmaTWdgI/wTCjBgWTfFrsppYnlI3pkHccVTTmNszm107JuVP6ZKCNK4Vkrv6eyGhs7SSOXGdMcWSXvZn4n9dJcXATZkIlKXLFFosGqSSoyex10heGM5QTRygzwt1K2IgaytAFVHQhBMsvr5LmZSW4qlTvq+VaNY+jAKdwBhcQwDXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4Aoq+PIw==</latexit>

✓

<latexit sha1_base64="faZ5xjA4P5am8vvVfY5weLVA2/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A29mM8Q==</latexit>r

 Linear Falling Efficiency:

<latexit sha1_base64="eb+oge1JJA7qXgpOAJc1gjQC6YQ=">AAACJXicbVBNS8NAEN3U7/pV9eglWIR6sCRS1IOC4MVjBatCE8JmO9Glm03YnUhLyJ/x4l/x4sEigif/ittaQVsfLLx5b4bZeWEquEbH+bBKM7Nz8wuLS+XlldW19crG5rVOMsWgxRKRqNuQahBcQgs5CrhNFdA4FHATds+H/s0DKM0TeYX9FPyY3kkecUbRSEHlxINUc5HImto79SJFWa4CD6GHeUx7xb4qJuqfgsuiCCpVp+6MYE8Td0yqZIxmUBl4nYRlMUhkgmrddp0U/Zwq5ExAUfYyDSllXXoHbUMljUH7+ejKwt41SseOEmWeRHuk/p7Iaax1Pw5NZ0zxXk96Q/E/r51hdOznXKYZgmTfi6JM2JjYw8jsDlfAUPQNoUxx81eb3VMTFZpgyyYEd/LkaXJ9UHcP643LRvWsMY5jkWyTHVIjLjkiZ+SCNEmLMPJInskrGVhP1ov1Zr1/t5as8cwW+QPr8wtEq6eW</latexit>

✏(r) =
rmax � r

rmax � rmin

Probability for decay

Probability for identifying displaced vertex
<latexit sha1_base64="RyVCHiFqFfx8bwLaJuGJ0ONCokA="></latexit>

✏ (✓) =

R `max

`min
d` e�`/�

� (rmax�` sin ✓) ✓̄ (`)
R `max

`min
d` e�`/�

� (rmax � rmin) ✓̄ (`)

<latexit sha1_base64="n4Mtl56Z6rM2LZdfLUDOmZojFhg="></latexit>

Nsignal = Production⇥Decay Branching⇥ E�ciency

<latexit sha1_base64="jMzxy3/F2v5vfqsdfhi8OKAOlPw=">AAACDHicbVC7TgJBFJ3FF+ILtbTZSEysyC4hSkFBYmOJiTwSIGR2uAsTZh+ZuWsgm7W38VdsLDTG1g+w828cYAsETzLJmXPOzcw9Tii4Qsv6MTIbm1vbO9nd3N7+weFR/vikqYJIMmiwQASy7VAFgvvQQI4C2qEE6jkCWs74Zua3HkAqHvj3OA2h59Ghz13OKGqpny90nWACg9i2HrsIE4yZl1RltbJ0TXTKKlpzmOvETkmBpKj389/dQcAiD3xkgirVsa0QezGVyJmAJNeNFISUjekQOpr61APVi+fLJOaFVgamG0h9fDTn6vJETD2lpp6jkx7FkVr1ZuJ/XidCt9KLuR9GCD5bPORGwsTAnDVjDrgEhmKqCWWS67+abEQlZaj7y+kS7NWV10mzVLSviuW7cqFWSuvIkjNyTi6JTa5JjdySOmkQRp7IC3kj78az8Wp8GJ+LaMZIZ07JHxhfv455m+k=</latexit>

10 cm < r < 80 cm

<latexit sha1_base64="ozNcbD8Tk0469lLGNEoStBm1Zvc=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIdWFNJKgboeDGZQV7gaaWyfSkHZxcmDkRSuiLuPFV3LhQxIUb8W2cXgRt/WHg4z/nzMz5/URwhbb9ZeQWFpeWV/KrhbX1jc0tc3unruJUMqixWMSy6VMFgkdQQ44CmokEGvoCGv7d5ajeuAepeBzd4CCBdkh7EQ84o6itjulWPQEBljwQwpO818fDCy+QlGVwmx2N3GNP6Ou6dDjMfqhjFu2yPZY1D84UimSqasf88LoxS0OIkAmqVMuxE2xnVCJnAoYFL1WQUHZHe9DSGNEQVDsbbze0DrTTtYJY6hOhNXZ/T2Q0VGoQ+rozpNhXs7WR+V+tlWJw3s54lKQIEZs8FKTCwtgaRWV1uQSGYqCBMsn1Xy3Wpzob1IEWdAjO7MrzUD8pO6dl99otVtxpHHmyR/ZJiTjkjFTIFamSGmHkgTyRF/JqPBrPxpvxPmnNGdOZXfJHxuc3Y22iuA==</latexit>

P (`) =
e�`/�

�
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<latexit sha1_base64="jWlGDi1onNLUGyCUUwwpoG+3km0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2k3bpbhJ2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSNsG24E9hKFVAYCu8H0Lve7T6g0j6NHM0vQl3Qc8ZAzanJpgEIMqzW37i5A1olXkBoUaA2rX4NRzFKJkWGCat333MT4GVWGM4HzyiDVmFA2pWPsWxpRidrPFrfOyYVVRiSMla3IkIX6eyKjUuuZDGynpGaiV71c/M/rpya89TMeJanBiC0XhakgJib542TEFTIjZpZQpri9lbAJVZQZG0/FhuCtvrxOOld177reeGjUmo0ijjKcwTlcggc30IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AAwejjY=</latexit>

`
PXD

SVD

CDC

VXD

1.13m

14cm

z

r

Beam line

<latexit sha1_base64="fzteT97yQBrc3ZQXKQHM4ufmujc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uzjiSHulsl/x5yCrJMhJGXLUe6Wvbl+zNOYKmaTWdgI/wTCjBgWTfFrsppYnlI3pkHccVTTmNszm107JuVP6ZKCNK4Vkrv6eyGhs7SSOXGdMcWSXvZn4n9dJcXATZkIlKXLFFosGqSSoyex10heGM5QTRygzwt1K2IgaytAFVHQhBMsvr5LmZSW4qlTvq+VaNY+jAKdwBhcQwDXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4Aoq+PIw==</latexit>

✓

<latexit sha1_base64="faZ5xjA4P5am8vvVfY5weLVA2/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A29mM8Q==</latexit>r

 Linear Falling Efficiency:

<latexit sha1_base64="eb+oge1JJA7qXgpOAJc1gjQC6YQ=">AAACJXicbVBNS8NAEN3U7/pV9eglWIR6sCRS1IOC4MVjBatCE8JmO9Glm03YnUhLyJ/x4l/x4sEigif/ittaQVsfLLx5b4bZeWEquEbH+bBKM7Nz8wuLS+XlldW19crG5rVOMsWgxRKRqNuQahBcQgs5CrhNFdA4FHATds+H/s0DKM0TeYX9FPyY3kkecUbRSEHlxINUc5HImto79SJFWa4CD6GHeUx7xb4qJuqfgsuiCCpVp+6MYE8Td0yqZIxmUBl4nYRlMUhkgmrddp0U/Zwq5ExAUfYyDSllXXoHbUMljUH7+ejKwt41SseOEmWeRHuk/p7Iaax1Pw5NZ0zxXk96Q/E/r51hdOznXKYZgmTfi6JM2JjYw8jsDlfAUPQNoUxx81eb3VMTFZpgyyYEd/LkaXJ9UHcP643LRvWsMY5jkWyTHVIjLjkiZ+SCNEmLMPJInskrGVhP1ov1Zr1/t5as8cwW+QPr8wtEq6eW</latexit>

✏(r) =
rmax � r

rmax � rmin

Probability for decay

Probability for identifying displaced vertex
<latexit sha1_base64="RyVCHiFqFfx8bwLaJuGJ0ONCokA="></latexit>

✏ (✓) =

R `max

`min
d` e�`/�

� (rmax�` sin ✓) ✓̄ (`)
R `max

`min
d` e�`/�

� (rmax � rmin) ✓̄ (`)

<latexit sha1_base64="n4Mtl56Z6rM2LZdfLUDOmZojFhg="></latexit>

Nsignal = Production⇥Decay Branching⇥ E�ciency

<latexit sha1_base64="jMzxy3/F2v5vfqsdfhi8OKAOlPw=">AAACDHicbVC7TgJBFJ3FF+ILtbTZSEysyC4hSkFBYmOJiTwSIGR2uAsTZh+ZuWsgm7W38VdsLDTG1g+w828cYAsETzLJmXPOzcw9Tii4Qsv6MTIbm1vbO9nd3N7+weFR/vikqYJIMmiwQASy7VAFgvvQQI4C2qEE6jkCWs74Zua3HkAqHvj3OA2h59Ghz13OKGqpny90nWACg9i2HrsIE4yZl1RltbJ0TXTKKlpzmOvETkmBpKj389/dQcAiD3xkgirVsa0QezGVyJmAJNeNFISUjekQOpr61APVi+fLJOaFVgamG0h9fDTn6vJETD2lpp6jkx7FkVr1ZuJ/XidCt9KLuR9GCD5bPORGwsTAnDVjDrgEhmKqCWWS67+abEQlZaj7y+kS7NWV10mzVLSviuW7cqFWSuvIkjNyTi6JTa5JjdySOmkQRp7IC3kj78az8Wp8GJ+LaMZIZ07JHxhfv455m+k=</latexit>

10 cm < r < 80 cm

<latexit sha1_base64="ozNcbD8Tk0469lLGNEoStBm1Zvc=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIdWFNJKgboeDGZQV7gaaWyfSkHZxcmDkRSuiLuPFV3LhQxIUb8W2cXgRt/WHg4z/nzMz5/URwhbb9ZeQWFpeWV/KrhbX1jc0tc3unruJUMqixWMSy6VMFgkdQQ44CmokEGvoCGv7d5ajeuAepeBzd4CCBdkh7EQ84o6itjulWPQEBljwQwpO818fDCy+QlGVwmx2N3GNP6Ou6dDjMfqhjFu2yPZY1D84UimSqasf88LoxS0OIkAmqVMuxE2xnVCJnAoYFL1WQUHZHe9DSGNEQVDsbbze0DrTTtYJY6hOhNXZ/T2Q0VGoQ+rozpNhXs7WR+V+tlWJw3s54lKQIEZs8FKTCwtgaRWV1uQSGYqCBMsn1Xy3Wpzob1IEWdAjO7MrzUD8pO6dl99otVtxpHHmyR/ZJiTjkjFTIFamSGmHkgTyRF/JqPBrPxpvxPmnNGdOZXfJHxuc3Y22iuA==</latexit>

P (`) =
e�`/�

�



Displaced Searches at Belle
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<latexit sha1_base64="jWlGDi1onNLUGyCUUwwpoG+3km0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2k3bpbhJ2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSNsG24E9hKFVAYCu8H0Lve7T6g0j6NHM0vQl3Qc8ZAzanJpgEIMqzW37i5A1olXkBoUaA2rX4NRzFKJkWGCat333MT4GVWGM4HzyiDVmFA2pWPsWxpRidrPFrfOyYVVRiSMla3IkIX6eyKjUuuZDGynpGaiV71c/M/rpya89TMeJanBiC0XhakgJib542TEFTIjZpZQpri9lbAJVZQZG0/FhuCtvrxOOld177reeGjUmo0ijjKcwTlcggc30IR7aEEbGEzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AAwejjY=</latexit>

`
PXD

SVD

CDC

VXD

1.13m

14cm

z

r

Beam line

<latexit sha1_base64="fzteT97yQBrc3ZQXKQHM4ufmujc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME84BkCbOTSTJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc1uzjiSHulsl/x5yCrJMhJGXLUe6Wvbl+zNOYKmaTWdgI/wTCjBgWTfFrsppYnlI3pkHccVTTmNszm107JuVP6ZKCNK4Vkrv6eyGhs7SSOXGdMcWSXvZn4n9dJcXATZkIlKXLFFosGqSSoyex10heGM5QTRygzwt1K2IgaytAFVHQhBMsvr5LmZSW4qlTvq+VaNY+jAKdwBhcQwDXU4A7q0AAGj/AMr/Dmae/Fe/c+Fq1rXj5zAn/gff4Aoq+PIw==</latexit>

✓

<latexit sha1_base64="faZ5xjA4P5am8vvVfY5weLVA2/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6redbXWrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A29mM8Q==</latexit>r

 Linear Falling Efficiency:

<latexit sha1_base64="eb+oge1JJA7qXgpOAJc1gjQC6YQ=">AAACJXicbVBNS8NAEN3U7/pV9eglWIR6sCRS1IOC4MVjBatCE8JmO9Glm03YnUhLyJ/x4l/x4sEigif/ittaQVsfLLx5b4bZeWEquEbH+bBKM7Nz8wuLS+XlldW19crG5rVOMsWgxRKRqNuQahBcQgs5CrhNFdA4FHATds+H/s0DKM0TeYX9FPyY3kkecUbRSEHlxINUc5HImto79SJFWa4CD6GHeUx7xb4qJuqfgsuiCCpVp+6MYE8Td0yqZIxmUBl4nYRlMUhkgmrddp0U/Zwq5ExAUfYyDSllXXoHbUMljUH7+ejKwt41SseOEmWeRHuk/p7Iaax1Pw5NZ0zxXk96Q/E/r51hdOznXKYZgmTfi6JM2JjYw8jsDlfAUPQNoUxx81eb3VMTFZpgyyYEd/LkaXJ9UHcP643LRvWsMY5jkWyTHVIjLjkiZ+SCNEmLMPJInskrGVhP1ov1Zr1/t5as8cwW+QPr8wtEq6eW</latexit>

✏(r) =
rmax � r

rmax � rmin

Probability for decay

Probability for identifying displaced vertex
<latexit sha1_base64="RyVCHiFqFfx8bwLaJuGJ0ONCokA="></latexit>

✏ (✓) =

R `max

`min
d` e�`/�

� (rmax�` sin ✓) ✓̄ (`)
R `max

`min
d` e�`/�

� (rmax � rmin) ✓̄ (`)

<latexit sha1_base64="n4Mtl56Z6rM2LZdfLUDOmZojFhg="></latexit>

Nsignal = Production⇥Decay Branching⇥ E�ciency

<latexit sha1_base64="jMzxy3/F2v5vfqsdfhi8OKAOlPw=">AAACDHicbVC7TgJBFJ3FF+ILtbTZSEysyC4hSkFBYmOJiTwSIGR2uAsTZh+ZuWsgm7W38VdsLDTG1g+w828cYAsETzLJmXPOzcw9Tii4Qsv6MTIbm1vbO9nd3N7+weFR/vikqYJIMmiwQASy7VAFgvvQQI4C2qEE6jkCWs74Zua3HkAqHvj3OA2h59Ghz13OKGqpny90nWACg9i2HrsIE4yZl1RltbJ0TXTKKlpzmOvETkmBpKj389/dQcAiD3xkgirVsa0QezGVyJmAJNeNFISUjekQOpr61APVi+fLJOaFVgamG0h9fDTn6vJETD2lpp6jkx7FkVr1ZuJ/XidCt9KLuR9GCD5bPORGwsTAnDVjDrgEhmKqCWWS67+abEQlZaj7y+kS7NWV10mzVLSviuW7cqFWSuvIkjNyTi6JTa5JjdySOmkQRp7IC3kj78az8Wp8GJ+LaMZIZ07JHxhfv455m+k=</latexit>

10 cm < r < 80 cm

<latexit sha1_base64="ozNcbD8Tk0469lLGNEoStBm1Zvc=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIdWFNJKgboeDGZQV7gaaWyfSkHZxcmDkRSuiLuPFV3LhQxIUb8W2cXgRt/WHg4z/nzMz5/URwhbb9ZeQWFpeWV/KrhbX1jc0tc3unruJUMqixWMSy6VMFgkdQQ44CmokEGvoCGv7d5ajeuAepeBzd4CCBdkh7EQ84o6itjulWPQEBljwQwpO818fDCy+QlGVwmx2N3GNP6Ou6dDjMfqhjFu2yPZY1D84UimSqasf88LoxS0OIkAmqVMuxE2xnVCJnAoYFL1WQUHZHe9DSGNEQVDsbbze0DrTTtYJY6hOhNXZ/T2Q0VGoQ+rozpNhXs7WR+V+tlWJw3s54lKQIEZs8FKTCwtgaRWV1uQSGYqCBMsn1Xy3Wpzob1IEWdAjO7MrzUD8pO6dl99otVtxpHHmyR/ZJiTjkjFTIFamSGmHkgTyRF/JqPBrPxpvxPmnNGdOZXfJHxuc3Y22iuA==</latexit>

P (`) =
e�`/�

�
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<latexit sha1_base64="w0cnkS5N21X19kDj8jVW1zbzx1Y=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCq5IU6WNXcOOygn1AOwyZNNOGJjNDkhHKUDf+ihsXirj1L9z5N2baCip6IOHknHu5uSdIBNcGoQ9nZXVtfWOzsFXc3tnd23cPDjs6ThVlbRqLWPUCopngEWsbbgTrJYoRGQjWDSaXud+9ZUrzOLox04R5kowiHnJKjJV891j6g4TDcH4PNJdQ+sQ+ie+WUBkhhDGGOcG1KrKk0ahXcB3i3LIogSVavvs+GMY0lSwyVBCt+xglxsuIMpwKNisOUs0SQidkxPqWRkQy7WXzDWbwzCpDGMbKnsjAufq9IyNS66kMbKUkZqx/e7n4l9dPTVj3Mh4lqWERXQwKUwFNDPM44JArRo2YWkKo4vavkI6JItTY0Io2hK9N4f+kUynjahldX5SalWUcBXACTsE5wKAGmuAKtEAbUHAHHsATeHbunUfnxXldlK44y54j8APO2yd38JY5</latexit>

m⇡
f⇡

⇠ ma
fa
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T
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(meson mixing, gluon-gluon fusion)

Axion Decay 
(into photon pairs, hadrons)

<latexit sha1_base64="qJUjcQPsx6ELQWrVCMxjuMHZfJ4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokouhGKblxWsA9oQplMJ+3QmSTMTJQa+yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbS0tr6yurZc2yptb2zu7dmWvpeJUEtokMY9lJ8CKchbRpmaa004iKRYBp+1gdJ377XsqFYujOz1OqC/wIGIhI1gbqWdXHtElcjzkCayHUmRi0rOrTs2ZAi0StyBVKNDo2V9ePyapoJEmHCvVdZ1E+xmWmhFOJ2UvVTTBZIQHtGtohAVVfjaNPkFHRumjMJbmRRpN1d8bGRZKjUVgJvOEat7Lxf+8bqrDCz9jUZJqGpHZoTDlSMco7wH1maRE87EhmEhmsiIyxBITbdoqmxLc+S8vktZJzT2rOben1fpVUUcJDuAQjsGFc6jDDTSgCQQe4Ble4c16sl6sd+tjNrpkFTv78AfW5w8dHZNG</latexit>

z = 0 m
<latexit sha1_base64="la8XVI1cD3qUy9CATUvuM26suYw=">AAACGnicbVDLSgNBEJz1bXxFPXoZDEK8hF1R9CjqwaOCiUI2hN5JbxycxzIzK4Ql3+HFX/HiQRFv4sW/cfI4aLRhhqKqm+6qJBPcujD8CqamZ2bn5hcWS0vLK6tr5fWNhtW5YVhnWmhzk4BFwRXWHXcCbzKDIBOB18nd6UC/vkdjuVZXrpdhS0JX8ZQzcJ5ql6NYgrs1sjjzu0AxjGlqtIzpFZguuphWlfa/0zG1DATu9tvlSlgLh0X/gmgMKmRcF+3yR9zRLJeoHBNgbTMKM9cqwDjOBPZLcW4xA3YHXWx6qECibRVDa32645kOTbXxTzk6ZH9OFCCt7cnEdw6M2EltQP6nNXOXHrUKrrLcoWKjRWkuvFM6yIl2uEHmRM8DYIb7Wym7BQPM+TRLPoRo0vJf0NirRQe18HK/cnwyjmOBbJFtUiUROSTH5JxckDph5IE8kRfyGjwGz8Fb8D5qnQrGM5vkVwWf39YCoLU=</latexit>

Distance from Target (not to scale)

<latexit sha1_base64="k3NpBR1FXRsuI6qdEy2ryNrW4nk=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cq9gPaUDbbSbt0swm7G6GG/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3H1FpHssHM0rQj2hf8pAzaqx0f/rULZXdijsFWSReTsqQo9YtfXV6MUsjlIYJqnXbcxPjZ1QZzgSOi51UY0LZkPaxbamkEWo/m146JsdW6ZEwVrakIVP190RGI61HUWA7I2oGet6biP957dSEV37GZZIalGy2KEwFMTGZvE16XCEzYmQJZYrbWwkbUEWZseEUbQje/MuLpHFW8S4q7t15uXqdx1GAQziCE/DgEqpwCzWoA4MQnuEV3pyh8+K8Ox+z1iUnnzmAP3A+fwBQ3Y03</latexit>

+z

<latexit sha1_base64="HmmEXP4Vx2qsvHw6r5t88MvtdlE=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRF0WXRhS4r2Ac0oUymk3boZBJmJkINxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoORte5336gUrFY3OtxQv0IDwQLGcHaSD37MPGQW3M85EVYD2WU3dDWpGdXnKozBVokbkEqUKDRs7+8fkzSiApNOFaq6zqJ9jMsNSOcTspeqmiCyQgPaNdQgSOq/GyafoJOjNJHYSzNExpN1d8bGY6UGkeBmcwzqnkvF//zuqkOL/2MiSTVVJDZoTDlSMcorwL1maRE87EhmEhmsiIyxBITbQormxLc+S8vklat6p5XnbuzSv2qqKMER3AMp+DCBdThFhrQBAKP8Ayv8GY9WS/Wu/UxG12yip0D+APr8wcF7pRR</latexit>

p 120 GeV
<latexit sha1_base64="Kk1WnuNTYiuHAyP9601texsih/Y=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBtIU2ls120y7dbMLuRCihv8GLB0W8+oO8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg6bJsk04z5LZKLbITVcCsV9FCh5O9WcxqHkrXB0O/VbT1wbkagHHKc8iOlAiUgwilbyu6l4dHuVqltzZyDLxCtIFQo0epWvbj9hWcwVMkmN6XhuikFONQom+aTczQxPKRvRAe9YqmjMTZDPjp2QU6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQd5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7YheIsvL5Pmec27rLn3F9X6TRFHCY7hBM7Agyuowx00wAcGAp7hFd4c5bw4787HvHXFKWaO4A+czx908I5z</latexit>

⇡0 <latexit sha1_base64="siklIgqfVgFGDOMmKiXmTp/5fuk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxK+M6Q==</latexit>a
<latexit sha1_base64="siklIgqfVgFGDOMmKiXmTp/5fuk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxK+M6Q==</latexit>a

<latexit sha1_base64="siklIgqfVgFGDOMmKiXmTp/5fuk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUoP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4AxK+M6Q==</latexit>a
⌘/⌘0

<latexit sha1_base64="JAE3RyAQWHBvAO+2DKnj8shz5Fc=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMq6LLoxmUF+4Amlsn0ph06k4SZSaGE/okbF4q49U/c+TdO2iy09cC9HM65l7lzgoQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATju9zvTEAqFkePepqAL8gwYiGjRBupb9seaHKRtycvkUxA3646NWcOvErcglRRgWbf/vIGMU0FRJpyolTPdRLtZ0RqRjnMKl6qICF0TIbQMzQiApSfzS+f4TOjDHAYS1ORxnP190ZGhFJTEZhJQfRILXu5+J/XS3V442csSlINEV08FKYc6xjnMeABk0A1nxpCqGTmVkxHRBKqTVgVE4K7/OVV0q7X3Mta/eGq2rgt4iijE3SKzpGLrlED3aMmaiGKJugZvaI3K7NerHfrYzFasoqdY/QH1ucPZUWTgQ==</latexit>

FIG. 1. Simplified schematic representation of the LBNF beam, DUNE target, and DUNE Near Detector complex
for our study. Protons with 120 GeV energy strike a target that produces copious amounts of SM mesons and,
potentially, axions a. Some fraction of these particles travel in the direction of the Near Detector complex (right)
where the liquid argon time projection chamber (green) and multi-purpose detector (red indicating the gaseous
argon time-projection chamber and blue indicating the electromagnetic calorimeter/magnet) are situated. The
axions can decay in those detectors providing striking signals. The crosses on the ⇡

0 and ⌘/⌘
0 lines indicate that

these particles can directly mix with the axions a. Figure adapted and modified from Ref. [60].

II. PROPERTIES OF A HEAVY AXION

This section details the properties of a heavy axion considered in this work. First, in section IIA, we
introduce such a heavy axion that solves the Strong CP Problem. After discussing the axion Quality
Problem, in Section II B, we demonstrate how such a heavy axion can solve both these problems simulta-
neously and thereby be theoretically well-motivated. After reviewing the theoretical constraints on such
a heavy axion, in Section IIC, we describe the axion properties under benchmark choices of the axion
e↵ective field theory (EFT) to study experimental prospects in the later sections.

Before proceeding, we wish to clarify some definitions and conventions that will be used throughout
this work. The (dimensionful) coupling fa is the axion decay constant that enters as a part of axion
coupling to the CP-odd QCD field strength tensor, responsible for solving the Strong CP problem. We
will also occasionally use the quantity fG = 4⇡2

fa, which is adopted in some phenomenological studies
of heavy axions in the literature. Finally, since production rates and decay widths of a are typically
inversely-proportional to fa and fG, we will often use the coupling gagg = f

�1

G so that these rates/widths
are proportional to positive powers of gagg, which also allows for more transparent comparisons between
our projections and those in the literature.

A. The Strong CP and the Quality Problem

As defined, the QCD axion has a gluonic coupling (for a recent review see [63])

L �
↵3

8⇡

✓
✓̄ +

a(x)

fa

◆
G

a
µ⌫G̃

a,µ⌫
, (1)

through which it solves the Strong CP Problem dynamically. This can be seen explicitly by considering
the QCD-generated axion potential [3, 5, 64]

V ⇡ �m
2

⇡f
2

⇡
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1 �
4mumd

(mu +md)2
sin2

✓
a(x)

2fa
+
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2

◆
. (2)

As the axion dynamically relaxes to its minima at hai = �✓̄fa, it makes the e↵ective ✓̄ parameter vanish
– solving the Strong CP Problem and explaining the smallness of the (as-yet unobserved) neutron electric
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Intensity Frontier: Bounds from Beam-dump

Example: DUNE (Also could be MiniBooNE, microBooNE etc.)
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<latexit sha1_base64="le1p97ADpmg07/aD8WDUwTgnUj0=">AAAB9HicdVDLSgNBEJyNrxhfUY9eBoPgKcwENZtbwIvHCOYByRJmJ5NkyOzDmd5AWPIdXjwo4tWP8ebfOJtEUNGChqKqm+4uP1bSACEfTm5tfWNzK79d2Nnd2z8oHh61TJRoLpo8UpHu+MwIJUPRBAlKdGItWOAr0fYn15nfngptZBTewSwWXsBGoRxKzsBKXg/GAlg/Zb1YzvvFEikTQiilOCO0ekUsqdXcCnUxzSyLElqh0S++9wYRTwIRAlfMmC4lMXgp0yC5EvNCLzEiZnzCRqJracgCYbx0cfQcn1llgIeRthUCXqjfJ1IWGDMLfNsZMBib314m/uV1Exi6XirDOAER8uWiYaIwRDhLAA+kFhzUzBLGtbS3Yj5mmnGwORVsCF+f4v9Jq1Kml2Vye1Gqu6s48ugEnaJzRFEV1dENaqAm4ugePaAn9OxMnUfnxXldtuac1cwx+gHn7RN7F5KL</latexit>

✓a⇡

<latexit sha1_base64="bUL3xMZCg7UbciwiAVCJaghZeo4=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KklRO90V3LisYB/QjiWTpm1o5kFyRylD/8ONC0Xc+i/u/BszbQUVPXC5h3PuJTfHj5U0QMiHk1tZXVvfyG8WtrZ3dveK+wctEyWaiyaPVKQ7PjNCyVA0QYISnVgLFvhKtP3JZea374Q2MgpvYBoLL2CjUA4lZ2Cl2x6MBbB+ynq2zfrFEikTQiilOCO0ekEsqdXcCnUxzSyLElqi0S++9wYRTwIRAlfMmC4lMXgp0yC5ErNCLzEiZnzCRqJracgCYbx0fvUMn1hlgIeRthUCnqvfN1IWGDMNfDsZMBib314m/uV1Exi6XirDOAER8sVDw0RhiHAWAR5ILTioqSWMa2lvxXzMNONggyrYEL5+iv8nrUqZnpfJ9Vmp7i7jyKMjdIxOEUVVVEdXqIGaiCONHtATenbunUfnxXldjOac5c4h+gHn7RM4XpL2</latexit>

✓a⌘

K. Kelly, S. Kumar, Z. Liu: 2011.05995
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MeV-GeV region open! Technically Challenging

<latexit sha1_base64="w0cnkS5N21X19kDj8jVW1zbzx1Y=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCq5IU6WNXcOOygn1AOwyZNNOGJjNDkhHKUDf+ihsXirj1L9z5N2baCip6IOHknHu5uSdIBNcGoQ9nZXVtfWOzsFXc3tnd23cPDjs6ThVlbRqLWPUCopngEWsbbgTrJYoRGQjWDSaXud+9ZUrzOLox04R5kowiHnJKjJV891j6g4TDcH4PNJdQ+sQ+ie+WUBkhhDGGOcG1KrKk0ahXcB3i3LIogSVavvs+GMY0lSwyVBCt+xglxsuIMpwKNisOUs0SQidkxPqWRkQy7WXzDWbwzCpDGMbKnsjAufq9IyNS66kMbKUkZqx/e7n4l9dPTVj3Mh4lqWERXQwKUwFNDPM44JArRo2YWkKo4vavkI6JItTY0Io2hK9N4f+kUynjahldX5SalWUcBXACTsE5wKAGmuAKtEAbUHAHHsATeHbunUfnxXldlK44y54j8APO2yd38JY5</latexit>

m⇡
f⇡

⇠ ma
fa
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<latexit sha1_base64="w0cnkS5N21X19kDj8jVW1zbzx1Y=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCq5IU6WNXcOOygn1AOwyZNNOGJjNDkhHKUDf+ihsXirj1L9z5N2baCip6IOHknHu5uSdIBNcGoQ9nZXVtfWOzsFXc3tnd23cPDjs6ThVlbRqLWPUCopngEWsbbgTrJYoRGQjWDSaXud+9ZUrzOLox04R5kowiHnJKjJV891j6g4TDcH4PNJdQ+sQ+ie+WUBkhhDGGOcG1KrKk0ahXcB3i3LIogSVavvs+GMY0lSwyVBCt+xglxsuIMpwKNisOUs0SQidkxPqWRkQy7WXzDWbwzCpDGMbKnsjAufq9IyNS66kMbKUkZqx/e7n4l9dPTVj3Mh4lqWERXQwKUwFNDPM44JArRo2YWkKo4vavkI6JItTY0Io2hK9N4f+kUynjahldX5SalWUcBXACTsE5wKAGmuAKtEAbUHAHHsATeHbunUfnxXldlK44y54j8APO2yd38JY5</latexit>

m⇡
f⇡

⇠ ma
fa

<latexit sha1_base64="gh1KPbqgE49d5eAp8/SYgER2Dno=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqsyI1rqy4MZlBfuAdiiZNNOGZjJDckcopR/hxoUibv0ed/6NaTtCFT0QOJxzL7nnBIkUBl3308mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzWw9cGxGrexwn3I/oQIlQMIpWagVdjIm57hVLbtmdgyyRC9e7qnjEy5QSZKj3ih/dfszSiCtkkhrT8dwE/QnVKJjk00I3NTyhbEQHvGOpohE3/mR+7pScWKVPwljbp5DM1eWNCY2MGUeBnYwoDs1vbyb+5XVSDKv+RKgkRa7Y4qMwlcRmnGUnfaE5Qzm2hDIt7K2EDammDG1DBVvCd1LyP2melb1K2b07L9WqWR15OIJjOAUPLqEGt1CHBjAYwSM8w4uTOE/Oq/O2GM052c4h/IDz/gXp8Y9E</latexit>

b ! s?
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<latexit sha1_base64="w0cnkS5N21X19kDj8jVW1zbzx1Y=">AAACAXicdVDLSgMxFM34rPU16kZwEyyCq5IU6WNXcOOygn1AOwyZNNOGJjNDkhHKUDf+ihsXirj1L9z5N2baCip6IOHknHu5uSdIBNcGoQ9nZXVtfWOzsFXc3tnd23cPDjs6ThVlbRqLWPUCopngEWsbbgTrJYoRGQjWDSaXud+9ZUrzOLox04R5kowiHnJKjJV891j6g4TDcH4PNJdQ+sQ+ie+WUBkhhDGGOcG1KrKk0ahXcB3i3LIogSVavvs+GMY0lSwyVBCt+xglxsuIMpwKNisOUs0SQidkxPqWRkQy7WXzDWbwzCpDGMbKnsjAufq9IyNS66kMbKUkZqx/e7n4l9dPTVj3Mh4lqWERXQwKUwFNDPM44JArRo2YWkKo4vavkI6JItTY0Io2hK9N4f+kUynjahldX5SalWUcBXACTsE5wKAGmuAKtEAbUHAHHsATeHbunUfnxXldlK44y54j8APO2yd38JY5</latexit>

m⇡
f⇡

⇠ ma
fa

<latexit sha1_base64="gh1KPbqgE49d5eAp8/SYgER2Dno=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqsyI1rqy4MZlBfuAdiiZNNOGZjJDckcopR/hxoUibv0ed/6NaTtCFT0QOJxzL7nnBIkUBl3308mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzWw9cGxGrexwn3I/oQIlQMIpWagVdjIm57hVLbtmdgyyRC9e7qnjEy5QSZKj3ih/dfszSiCtkkhrT8dwE/QnVKJjk00I3NTyhbEQHvGOpohE3/mR+7pScWKVPwljbp5DM1eWNCY2MGUeBnYwoDs1vbyb+5XVSDKv+RKgkRa7Y4qMwlcRmnGUnfaE5Qzm2hDIt7K2EDammDG1DBVvCd1LyP2melb1K2b07L9WqWR15OIJjOAUPLqEGt1CHBjAYwSM8w4uTOE/Oq/O2GM052c4h/IDz/gXp8Y9E</latexit>

b ! s?

 Recall, the chiral Lagrangian for matching
<latexit sha1_base64="ShudFHR1XbPj3Pdvs5jpXNV7cbo="></latexit>

L�PT � f2
⇡

8
Tr

⇥
Dµ⌃ Dµ⌃

†⇤+ f2
⇡

4
2B0 Tr

h
⌃

ˆM†
q + M̂q⌃

†
i
+ ....

 Infinite number of operators beyond LO
<latexit sha1_base64="URnOkF+im3PQ/4XIDL68mmX41O8="></latexit>✓
@

⇤

◆n

: ⇤ ⇠ 4⇡f⇡ ⇠ 1 GeV

Breaks down for momentum for p>1 GeV 


