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EDMs provide among the most stringent constraints on new physics

Neutron 

Electric Dipole Moment

Electron 

Electric Dipole Moment
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< 10−26 e cm

<latexit sha1_base64="cQaqRCG7F+P1gJZUhc42yehJV0A=">AAACCXicbVA9SwNBEN3zM8avqKXNYhBsDHci0TJoYxnBfEAuhr3NJFmyt3fszgnhktbGv2JjoYit/8DOf+Pmo9DEBwOP92aYmRfEUhh03W9naXlldW09s5Hd3Nre2c3t7VdNlGgOFR7JSNcDZkAKBRUUKKEea2BhIKEW9K/Hfu0BtBGRusNBDM2QdZXoCM7QSq0cHfpGKD9g2sceIBv6EowxIvTc+/TUc0etXN4tuBPQReLNSJ7MUG7lvvx2xJMQFHLJjGl4bozNlGkUXMIo6ycGYsb7rAsNSxULwTTTyScjemyVNu1E2pZCOlF/T6QsNGYQBrYzZNgz895Y/M9rJNi5bKZCxQmC4tNFnURSjOg4FtoWGjjKgSWMa2FvpbzHNONow8vaELz5lxdJ9azgFQvF2/N86WoWR4YckiNyQjxyQUrkhpRJhXDySJ7JK3lznpwX5935mLYuObOZA/IHzucPh5WaOA==</latexit>

| sin ✓̄| . 10�10

<latexit sha1_base64="EhSLWNUnzMjvF06FvyhlLi8vBpo="></latexit>
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Abel et al. (2020)

Bounds will improve by 10-100 (proton up to 1000)!!!

Strong sensitivity to new physics

Within the SM:
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Usually less relevant

(after flavor constraints) My focus

Virtually all BSM scenarios predict more CP-violation

<latexit sha1_base64="xnRKli/0TBSKGdUd3F9izQJGuyA="></latexit>

L � cW
g
3
s

g2⇤m
2
⇤
GG eG+ cijkl

g
2
⇤

m2
⇤
qi�qk qi�ql + cij

g⇤
m2

⇤
qiH�

µ⌫
qj gV Vµ⌫



Luca Vecchi     Luca Vecchi                                                                                                          A strange contribution to the neutron EDM

EFT for the light flavors ( ) at  i, j = u, d, s ΛUV < mc

<latexit sha1_base64="EPjUGOBF6RrO3ZNyTZ9xwU2hNmU=">AAACF3icbVDLSsNAFJ34rPUVdekmWARBCIlIdSMUBHFZoS9oY5hMpu3QySTMQygh4Ee48VfcuFDEre78GydtEG09MHAed5i5J0goEdJxvoyFxaXlldXSWnl9Y3Nr29zZbYlYcYSbKKYx7wRQYEoYbkoiKe4kHMMooLgdjC7zvH2HuSAxa8hxgr0IDhjpEwSltnzTDn12MfDTBstuVeinKjsuVKhV+KOEViIr+2bFsZ0JrHniFqQCCtR987MXxkhFmElEoRBd10mkl0IuCaI4K/eUwAlEIzjAXU0ZjLDw0slemXWondDqx1wfJq2J+/tGCiMhxlGgJyMoh2I2y83/sq6S/XMvJSxREjM0faivqCVjKy/JCgnHSNKxJhBxov9qoSHkEEldZV6CO7vyPGmd2G7Vrt6cVmpX99M6SmAfHIAj4IIzUAPXoA6aAIEH8ARewKvxaDwbb8b7dHTBKCrcA39gfHwDihuhNw==</latexit>

dn = guTndu + gdTndd + gsTnds

<latexit sha1_base64="0+BHplAb55ujYZyawsdUyDslbt8="></latexit>
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<latexit sha1_base64="vhzkV7+5QJkYzrvVJ9iajDbtkp8="></latexit>
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4
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µ⌫G
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µDµqi � (qimijPRqj + hc)

Real

Single insertion of quark EDM, all orders in QCD
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<latexit sha1_base64="b5bqIklX8PJNuZULyKzP1OrLV/s="></latexit>

�

Valence quark
<latexit sha1_base64="wfJOovzA08hBiQ2UWlkV1KmlfLQ="></latexit><latexit sha1_base64="MUosQhnz+pe/xYwjgrIhihpRJTw="></latexit>

Sea quark

(At large N one has 1/N) 

<latexit sha1_base64="hvuQ52jFRPyfdcvQQWoI8F+h8hE="></latexit>
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However…

Pospelov-Ritz (2005)

Alarcon et al (2022)

Pospelov-Ritz (2025)

Bhattacharya et al (2025)
Alexandrou et al (2025)

Strange quark?
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Current status 


• Theory models (non-relativistic quark model, QCD sum-rules)                                   
, 


• Lattice                                                                                                                        
,  (numerical noise)

gd
Tn = − 4gu

Tn gs
Tn = 0

gd
Tn = − 3.8gu

Tn gs
Tn = 𝒪(10−3)

<latexit sha1_base64="EPjUGOBF6RrO3ZNyTZ9xwU2hNmU=">AAACF3icbVDLSsNAFJ34rPUVdekmWARBCIlIdSMUBHFZoS9oY5hMpu3QySTMQygh4Ee48VfcuFDEre78GydtEG09MHAed5i5J0goEdJxvoyFxaXlldXSWnl9Y3Nr29zZbYlYcYSbKKYx7wRQYEoYbkoiKe4kHMMooLgdjC7zvH2HuSAxa8hxgr0IDhjpEwSltnzTDn12MfDTBstuVeinKjsuVKhV+KOEViIr+2bFsZ0JrHniFqQCCtR987MXxkhFmElEoRBd10mkl0IuCaI4K/eUwAlEIzjAXU0ZjLDw0slemXWondDqx1wfJq2J+/tGCiMhxlGgJyMoh2I2y83/sq6S/XMvJSxREjM0faivqCVjKy/JCgnHSNKxJhBxov9qoSHkEEldZV6CO7vyPGmd2G7Vrt6cVmpX99M6SmAfHIAj4IIzUAPXoA6aAIEH8ARewKvxaDwbb8b7dHTBKCrcA39gfHwDihuhNw==</latexit>

dn = guTndu + gdTndd + gsTnds

In both: 

 


& .
gd

Tn/gu
Tn ≈ − 4

gs
Tn ≈ 0

Does NDA fail?!
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In typical scenarios beyond the Standard Model

<latexit sha1_base64="sSS4wWJi4lV17ZlVogwv//Ur+AU=">AAACHnicbZBNS8MwHMbT+TbnW9Wjl+IQxMNoh06PA0E8TnAvsNaSpukWl7QlSQejFPweXvwqXjwoInjSb2PW7qCbfwg8PM8Tkv/PiykR0jS/tdLS8srqWnm9srG5tb2j7+51RJRwhNsoohHveVBgSkLclkRS3Is5hsyjuOuNLqd5d4y5IFF4KycxdhgchCQgCEplufqZ76bkPrMFYXbAIUoH7sldPUuthh0TJQpzkpfGWcryFLt61ayZ+RiLwpqJKphNy9U/bT9CCcOhRBQK0bfMWDop5JIgirOKnQgcQzSCA9xXMoQMCyfN18uMI+X4RhBxdUJp5O7vGylkQkyYp5oMyqGYz6bmf1k/kcGFk5IwTiQOUfFQkFBDRsaUleETjpGkEyUg4kT91UBDqIBIRbSiIFjzKy+KTr1mNWqNm9Nq8+qhwFEGB+AQHAMLnIMmuAYt0AYIPIJn8AretCftRXvXPopqSZsh3Ad/Rvv6Ad3Mo/8=</latexit>
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yijv
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⇤
e

<latexit sha1_base64="3lDgN1QzdGhO64lFqqG76lSRC74=">AAACEnicbVBNS8NAEN3Ur1q/qh69BIugoCURqR4FQTxWsK3Q1LLZTHXpZhN3J2KJEf+BF/+KFw+KePXkzX/j9uPg14OBx3szzMzzY8E1Os6nlRsbn5icyk8XZmbn5heKi0t1HSWKQY1FIlKnPtUguIQachRwGiugoS+g4XcP+n7jCpTmkTzBXgytkJ5L3uGMopHaxY2boC1vPAGXbnnPQx6Cdp2zdGu7kt2Ct5l6CNeYsjDL2sWSU3YGsP8Sd0RKZIRqu/jhBRFLQpDIBNW66ToxtlKqkDMBWcFLNMSUdek5NA2V1OxupYOXMnvNKIHdiZQpifZA/T6R0lDrXuibzpDihf7t9cX/vGaCnb1WymWcIEg2XNRJhI2R3c/HDrgChqJnCGWKm1ttdkEVZWhSLJgQ3N8v/yX17bJbKVeOd0r7h3fDOPJkhaySdeKSXbJPjkiV1Agj9+SRPJMX68F6sl6tt2FrzhpFuEx+wHr/Ajp3nkg=</latexit>

|dn|  1.8⇥ 10�26 e cm

Strange dominates if !!!gs
Tn/gu,d

Tn ≳ 0.05

<latexit sha1_base64="yfmsnTSAsS0FeFqZ61IuwbVH7wI=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgadkVUY9BLx4jmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e4KUik0Os63VVpZXVvfKG9WtrZ3dveq+wctnWSKQ5MnMlGdgGmQIoYmCpTQSRWwKJDQDkY3U7/9CEqLJL7HcQp+xAaxCAVnaKQHT0KItqfEYIjepFetObYzA10mbkFqpECjV/3y+gnPIoiRS6Z113VS9HOmUHAJk4qXaUgZH7EBdA2NWQTaz2dXT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOXnIk4zhJjPF4WZpJjQaQS0LxRwlGNDGFfC3Er5kCnG0QRVMSG4iy8vk9aZ7V7Y53fntfp1EUeZHJFjckpccknq5JY0SJNwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AJkVkpc=</latexit>

}
<latexit sha1_base64="OyBmvZZ9HEje9Ooq37wiE/pP9Pw=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoipbosuNFdBfuAJoTJdNIOnUnCzEQoIeCvuHGhiFu/w51/4/Sx0NYD93I4517mzglTzpR2nG+rtLa+sblV3q7s7O7tH9iHRx2VZJLQNkl4InshVpSzmLY105z2UkmxCDnthuObqd99pFKxJH7Qk5T6Ag9jFjGCtZEC+8SLJCa5CFRhWlZ4iom6E9hVp+bMgFaJuyBVWKAV2F/eICGZoLEmHCvVd51U+zmWmhFOi4qXKZpiMsZD2jc0xoIqP5+dX6BzowxQlEhTsUYz9fdGjoVSExGaSYH1SC17U/E/r5/p6NrPWZxmmsZk/lCUcaQTNM0CDZikRPOJIZhIZm5FZIRNHtokVjEhuMtfXiWdy5rbqDXu69Xm3SKOMpzCGVyAC1fQhFtoQRsI5PAMr/BmPVkv1rv1MR8tWYudY/gD6/MHtbqWAA==</latexit>ms

mu
⇠ 40

mij

<latexit sha1_base64="8aWyghGqLcRHY989tIfWBAVF95k=">AAACFXicbVDLSgMxFM34tr6qLt0EiyAiZUZEXQpudKfQVqGtQya9HYNJZkzuiGUYP8KNv+LGhSJuBXf+jWntwteBwMk555LcE6VSWPT9D29kdGx8YnJqujQzOze/UF5catgkMxzqPJGJOYuYBSk01FGghLPUAFORhNPo8qDvn16DsSLRNeyl0FYs1qIrOEMnheVNFW60YnQBtbVNY3exVwbzOMxruji3xW3eQrjBvAaNogjLFb/qD0D/kmBIKmSI47D83uokPFOgkUtmbTPwU2znzKDgEopSK7OQMn7JYmg6qpkC284HWxV0zSkd2k2MOxrpQP0+kTNlbU9FLqkYXtjfXl/8z2tm2N1r50KnGYLmXw91M0kxof2KaEcY4Ch7jjBuhPsr5RfMMI6uyJIrIfi98l/S2KoGO9Wdk+3K/tGwjimyQlbJOgnILtknh+SY1Aknd+SBPJFn79579F6816/oiDecWSY/4L19Ara8n+A=</latexit>

m⇤ & 24g⇤
p

gsTn TeV

<latexit sha1_base64="FILxpAjYHMAYOlUbNNEr4s0zhHQ=">AAACFHicbVDLThsxFPVAgRBeKSzZWI2QEEjRDKKhy0jdlF2Q8pKSMPI4N4OF7ZnadxDRaPoP3fRXumFBVbFlwa5/U+ex4HUkS0fnnKvre6JUCou+/89bWv6wsrpWWi9vbG5t71Q+7nZskhkObZ7IxPQiZkEKDW0UKKGXGmAqktCNrr9O/e4NGCsS3cJJCkPFYi3GgjN0Ulg5VuHRIEYXUJ9p7Lj9bjCPw7yli8tR8SMfINxi3oJOUYSVql/zZ6BvSbAgVbJAM6w8DUYJzxRo5JJZ2w/8FIc5Myi4hKI8yCykjF+zGPqOaqbADvPZUQU9cMqIjhPjnkY6U59P5ExZO1GRSyqGV/a1NxXf8/oZjr8Mc6HTDEHz+aJxJikmdNoQHQkDHOXEEcaNcH+l/IoZxtH1WHYlBK9Pfks6J7WgXqtfnFYb54s6SmSffCKHJCBnpEG+kSZpE05+kt/knvzxfnl33l/vYR5d8hYze+QFvMf/JVmflg==</latexit>

m⇤ & 5g⇤

q
gdTn TeV

<latexit sha1_base64="YbmJc5IvibGL/X5USxJCHl6ufW0=">AAACFHicbVDLSgMxFM34tr6qLt0EiyAKZUZEXQpudKfQVqGtQya9HYNJZkzuiGUY/8GNv+LGhSJuXbjzb0xrF74OBA7nnMvNPVEqhUXf//BGRsfGJyanpkszs3PzC+XFpYZNMsOhzhOZmLOIWZBCQx0FSjhLDTAVSTiNLg/6/uk1GCsSXcNeCm3FYi26gjN0UljeVOFGK0YXUNs0dtxeGczjMK/p4jwrbvMWwg3mNWgURViu+FV/APqXBENSIUMch+X3VifhmQKNXDJrm4GfYjtnBgWXUJRamYWU8UsWQ9NRzRTYdj44qqBrTunQbmLc00gH6veJnClreypyScXwwv72+uJ/XjPD7l47FzrNEDT/WtTNJMWE9huiHWGAo+w5wrgR7q+UXzDDOLoeS66E4PfJf0ljqxrsVHdOtiv7R8M6psgKWSXrJCC7ZJ8ckmNSJ5zckQfyRJ69e+/Re/Fev6Ij3nBmmfyA9/YJPmefpg==</latexit>

m⇤ & 4g⇤
p

guTn TeV



What is going on?!
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In QCD, all diagrams involving  are strongly IR-sensitive.ds

Example: the loop requires a chirality-flip…

<latexit sha1_base64="ulLMy1rd8CYrkgOxsDA3E8xxsdI="></latexit>

dn / Tr[dm†]⇥ 1

⇤IR

<latexit sha1_base64="MUosQhnz+pe/xYwjgrIhihpRJTw="></latexit>
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<latexit sha1_base64="HBVDKpuaut0/SJiX/j9X3R0G86c=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkQxDJCXpBdw+zsTTJk9sHMXTEsASsbf8XGQhFb/8DOv3HyKDR64MLhnHuZOcdPpNBo219Wbml5ZXUtv17Y2Nza3inu7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH15M/NYtKC3iqI6jBLyQ9SPRE5yhkbpF6iYqTjCmmYtwh1ldjcedgDZu3ID1+6C8brFkl+0p6F/izEmJzFHrFj/dIOZpCBFyybTuOHaCXsYUCi5hXHBTDQnjQ9aHjqERC0F72TTJmB4ZJaC9WJmJkE7VnxcZC7Uehb7ZDBkO9KI3Ef/zOin2zr1MREmKEPHZQ71UUpN8UgsNhAKOcmQI40qYv1I+YIpxNOUVTAnOYuS/pHlSdirlyvVpqXp5P6sjTw7IITkmDjkjVXJFaqRBOHkgT+SFvFqP1rP1Zr3PVnPWvMJ98gvWxzdOSZsm</latexit>

/ Tr[dU †]
<latexit sha1_base64="u3syE/ztLBjWNu0tRNAGugo6gIQ=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkQxDJCXpBdw+zsTTJk9sHMXTEsASsbf8XGQhFb/8DOv3HyKDR64MLhnHuZOcdPpNBo219Wbml5ZXUtv17Y2Nza3inu7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH15M/NYtKC3iqI6jBLyQ9SPRE5yhkbpF6iYqTjCmmYtwh1ldjcedgIY3bsD6fVBet1iyy/YU9C9x5qRE5qh1i59uEPM0hAi5ZFp3HDtBL2MKBZcwLriphoTxIetDx9CIhaC9bJpkTI+MEtBerMxESKfqz4uMhVqPQt9shgwHetGbiP95nRR7514moiRFiPjsoV4qqUk+qYUGQgFHOTKEcSXMXykfMMU4mvIKpgRnMfJf0jwpO5Vy5fq0VL28n9WRJwfkkBwTh5yRKrkiNdIgnDyQJ/JCXq1H69l6s95nqzlrXuE++QXr4xtzgZs+</latexit>

/ Tr[dm†]

Two types of contributions of ds

Not included in matching lattice to continuum

(only multiplicative renormalization)

Visible within perturbation 
theory with IR cutoff


Genuine non-perturbative:

chiral condensate



A Wilsonian view 
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<latexit sha1_base64="Wrn1T0f0vufUczZloOe7pMrvO/E="></latexit>

L⇤UV � dij
2
qii�

µ⌫�5qj Fµ⌫-

-

ΛUV

Λ < ΛUV
Hadronic scale <latexit sha1_base64="cO4A+YSHgwVXjsfwJ9+CvTs4ysU="></latexit>

L⇤ � dij
2
qii�

µ⌫�5qj Fµ⌫

<latexit sha1_base64="lF2ZBMByn+h/qjzDBieQG1sdWDM="></latexit>

+
g4

⇤6

✓
g2

16⇡2

◆n

[dmnqmPRqn][qjPLqi][qii�
µ⌫PRqj ]Fµ⌫ + hc

<latexit sha1_base64="C/kTvJIoR2V2+5DF7BX3DZCLXms=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8BQTxGMA9IljA7O5sMmZ1dZnqFsAT8BS8eFPHq93jzb5w8DppY0FBUddPdFaRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2SacYbLJGJbgfUcCkUb6BAydup5jQOJG8Fw5uJ33rk2ohEPeAo5X5M+0pEglG0Uuu8y8IETa9UdivuFGSZeHNShjnqvdJXN0xYFnOFTFJjOp6bop9TjYJJPi52M8NTyoa0zzuWKhpz4+fTc8fk1CohiRJtSyGZqr8nchobM4oD2xlTHJhFbyL+53UyjK79XKg0Q67YbFGUSYIJmfxOQqE5QzmyhDIt7K2EDaimDG1CRRuCt/jyMmleVLxqpXp/Wa7dPs3iKMAxnMAZeHAFNbiDOjSAwRCe4RXenNR5cd6dj1nrijOP8Aj+wPn8AUBIj/M=</latexit>

+ · · · SU(3)-universal EDM 
proportional to ds

<latexit sha1_base64="nbco+uJ5KJu3LjVBm/AzyW86IY8="></latexit>

/ Tr[dU †]Tr[qLi�
µ⌫UqR]

<latexit sha1_base64="cBBe02R7tMTo4RIl9L5i6jXA4pQ="></latexit>

dn ⇠ ds
g4s
⇤6

✓
g2s

16⇡2

◆n

hqqi2 ! O(1)ds

NDA (need to 
check)

<latexit sha1_base64="8A6j3d+PTLV86i2ZFriO2a4ad4M=">AAACB3icbZBLS8NAFIUn9VXrK+pSkGARXJVEpLosVMSFixbsA5oQJpNJO3TyYOZGLCHgwo1/xY0LRdz6F9z5b5w+Ftp6YeDjnDPM3OMlnEkwzW+tsLS8srpWXC9tbG5t7+i7e20Zp4LQFol5LLoelpSziLaAAafdRFAcepx2vGF97HfuqJAsjm5hlFAnxP2IBYxgUJKrH9o3KuxjG+IZuZkN9B6yZv0yz129bFbMyRiLYM2gjGbTcPUv249JGtIICMdS9iwzASfDAhjhNC/ZqaQJJkPcpz2FEQ6pdLLJHrlxrBTfCGKhTgTGRP19I8OhlKPQU8kQw0DOe2PxP6+XQnDhZCxKUqARmT4UpNyA2BiXYvhMUAJ8pAATwdRfDTLAAhNQ1ZVUCdb8yovQPq1Y1Uq1eVauXT1M6yiiA3SETpCFzlENXaMGaiGCHtEzekVv2pP2or1rH9NoQZtVuI/+jPb5A37mmic=</latexit>

⇤ ! ⇤QCD



More quantitative approach:

the Non-Relativistic Quark Model
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Non-relativistic Quark Model 

<latexit sha1_base64="gorQK7zyCH5yYo5f4oQU56QVjiA="></latexit>

|n; NRi = 1

3
p
2
[|ddui (2|++�i � |+�+i � |�++i)] + sym

<latexit sha1_base64="ciEoP30usMBoWUJuxXFk1C8yBUc="></latexit>

dn|NRQM = hn; NR|d ⌦ �3|n; NRi = �1

3
du +

4

3
dd 

Need a map between  (constituent) and  (bare)…dψ dij

Quarks are non-relativistic ⇔ Constituent quarks!
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Georgi-Manohar (1984)

<latexit sha1_base64="dF3Xp2d0SbtKiiGCNPUwchO8KMs="></latexit>

L�QM = �1

4
GA

µ⌫G
Aµ⌫ +  i�µrµ �m   

<latexit sha1_base64="zUXdLN8G5eIWxctwLsrQJhfc+i8="></latexit>

+
f2
⇡

4
Tr[@µU@

µU †] + b⇤�f
2
⇡Tr[mU † + hc] + gA �

µ�5Aµ + · · ·

<latexit sha1_base64="rroccQrsGam9vGYRruaFqGcB6/Q="></latexit>

Aµ =
i

2

�
⇠@µ⇠

† � ⇠†@µ⇠
�
.

<latexit sha1_base64="BKWdzWz3rgR72oAb3UMOEmG3syI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Eghe9VXDbQruUbJptQ7PJmmTFsvRPePGgiFf/jjf/jWm7B219JPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR9dTv/VIlWZS3JtxQoMYDwSLGMHGSm3/qvvE7OuVK27VnQEtEy8nFcjR6JW/un1J0pgKQzjWuuO5iQkyrAwjnE5K3VTTBJMRHtCOpQLHVAfZbN8JOrFKH0VS2S8Mmqm/OzIcaz2OQ1sZYzPUi95U/M/rpCa6DDImktRQQeaDopQjI9H0eNRnihLDx5ZgopjdFZEhVpgYG1HJhuAtnrxMmmdVr1at3Z1X6rd5HEU4gmM4BQ8uoA430AAfCHB4hld4cx6cF+fd+ZiXFpy85xD+wPn8AeC/j+g=</latexit>

U = ⇠⇠

The Chiral Quark Model 

Constituent quarks

<latexit sha1_base64="dLqNm7CCHWPUSdLo6YQlAEYKRbk=">AAACCXicbVDLSsNAFL3xWesr6tLNYBHqpiQq1WXBjYKL+khbaEOYTCft0MmDmYlQQrdu/BU3LhRx6x+482+ctllo64GBc8+5lzv3+AlnUlnWt7GwuLS8slpYK65vbG5tmzu7DRmnglCHxDwWLR9LyllEHcUUp61EUBz6nDb9wcXYbz5QIVkc3athQt0Q9yIWMIKVljwT3TnlkyPvuqNYSGVe3XZUnNOGZ5asijUBmid2TkqQo+6ZX51uTNKQRopwLGXbthLlZlgoRjgdFTuppAkmA9yjbU0jrPe62eSSETrUShcFsdAvUmii/p7IcCjlMPR1Z4hVX856Y/E/r52q4NzNWJSkikZkuihIOdKHjmNBXSYoUXyoCSaC6b8i0scCE6XDK+oQ7NmT50njuGJXK9Wb01LtKo+jAPtwAGWw4QxqcAl1cIDAIzzDK7wZT8aL8W58TFsXjHxmD/7A+PwBRD2Xjw==</latexit>

SU(3)L ⇥ SU(3)R ! SU(3)V -
- <latexit sha1_base64="ZVqQ4mc41sEKew3/C8QrM4f5/yQ=">AAACCnicbVA9SwNBEN2LXzF+RS1tToNgFfY0qGXARgtBwUQhF8LeZk6X7N4du3NiOM7Wxr9iY6GIrb/Azn/jJqbQxAcDj/dmmJkXJFIYpPTLKUxNz8zOFedLC4tLyyvl1bWmiVPNocFjGeurgBmQIoIGCpRwlWhgKpBwGfSOBv7lLWgj4ugC+wm0FbuORCg4Qyt1ypuq4ydG+EaoPUr9rritUXqf+Qh3mJ1CM8875Qqt0iHcSeKNSIWMcNYpf/rdmKcKIuSSGdPyaILtjGkUXEJe8lMDCeM9dg0tSyOmwLSz4Su5u22VrhvG2laE7lD9PZExZUxfBbZTMbwx495A/M9rpRgetjMRJSlCxH8Whal0MXYHubhdoYGj7FvCuBb2VpffMM042vRKNgRv/OVJ0tytevvV/fNapX4yiqNINsgW2SEeOSB1ckzOSINw8kCeyAt5dR6dZ+fNef9pLTijmXXyB87HN/damn0=</latexit>

m ⇠ 300÷ 400 MeV

<latexit sha1_base64="jLUNze2aFbnAYIcspzu1DDkaTkI=">AAACGXicbVDLSgMxFM34rPU16tJNsAiuyoxIdSm4UMFFBdsKnWHIpHdsMPMwuSOWYX7Djb/ixoUiLnXl35g+Fr4OJBzOOZfknjCTQqPjfFpT0zOzc/OVheri0vLKqr223tZprji0eCpTdRkyDVIk0EKBEi4zBSwOJXTC66Oh37kFpUWaXOAgAz9mV4mIBGdopMB2vDMT7rHA433hwU0ubos9LxM0CsxdelrEbuEh3GFxDO2yrAZ2zak7I9C/xJ2QGpmgGdjvXi/leQwJcsm07rpOhn7BFAouoax6uYaM8Wt2BV1DExaD9ovRZiXdNkqPRqkyJ0E6Ur9PFCzWehCHJhkz7Ovf3lD8z+vmGB34hUiyHCHh44eiXFJM6bAm2hMKOMqBIYwrYf5KeZ8pxtGUOSzB/b3yX9LerbuNeuN8r3Z4OqmjQjbJFtkhLtknh+SENEmLcHJPHskzebEerCfr1XobR6esycwG+QHr4ws/HaEd</latexit>

⇤� ⌘ 4⇡f⇡ ⇠ 1GeV
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<latexit sha1_base64="6dnb/6OTFFvjniupwTIZoPed+qk="></latexit>

d̂ =
1

2

�
⇠†d⇠† + ⇠d†⇠

�
= d�⇧d⇧� 1

2

�
⇧2d+ d⇧2

�
+ · · ·

<latexit sha1_base64="p7LgLcSw4xBmc9/+L/MDeZ3LJk8="></latexit>

[d̂ ]ij = c1[d̂]ij + c2Tr[d̂] �ij

<latexit sha1_base64="GLD+d6o9b6D16sxoqpCnKSbg1mU="></latexit>

L�QM � � i

2
 d̂ �

µ⌫�5 Fµ⌫

Dipoles for the Chiral Quarks, compatible with the full chiral symmetry

Obvious valence quark 
contribution

Flavor-universal contribution

proportional to the condensate

<latexit sha1_base64="nbco+uJ5KJu3LjVBm/AzyW86IY8="></latexit>

/ Tr[dU †]Tr[qLi�
µ⌫UqR]

<latexit sha1_base64="x2ZCRtOJsiNwNoA0+9PX/44wb7g="></latexit>

/ Tr[qL�
µ⌫d qR]
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<latexit sha1_base64="7focvBjoivb8bzY0mt3dawzD7L0="></latexit>

Valence Valence
Strange

Kaon

<latexit sha1_base64="mKgKF5ws2H0rWJUJrSk1iQ/7f9I=">AAACGXicbZBNS8MwHMbT+TbnW9Wjl+IQPEhpVabHgSAeJ+wN1lnSNN3C0rQk6WB0BT+FF7+KFw+KeNST38Z0G6KbDwR+PM8/JP/HiykR0rK+tMLS8srqWnG9tLG5tb2j7+41RZRwhBsoohFve1BgShhuSCIpbsccw9CjuOUNrvK8NcRckIjV5SjG3RD2GAkIglJZrm45AYcoHffctM6yOzHOfjhNTvxsnDmChJZpOz4ZWuZZydXLlmlNZCyCPYMymKnm6h+OH6EkxEwiCoXo2FYsuynkkiCKs5KTCBxDNIA93FHIYIhFN51slhlHyvGNIOLqMGlM3N83UhgKMQo9NRlC2RfzWW7+l3USGVx2U8LiRGKGpg8FCTVkZOQ1GT7hGEk6UgARJ+qvBupDVZVUZeYl2PMrL0Lz1LQrZuX2vFy9vp/WUQQH4BAcAxtcgCq4ATXQAAg8gCfwAl61R+1Ze9Pep6MFbVbhPvgj7fMbcHyhjA==</latexit>

|gsTn|
|gu,dTn |

⇠ 0.1÷ 0.3
If there is a valence-quark 

contribution, there must be a 
strange contribution

<latexit sha1_base64="shQOv5Vk32ydwr9Qk0JGn2PqITY="></latexit>

�c2|LL = c1
g2A

16⇡2f2
⇡

"
7

12
m2
 s

ln
µ2

m2
 s

+
1

2
M2

K ln
µ2

M2
K

#
.



Chiral perturbation theory
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<latexit sha1_base64="HBVDKpuaut0/SJiX/j9X3R0G86c=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkQxDJCXpBdw+zsTTJk9sHMXTEsASsbf8XGQhFb/8DOv3HyKDR64MLhnHuZOcdPpNBo219Wbml5ZXUtv17Y2Nza3inu7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH15M/NYtKC3iqI6jBLyQ9SPRE5yhkbpF6iYqTjCmmYtwh1ldjcedgDZu3ID1+6C8brFkl+0p6F/izEmJzFHrFj/dIOZpCBFyybTuOHaCXsYUCi5hXHBTDQnjQ9aHjqERC0F72TTJmB4ZJaC9WJmJkE7VnxcZC7Uehb7ZDBkO9KI3Ef/zOin2zr1MREmKEPHZQ71UUpN8UgsNhAKOcmQI40qYv1I+YIpxNOUVTAnOYuS/pHlSdirlyvVpqXp5P6sjTw7IITkmDjkjVXJFaqRBOHkgT+SFvFqP1rP1Zr3PVnPWvMJ98gvWxzdOSZsm</latexit>

/ Tr[dU †]
<latexit sha1_base64="u3syE/ztLBjWNu0tRNAGugo6gIQ=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBkQxDJCXpBdw+zsTTJk9sHMXTEsASsbf8XGQhFb/8DOv3HyKDR64MLhnHuZOcdPpNBo219Wbml5ZXUtv17Y2Nza3inu7jV1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH15M/NYtKC3iqI6jBLyQ9SPRE5yhkbpF6iYqTjCmmYtwh1ldjcedgIY3bsD6fVBet1iyy/YU9C9x5qRE5qh1i59uEPM0hAi5ZFp3HDtBL2MKBZcwLriphoTxIetDx9CIhaC9bJpkTI+MEtBerMxESKfqz4uMhVqPQt9shgwHetGbiP95nRR7514moiRFiPjsoV4qqUk+qYUGQgFHOTKEcSXMXykfMMU4mvIKpgRnMfJf0jwpO5Vy5fq0VL28n9WRJwfkkBwTh5yRKrkiNdIgnDyQJ/JCXq1H69l6s95nqzlrXuE++QXr4xtzgZs+</latexit>

/ Tr[dm†]

Two types of contributions

Calculable

Leading-order counterterm

<latexit sha1_base64="jMEfSJEz+9AxJgwrhgf0KdMqp9k=">AAACG3icbZDLSgMxFIYz3q23qks3wSIoSJkpoi4FQVwqWBU6Y8lkTmswyQzJGbEMBR/Dja/ixoUirgQXvo3pBfH2Q+DPf84hOV+cSWHR9z+8kdGx8YnJqenSzOzc/EJ5cenUprnhUOepTM15zCxIoaGOAiWcZwaYiiWcxVf7vfrZNRgrUn2CnQwixdpatARn6KJmuRZmJs0wpUWIcIPFiel2GwlVF2HC2m0wUbgZSr3+dadqo1mu+FW/L/rXBENTIUMdNctvYZLyXIFGLpm1jcDPMCqYQcEldEthbiFj/Iq1oeGsZgpsVPR369I1lyS0lRp3NNJ++n2iYMrajopdp2J4aX/XeuF/tUaOrd2oEDrLETQfPNTKJXUseqBoIgxwlB1nGDfC/ZXyS2YYR4ez5CAEv1f+a05r1WC7un28Vdk7uB3gmCIrZJWsk4DskD1ySI5InXByRx7IE3n27r1H78V7HbSOeEOEy+SHvPdPiwSiHw==</latexit>

/ Tr[dm†] ln(m†m)

NLO counterterm
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<latexit sha1_base64="4VM+cLK/vFmGUCvU29Q7YEk7weY="></latexit>

LEFT =
f2
⇡

4
Tr

⇥
@µU@µU †⇤�BTr

⇥
mU † +m†U

⇤

<latexit sha1_base64="xsUHh7won3SZy1I2VfPG1g1aRsg="></latexit>

+Tr
⇥
 vµirµ 

⇤
+ (D + F )Tr

⇥
 �µ�5Aµ 

⇤
+ (D � F )Tr

⇥
 �µ�5 Aµ

⇤

<latexit sha1_base64="L3QV9F2jX/ALtr0+Sj22mpFERuo="></latexit>

� i

2

n
1Tr[d̂ �

µ⌫�5 ] + 2Tr[ �
µ⌫�5d̂ ] + 3Tr[d̂]Tr[ �

µ⌫�5 ]
o
Fµ⌫

<latexit sha1_base64="evSOrc2V4VuUFO30z0lf9UFKHRc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI8RLx4jmAckS5idnU2GzM4uM71CWAL+ghcPinj1e7z5N04eB00saCiquunuClIpDLrut7Oyura+sVnYKm7v7O7tlw4OmybJNOMNlshEtwNquBSKN1Cg5O1UcxoHkreC4e3Ebz1ybUSiHnCUcj+mfSUiwShaqXXeZWGCplcquxV3CrJMvDkpwxz1XumrGyYsi7lCJqkxHc9N0c+pRsEkHxe7meEpZUPa5x1LFY258fPpuWNyapWQRIm2pZBM1d8TOY2NGcWB7YwpDsyiNxH/8zoZRtd+LlSaIVdstijKJMGETH4nodCcoRxZQpkW9lbCBlRThjahog3BW3x5mTQvKl61Ur2/LNdunmZxFOAYTuAMPLiCGtxBHRrAYAjP8ApvTuq8OO/Ox6x1xZlHeAR/4Hz+AD7Hj+4=</latexit>

+ · · ·

<latexit sha1_base64="yfmsnTSAsS0FeFqZ61IuwbVH7wI=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgadkVUY9BLx4jmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e4KUik0Os63VVpZXVvfKG9WtrZ3dveq+wctnWSKQ5MnMlGdgGmQIoYmCpTQSRWwKJDQDkY3U7/9CEqLJL7HcQp+xAaxCAVnaKQHT0KItqfEYIjepFetObYzA10mbkFqpECjV/3y+gnPIoiRS6Z113VS9HOmUHAJk4qXaUgZH7EBdA2NWQTaz2dXT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOXnIk4zhJjPF4WZpJjQaQS0LxRwlGNDGFfC3Er5kCnG0QRVMSG4iy8vk9aZ7V7Y53fntfp1EUeZHJFjckpccknq5JY0SJNwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AJkVkpc=</latexit>

} Jenkins-Manohar (1991)
<latexit sha1_base64="4JBQfgGInYQcBe6fZOlTKmARCiM=">AAAB/HicbZDLSgMxGIUz9VbrbbRLN8EiuJBhRrR2WVHEZQV7gXYomTRtQ5PMkGSEYWjxTdy4UMStD+LOtzHtdKGtBwIf5/whf04QMaq0635buZXVtfWN/GZha3tnd8/eP2ioMJaY1HHIQtkKkCKMClLXVDPSiiRBPGCkGYyup3nzkUhFQ/Ggk4j4HA0E7VOMtLG6dvGmoyh3ncrpZHKb4UXXLrmOOxNcBm8OJTBXrWt/dXohjjkRGjOkVNtzI+2nSGqKGRkXOrEiEcIjNCBtgwJxovx0tvwYHhunB/uhNEdoOHN/30gRVyrhgZnkSA/VYjY1/8vase5X/JSKKNZE4OyhfsygDuG0CdijkmDNEgMIS2p2hXiIJMLa9FUwJXiLX16GxpnjlZ3y/XmpevWU1ZEHh+AInAAPXIIquAM1UAcYJOAZvII3a2K9WO/WRzaas+YVFsEfWZ8/9OKUGA==</latexit>

D ⇠ 0.8, F ⇠ 0.5

Electric Dipoles

<latexit sha1_base64="3J1YoWnk2XIineIJFSr7lxKcgEo="></latexit>

dLOn = 1ds + 2dd + 3(du + dd + ds)

Neutron EDM at LO:
<latexit sha1_base64="lWlA7mCzdSIPLN0f7m56RneN1Y0=">AAACUHicfVFNSwMxFHxbv9evqkcvi6UgKGVXRb0IgiAeBBVsK7R1yaZpG5rNLslbsSwF/6AXb/4OLx4UTVsr2ooDIcPMPJJMglhwja77bGUmJqemZ2bn7PmFxaXl7MpqSUeJoqxIIxGpm4BoJrhkReQo2E2sGAkDwcpB+6Tnl++Y0jyS19iJWS0kTckbnBI0kp9tNv30Wm5Xkd1jen7R7d4mR9U2iWPi79r5MbM+NHe2/knpYcr7TvnZnFtw+3DGifdFcvCFSz/7VK1HNAmZRCqI1hXPjbGWEoWcCta1q4lmMaFt0mQVQyUJma6l/UK6Tt4odacRKbMkOn3150RKQq07YWCSIcGWHvV64l9eJcHGYS3lMk6QSTo4qJEIByOn165T54pRFB1DCFXc3NWhLaIIRfMHtinBG33yOCntFLz9wv7VXu749GFQxyyswwZsggcHcAxncAlFoPAIL/AG79aT9Wp9ZKxBdLjDGvxCxv4EjlC1Fw==</latexit>

guTn,LO = 3
<latexit sha1_base64="Mp/4I6/+TGwpcoGijkfKwx03wFo="></latexit>

gdTn,LO = 2 + 3
<latexit sha1_base64="tksEZe4LD0AfqED8R0/GX2u0qfs=">AAACDXicbZBLSwMxFIUz9VXrq+rSzWAVBKXMqFQ3QkEQF4IV+oJOHTJp2oZmMkNyRyxDwbUb/4obF4q4de/Of2PazkJbDwQ+zrkhuccLOVNgWd9GamZ2bn4hvZhZWl5ZXcuub1RVEElCKyTggax7WFHOBK0AA07roaTY9ziteb3zYV67o1KxQJShH9KmjzuCtRnBoC03u9Nx47I4cIDeQ3x1PRjcqjOnh8MQu/Z+AkduNmflrZHMabATyKFEJTf75bQCEvlUAOFYqYZthdCMsQRGOB1knEjREJMe7tCGRoF9qprxaJuBuaudltkOpD4CzJH7+0aMfaX6vqcnfQxdNZkNzf+yRgTt02bMRBgBFWT8UDviJgTmsBqzxSQlwPsaMJFM/9UkXSwxAV1gRpdgT648DdXDvF3IF26Oc8WLh3EdabSFttEestEJKqJLVEIVRNAjekav6M14Ml6Md+NjPJoykgo30R8Znz9j4pwv</latexit>

gsTn,LO = 1 + 3

<latexit sha1_base64="yfmsnTSAsS0FeFqZ61IuwbVH7wI=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgadkVUY9BLx4jmAdk1zA76U2GzD6Y6VXCkv/w4kERr/6LN//GSbIHTSxoKKq66e4KUik0Os63VVpZXVvfKG9WtrZ3dveq+wctnWSKQ5MnMlGdgGmQIoYmCpTQSRWwKJDQDkY3U7/9CEqLJL7HcQp+xAaxCAVnaKQHT0KItqfEYIjepFetObYzA10mbkFqpECjV/3y+gnPIoiRS6Z113VS9HOmUHAJk4qXaUgZH7EBdA2NWQTaz2dXT+iJUfo0TJSpGOlM/T2Rs0jrcRSYzojhUC96U/E/r5theOXnIk4zhJjPF4WZpJjQaQS0LxRwlGNDGFfC3Er5kCnG0QRVMSG4iy8vk9aZ7V7Y53fntfp1EUeZHJFjckpccknq5JY0SJNwosgzeSVv1pP1Yr1bH/PWklXMHJI/sD5/AJkVkpc=</latexit>

}
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<latexit sha1_base64="LVfMrr++7NRt8nFI7qXNsPWGDsU="></latexit> <latexit sha1_base64="MPP3uFKq/Pt4UQrneY3gk/yk4F0="></latexit>

A is calculable in terms of D,F, but …

— The analytic terms B must be matched to data (not known)

— Diagrams in B also depend on the dipoles of the excited states (not known)

— The strange mass is not small: the non-analytic part is of the same order as the B-term. 

At first non-trivial order

<latexit sha1_base64="+eBKKbtd60181gLOioCAVFtQSnI=">AAACCnicbVBLS8NAGNzUV62vqEcvq0XwFJIi1YtQ8KKoUME+oIlhs9m0SzcPdjdCCT178a948aCIV3+BN/+NmzYHbR1YmJ35ht1vvIRRIU3zWystLC4tr5RXK2vrG5tb+vZOW8Qpx6SFYxbzrocEYTQiLUklI92EExR6jHS84Xnudx4IFzSO7uQoIU6I+hENKEZSSa6+bwcc4ezGvbqvjTP7WiV95Np4QNX9zDRqFVevmoY5AZwnVkGqoEDT1b9sP8ZpSCKJGRKiZ5mJdDLEJcWMjCt2KkiC8BD1SU/RCIVEONlklTE8VIoPg5irE0k4UX8nMhQKMQo9NRkiORCzXi7+5/VSGZw6GY2SVJIITx8KUgZlDPNeoE85wZKNFEGYU/VXiAdIdSNVe3kJ1uzK86RdM6y6Ub89rjYuizrKYA8cgCNggRPQABegCVoAg0fwDF7Bm/akvWjv2sd0tKQVmV3wB9rnD1ftmWk=</latexit>

M2
K

⇤2
�

= 0.2

<latexit sha1_base64="GwKSt4k/AznIg/VneNZT/BGIX14="></latexit>

dNLO

a0b0 = dLOa0b0 +A⇧

a0b0
M2

⇧

16⇡2f2
⇡

ln
M2

n

M2

⇧

+B⇧

a0b0
M2

⇧

16⇡2f2
⇡

<latexit sha1_base64="n2hNx5uTjdFDRYRlzSZo7fkXFIQ="></latexit>



Luca Vecchi     Luca Vecchi                                                                                                          A strange contribution to the neutron EDM

<latexit sha1_base64="8MOWjicSA+WC22gwzgCo1rD1xuk="></latexit>

gsTn,NLO
= 0.14 guTn,LO + 0.048 gdTn,LO + 1.7 gsTn,LO + 0.18BK

nn,s

Barring accidental cancellations we should expect

Compatible with the non-analytic 
terms of the Chiral Quark Model

<latexit sha1_base64="zcMfeN19K0FxTXJGdQ81tdh0xo8="></latexit>

gsTn & O

✓
M2

K

16⇡2f2
⇡

◆

If a much smaller value is measured, then a -dependent cancellation must take place.

The lattice results do not reveal any such dependence…

MK



Conclusions

 The neutron EDM provides very stringent constraints on new physics. 

 NRQM + Large N QCD + Chiral PT paint a consistent picture:


 NDA works and  is unsuppressed of order 0.1-0.3

 A contribution  would be evidence of a -dependent cancellation


 BEWARE: the strange EDM dominates in many new physics scenarios.

gs
Tn

gs
Tn ≲ 0.1 MK


