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Dipole moments*

* Only leptons

Based on N.Valori, O.Vives: arXiv 2505.06345  

https://arxiv.org/abs/2505.06345
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ω = ω→
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aω = F2(0)

Anomalous magnetic moment Electric dipole moment

<latexit sha1_base64="MLoKXa271UYamC3J0Eam9FDDj4g=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFdlNnVKogQlEQly3YC7RlyKSnbWjmQpIRytAncOOruHGhiFvX7nwbM+0stPVAwsf/n0NyfjfkTCrL+jaWlldW19YzG9nNre2dXXNvvyGDSFCo04AHouUSCZz5UFdMcWiFAojncmi6o5vEbz6AkCzw79U4hK5HBj7rM0qUlhwz33PiDnA+OS7UUoIi7lziq+S6deLTScEqOmbOKlnTwotgp5BDaVUd86vTC2jkga8oJ1K2bStU3ZgIxSiHSbYTSQgJHZEBtDX6xAPZjafrTHBeKz3cD4Q+vsJT9fdETDwpx56rOz2ihnLeS8T/vHak+hfdmPlhpMCns4f6EccqwEk2uMcEUMXHGggVTP8V0yERhCqdYFaHYM+vvAiNk5JdLpVrZ7nKdRpHBh2iI1RANjpHFXSHqqiOKHpEz+gVvRlPxovxbnzMWpeMdOYA/Snj8weMepne</latexit>

dω/(Qωe) = F3(0)

Observables:

CP-even CP-odd
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Dipole moments: definition
Three classes of observables, one effective operator

<latexit sha1_base64="d63r28+1TYE55L4YyhAisQrm0SQ="></latexit>

L → e

8ω2
Cij

(
ε̄iϑµωPRεj

)
Fµω + h.c.
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The experimental sensitivity

Window to NP?

*More on that later[BMW, 2025]
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BR(ωj → ωiε) =
3ϑem

ϖG2
F m2

ωj

(
|Cji|2 + |Cij |2

)

Motivated by neutrino 
oscillations

Insight into ν masses?

Electric dipole moment
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SM prediction very far from  
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*More on that later[BMW, 2025]




Dipole moments: current status

[NV, O. Vives, 2505.06345 [hep-ph]]


Sensitivity to heavy NP?

https://arxiv.org/abs/2505.06345


Dipole moments: SMEFT interpretation



Dipole moments: SMEFT interpretation
<latexit sha1_base64="J0owVuFi2WdkF9DD2wA8TVARjLY="></latexit>

Oij
eB = liLωµωe

j
RHBµω

<latexit sha1_base64="layebZ8PKDN2wccvFbH4n9P53Xk="></latexit>

Cij =
8ω2

e

v→
2!2

(cos εWCij
eB ↑ sin εWCij

eW )<latexit sha1_base64="N9HXRvaaaJE7N8G47KEr+aONRks="></latexit>

Oij
eW = liLωµωε

aejRHWµω
a

Matching at the EW scale
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C → yf

[Physics Briefing Book, 1910.11775]




Dipole moments: SMEFT interpretation
<latexit sha1_base64="J0owVuFi2WdkF9DD2wA8TVARjLY="></latexit>

Oij
eB = liLωµωe

j
RHBµω

<latexit sha1_base64="layebZ8PKDN2wccvFbH4n9P53Xk="></latexit>

Cij =
8ω2

e

v→
2!2

(cos εWCij
eB ↑ sin εWCij

eW )<latexit sha1_base64="N9HXRvaaaJE7N8G47KEr+aONRks="></latexit>

Oij
eW = liLωµωε

aejRHWµω
a

Matching at the EW scale

<latexit sha1_base64="wjvzpx0RXx1yldoliiWVwX7jkdU=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LvXizgv2A7VKyabYNzSZLkhXK0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut7O2vrG5tV3YKe7u7R8clo6O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvhuDHzO09UaSbFo5kkNIjxULCIEWys5DdQT7MY3Ve8i36p7FbdOdAq8XJShhzNfumrN5AkjakwhGOtfc9NTJBhZRjhdFrspZommIzxkPqWChxTHWTzk6fo3CoDFEllSxg0V39PZDjWehKHtjPGZqSXvZn4n+enJroJMiaS1FBBFouilCMj0ex/NGCKEsMnlmCimL0VkRFWmBibUtGG4C2/vEral1WvVq09XJXrt3kcBTiFM6iAB9dQhztoQgsISHiGV3hzjPPivDsfi9Y1J585gT9wPn8ANzOP7A==</latexit>

C → O(1)

<latexit sha1_base64="tZg6iuhGnAHhNP7rUsYGjbhjhEM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0We/FYwX5gu5Rsmm1Dk+ySZIVl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvBtDn3u09UaRbJB5PG1Bd4LFnICDZWemyigWYCpcNwWK64VXcBtE68nFQgR2tY/hqMIpIIKg3hWOu+58bGz7AyjHA6Kw0STWNMpnhM+5ZKLKj2s8XFM3RhlREKI2VLGrRQf09kWGidisB2CmwmetWbi/95/cSEN37GZJwYKslyUZhwZCI0fx+NmKLE8NQSTBSztyIywQoTY0Mq2RC81ZfXSeeq6tWqtfvrSuM2j6MIZ3AOl+BBHRpwBy1oAwEJz/AKb452Xpx352PZWnDymVP4A+fzB7UskE8=</latexit>

C → yf

[Physics Briefing Book, 1910.11775]


Dipole-related observables 
able to probe the highest scale

Ideal candidate to 

Search for


New Physics!
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The equivalent EDM in SMEFT
Based on M. Ardu, N. Valori: arXiv  2503.21920 

https://arxiv.org/abs/2503.21920


9

Why do we need New Physics?
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• Neutrino masses 

• Dark Matter 

• Baryon Asymmetry

• Hierarchy Problem 

• Strong CP problem 

• Flavor puzzle

Fine-tuning
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Why do we need New Physics?
Evidence-based

• Neutrino masses 

• Dark Matter 

• Baryon Asymmetry

• Hierarchy Problem 

• Strong CP problem 

• Flavor puzzle

Fine-tuning

BUTBaryogenesis

Sakharov conditions 

• Out of Equilibrium 

• Baryon number violation 

• CP-violation 
SM CP-violation is not 

Enough!
[Gavela et al.,hep-ph/9312215]

[Huet Sather, hep-ph/9404302] 
[Kuzmin et a., PhysRevD.45.466]

<latexit sha1_base64="AJemkMLHB2elJ1bVsASAMFQrS7o=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiB4kDAjoh7FeBBESMAskAmhp6eSNOlZ7K4RwpCrF3/FiwdFvPoH3vwbO8tBEx8UPN6roqqeF0uh0ba/rczC4tLySnY1t7a+sbmV396p6ShRHKo8kpFqeEyDFCFUUaCERqyABZ6Eutcvjfz6AygtovAOBzG0AtYNRUdwhkZq56nrg0TWTks3t8Mj6t4nzKcu9mCkVUpXw3a+YBftMeg8caakQKYot/Nfrh/xJIAQuWRaNx07xlbKFAouYZhzEw0x433WhaahIQtAt9LxJ0N6YBSfdiJlKkQ6Vn9PpCzQehB4pjNg2NOz3kj8z2sm2DlvpSKME4SQTxZ1EkkxoqNYqC8UcJQDQxhXwtxKeY8pxtGElzMhOLMvz5PacdE5LZ5WTgoXl9M4smSP7JND4pAzckGuSZlUCSeP5Jm8kjfryXqx3q2PSWvGms7skj+wPn8AkDOZog==</latexit>

ωCKM , εQCD
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EDMs: ideal candidates to look for CPV
General features

A particle with spin can interact with an electric field according to:

<latexit sha1_base64="sSp3DwvzJ5252psaRU0xk1DDX4s=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgubElEqhuhKEKXFe0DmlAmk0k7dPJgZlIoIV/hxl9x40IRt+LOv3GSZqGtB+5wOOde7tzjRIwKaRjf2tLyyuraemmjvLm1vbOr7+13RBhzTNo4ZCHvOUgQRgPSllQy0os4Qb7DSNcZ32R+d0K4oGHwIKcRsX00DKhHMZJKGujVJryCVWidQjd7rAnByW0KLeyGEloeRzjJtfs0VTXQK0bNyAEXiVmQCijQGuhflhvi2CeBxAwJ0TeNSNoJ4pJiRtKyFQsSITxGQ9JXNEA+EXaSn5XCY6W40Au5qkDCXP09kSBfiKnvqE4fyZGY9zLxP68fS+/STmgQxZIEeLbIixmUIcwygi7lBEs2VQRhTtVfIR4hlYVUSZZVCOb8yYukc1Yz67X63XmlcV3EUQKH4AicABNcgAZoghZoAwwewTN4BW/ak/aivWsfs9YlrZg5AH+gff4AHpudmw==</latexit>

H = → d ωE ·
ωS

S

EDM

Vector

P(CP)-odd interaction

x Pseudo-vector

QM

What is the SM prediction?
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EDM: SM Theory

l l
ν

W

W W

γ

q

g

<latexit sha1_base64="FVNkpxlj2IIrEyYMpf23wV3jT4I=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjpbosunFnBfuATi2ZzG0bmswMSUYow3yAG3/FjQtF3PoB7vwb08dCWw8EDuecy809XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHrDq7HffACpWBjc6VEEHUH6AesxSrSRuvmC300gxa5iAt8UHfs+OS2X02PsnmBwqR9qTIVJ2SV7ArxInBkpoBlq3fyX64c0FhBoyolSbceOdCchUjPKIc25sYKI0CHpQ9vQgAhQnWRyTIqPjOLjXijNC8z6sfp7IiFCqZHwTFIQPVDz3lj8z2vHunfRSVgQxRoCOl3UiznWIR43g30mgWo+MoRQycxfMR0QSag2/eVMCc78yYukcVZyKqXKbblQvZzVkUUH6BAVkYPOURVdoxqqI4oe0TN6RW/Wk/VivVsf02jGms3soz+wPn8AJGKZKA==</latexit>

de → O(10→44) e · cm
[Pospelov, Ritz, 2014]

SM perturbation theory (quark-gluon level)

<latexit sha1_base64="IslAXOYE4QhGWPSZyQNknh+BrKY="></latexit>

dω → eJ mωm2
cm

2
s

m6
W

ω3
Wωs

(4ε)4

NDA estimate• SM CP-violation from 

• Encoded in Jarlskog invariant (   ) 

•First non-vanishing contribution at 4 loops

<latexit sha1_base64="+WYCkX9DkyZQwWyaPBSR8xebA78="></latexit>

ωCKM

<latexit sha1_base64="z5qGBA6PPBU6F89wP5nDfLZ1fdg="></latexit>J
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EDM: SM Theory

l l
ν

W

W W

γ

q

g

<latexit sha1_base64="FVNkpxlj2IIrEyYMpf23wV3jT4I=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjpbosunFnBfuATi2ZzG0bmswMSUYow3yAG3/FjQtF3PoB7vwb08dCWw8EDuecy809XsSZ0rb9bWWWlldW17LruY3Nre2d/O5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHrDq7HffACpWBjc6VEEHUH6AesxSrSRuvmC300gxa5iAt8UHfs+OS2X02PsnmBwqR9qTIVJ2SV7ArxInBkpoBlq3fyX64c0FhBoyolSbceOdCchUjPKIc25sYKI0CHpQ9vQgAhQnWRyTIqPjOLjXijNC8z6sfp7IiFCqZHwTFIQPVDz3lj8z2vHunfRSVgQxRoCOl3UiznWIR43g30mgWo+MoRQycxfMR0QSag2/eVMCc78yYukcVZyKqXKbblQvZzVkUUH6BAVkYPOURVdoxqqI4oe0TN6RW/Wk/VivVsf02jGms3soz+wPn8AJGKZKA==</latexit>

de → O(10→44) e · cm
[Pospelov, Ritz, 2014]

SM perturbation theory (quark-gluon level)

<latexit sha1_base64="IslAXOYE4QhGWPSZyQNknh+BrKY="></latexit>

dω → eJ mωm2
cm

2
s

m6
W

ω3
Wωs

(4ε)4

NDA estimate• SM CP-violation from 

• Encoded in Jarlskog invariant (   ) 

•First non-vanishing contribution at 4 loops

<latexit sha1_base64="+WYCkX9DkyZQwWyaPBSR8xebA78="></latexit>

ωCKM

<latexit sha1_base64="z5qGBA6PPBU6F89wP5nDfLZ1fdg="></latexit>J

Long distance effects

• Computed in ChiPt 

• Dominant contribution to EDMs

<latexit sha1_base64="lxJe2fR/XZ3sDoScAKbdiLarevQ="></latexit>

|dSM
e | = 5.80 → 10→40e · cm

|dSM
µ | = 1.38 → 10→38e · cm

|dSM
ω | = 7.32 → 10→38e · cm

See [Yamaguchi, Yamanaka,2020]

[Yamaguchi, Yamanaka,2021]
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EDM: Exp. bounds
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EDM: Exp. bounds

[psi.ch/en/nedm/edms-world-wide]
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EDM: Exp. bounds

[psi.ch/en/nedm/edms-world-wide]

[muEDM, 2102.08838 [hep-ex]]

<latexit sha1_base64="ZRJL871OqUXI8xweZX6SZMPcx6k=">AAACH3icbVBNS8NAEN3Ur1q/oh69LBbBg5akSvVY9OKxgv2AppbNZtou3U3C7kYoof/Ei3/FiwdFxFv/jZu2B219MPB4b4aZeX7MmdKOM7FyK6tr6xv5zcLW9s7unr1/0FBRIinUacQj2fKJAs5CqGumObRiCUT4HJr+8Dbzm08gFYvCBz2KoSNIP2Q9Rok2UteuBN3UE8kYe2fY46CUYiLjrvOYnpcvZrogeiBFCtijQaQxFeOuXXRKzhR4mbhzUkRz1Lr2txdENBEQasqJUm3XiXUnJVIzymFc8BIFMaFD0oe2oSERoDrp9L8xPjFKgHuRNBWa/Zn6eyIlQqmR8E1ndqpa9DLxP6+d6N51J2VhnGgI6WxRL+FYRzgLCwdMAtV8ZAihkplbMR0QSag2kRZMCO7iy8ukUS65lVLl/rJYvZnHkUdH6BidIhddoSq6QzVURxQ9o1f0jj6sF+vN+rS+Zq05az5ziP7AmvwA/1GhIA==</latexit>

dµ ↭ 10→23 e · cm

https://arxiv.org/abs/2102.08838
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EDM: Exp. bounds

[psi.ch/en/nedm/edms-world-wide]

eEDM sensitivity 10 OoM  
better than the muon +   Naive scaling

<latexit sha1_base64="DhLtGFQ1ockutvqCeVeNLeG52GQ=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRKR6rLoxmUF+4AmlMn0ph06k4SZiVBC/sCNv+LGhSJu3brzb5y2WWjrgYHDOedy554g4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9kNiALOImhppjl0EwlEBBw6wfhm6nceQCoWR/d6koAvyDBiIaNEG6lvnw76mSfSHHuKCeyFktBMzKXcEMixCUDet6tOzZkBLxO3IFVUoNm3v7xBTFMBkaacKNVznUT7GZGaUQ55xUsVJISOyRB6hkZEgPKz2T05PjHKAIexNC/SeKb+nsiIUGoiApMURI/UojcV//N6qQ6v/IxFSaohovNFYcqxjvG0HDxgEqjmE0MIlcz8FdMRMZ1oU2HFlOAunrxM2uc1t16r311UG9dFHWV0hI7RGXLRJWqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHMfCdaw==</latexit>

dµ → mµ

me
de eEDM probes scales 4 OoM higher

Exp. Sensitivity still far  
from SM prediction ! eEDM is particularly well suited for the search of NP

+

[muEDM, 2102.08838 [hep-ex]]

<latexit sha1_base64="ZRJL871OqUXI8xweZX6SZMPcx6k=">AAACH3icbVBNS8NAEN3Ur1q/oh69LBbBg5akSvVY9OKxgv2AppbNZtou3U3C7kYoof/Ei3/FiwdFxFv/jZu2B219MPB4b4aZeX7MmdKOM7FyK6tr6xv5zcLW9s7unr1/0FBRIinUacQj2fKJAs5CqGumObRiCUT4HJr+8Dbzm08gFYvCBz2KoSNIP2Q9Rok2UteuBN3UE8kYe2fY46CUYiLjrvOYnpcvZrogeiBFCtijQaQxFeOuXXRKzhR4mbhzUkRz1Lr2txdENBEQasqJUm3XiXUnJVIzymFc8BIFMaFD0oe2oSERoDrp9L8xPjFKgHuRNBWa/Zn6eyIlQqmR8E1ndqpa9DLxP6+d6N51J2VhnGgI6WxRL+FYRzgLCwdMAtV8ZAihkplbMR0QSag2kRZMCO7iy8ukUS65lVLl/rJYvZnHkUdH6BidIhddoSq6QzVURxQ9o1f0jj6sF+vN+rS+Zq05az5ziP7AmvwA/1GhIA==</latexit>

dµ ↭ 10→23 e · cm

https://arxiv.org/abs/2102.08838
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Theory vs Experiments
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• Sensitivity to the EDM of unpaired electron


• Look for energy shift under parity
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Theory vs Experiments
eEDM is typically investigated in paramagnetic atoms or molecules (n,p,e)

Oh, bother! 
I’m all alone

• Sensitivity to the EDM of unpaired electron


• Look for energy shift under parity


• Molecules overpower atoms

CP-odd interaction other than EDM?

However, also neutrons and protons are present! 
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω

<latexit sha1_base64="QTV5F20Fe8B1nZTbaJ0CN6CNuhg="></latexit>

N̄N ēω5e

N̄ω5N ēe

Relevant CP-odd interaction:

<latexit sha1_base64="w2GFRO352emAel+wtxFinqT3N2g="></latexit>

N̄ωµωε5N ēωεϑe

Non rel. limit

<latexit sha1_base64="lGvSLVoLIH7GwkJwcPXHtsviu8U="></latexit>

N̄N ēω5e
<latexit sha1_base64="Ee/DeUt/8evQKa4RrIw6J3aDJYg="></latexit>

0
<latexit sha1_base64="zVMIRhxS1Eyo+98Lc5FRX4yt2h8="></latexit>

vωN̄SµN ēωµωe

Nucleons add coherently

Average over spin
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Heavy Baryon ChPt
[Jenkins, Manhoar, 1991]


EFT below        where nucleons are treated as non relativistic
<latexit sha1_base64="CagaWD9urB7/+2R4jNTvLGcIyv8="></latexit>

!ω

<latexit sha1_base64="N7UiHRApegtoWYTkhMEA/pYeWgc="></latexit>

Cn n̄n ēω5e+ Cp p̄p ēω
5e

<latexit sha1_base64="Q8nXc/6betco6sWYbPhuZ7AmdHk="></latexit>

N̄(CS + C →
Sω3)N ēε5e

<latexit sha1_base64="GNzsmWmA9avlwzRcrJ7YjE5BYvs=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRKR6kYounElFewDmlImk5t26GQSZiZiCf0EN/6KGxeKuHXpzr9x+kC09cCFwzn3cu89fsKZ0o7zZeUWFpeWV/KrhbX1jc0te3unruJUUqjRmMey6RMFnAmoaaY5NBMJJPI5NPz+5chv3IFULBa3epBAOyJdwUJGiTZSxz68PseeD10msiQiWrL7IU6w5xUE9kAEP2LHLjolZww8T9wpKaIpqh370wtimkYgNOVEqZbrJLqdEakZ5TAseKmChNA+6ULLUEEiUO1s/NAQHxglwGEsTQmNx+rviYxESg0i33Sa+3pq1huJ/3mtVIdn7YyJJNUg6GRRmHKsYzxKBwdMAtV8YAihkplbMe0RSag2GRZMCO7sy/Okflxyy6XyzUmxcjGNI4/20D46Qi46RRV0haqohih6QE/oBb1aj9az9Wa9T1pz1nRmF/2B9fENWmac1Q==</latexit>

N =

(
p
n

)

Z+N Z-N

<latexit sha1_base64="QTV5F20Fe8B1nZTbaJ0CN6CNuhg="></latexit>

N̄N ēω5e

N̄ω5N ēe

Relevant CP-odd interaction:

<latexit sha1_base64="w2GFRO352emAel+wtxFinqT3N2g="></latexit>

N̄ωµωε5N ēωεϑe

Non rel. limit

<latexit sha1_base64="lGvSLVoLIH7GwkJwcPXHtsviu8U="></latexit>

N̄N ēω5e
<latexit sha1_base64="Ee/DeUt/8evQKa4RrIw6J3aDJYg="></latexit>

0
<latexit sha1_base64="zVMIRhxS1Eyo+98Lc5FRX4yt2h8="></latexit>

vωN̄SµN ēωµωe

Nucleons add coherently

Average over spin
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The equivalent EDM

15
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The equivalent EDM
<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

15



15

The equivalent EDM
<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

15

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm
Observable:

Depend on the system
<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20
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The equivalent EDM
<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

Effective Lagrangian at the Exp. Scale:

15

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm
Observable:

Depend on the system
<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20

SM prediction 

<latexit sha1_base64="sQoUegODCgvkjfKU8CqWmSk3lLg="></latexit>

dequiv.
ThO

→ 1.0↑ 10→35 e · cm

Dominated by  
semileptonic interaction 

[Ema et al.,hep-ph/2202.10524]

How the scenario changes:

Experiments 

<latexit sha1_base64="vTD3BVAODiezUexkXWwMlJvu2ZQ="></latexit>

dequiv.HfF+ < 4.1→ 10→30 e · cm
dequiv.ThO < 1.1→ 10→29 e · cm

<latexit sha1_base64="C+9gThkgWThRVlFuhdlTi+9fkus="></latexit>

upper bounds on

de if CS = 0

used in our analysis
Previous EFT analysis: 


[Kley et al., 2109.15085]

[Panico et al., 1810.09413]


<latexit sha1_base64="BC6x/TQe4atwVIilstr7+t4q2j0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdkerNYi8eK9oPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/Mdv2oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjGqZ33qiSrNIPphxTH2BB5KFjGBjpcda7x51z9B1oVcsuWV3CrRMvDkpwRz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k+nB0/QiVX6KIyULWnQVP09kWKh9VgEtlNgM9SLXib+53USE175KZNxYqgks0VhwpGJUPY96jNFieFjSzBRzN6KyBArTIzNKAvBW3x5mTTPy16lXLm7KFVv5nHk4QiO4RQ8uIQq3EIdGkBAwDO8wpujnBfn3fmYteac+cwh/IHz+QN2TY7l</latexit>

CS ?

https://arxiv.org/abs/2202.10524
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A tower of EFTs

<latexit sha1_base64="Jrgq2XXc8/65yG8oEFzO2TZIR4o=">AAAB73icbVC7SgNBFL3rM8ZX1NJmMAhWYVckWgZtLCwimAckS7g7O5sMmZ1dZ2aFEPITNhaK2Po7dv6Nk2QLTTwwcDjnXObeE6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokU5Q1aCIS1Q5QM8ElaxhuBGunimEcCNYKhjdTv/XElOaJfDCjlPkx9iWPOEVjpXb3zkZDJL1S2a24M5Bl4uWkDDnqvdJXN0xoFjNpqECtO56bGn+MynAq2KTYzTRLkQ6xzzqWSoyZ9sezfSfk1CohiRJlnzRkpv6eGGOs9SgObDJGM9CL3lT8z+tkJrryx1ymmWGSzj+KMkFMQqbHk5ArRo0YWYJUcbsroQNUSI2tqGhL8BZPXibN84pXrVTvL8q167yOAhzDCZyBB5dQg1uoQwMoCHiGV3hzHp0X5935mEdXnHzmCP7A+fwBZ0SPkg==</latexit>

!

<latexit sha1_base64="OFroRH0C4gj4+8LHsZvTBswwm+M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc9iH67X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzUKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrj6zBjMkktlWSxKE45sgrN/kYDpimxfOIIJpq5WxEZYY2JdemUXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoEhPMMrvHnce/HevY9Fa8HLZ47hD7zPHzgYjcY=</latexit>mW

<latexit sha1_base64="Qu+MbJf5b4ZI7MsgZagQ68yC4M8=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwICUpUj0WPeixgv2AJpTNdtMu3U3C7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlLOINjXTnHYSSbEIOG0Ho+up336gUrE4utfjhPoCDyIWMoK1kXp2yVNMoCryzpAnBbqhrZ5ddirODGiZuDkpQ45Gz/7y+jFJBY004Viprusk2s+w1IxwOil6qaIJJiM8oF1DIyyo8rPZ6RN0YpQ+CmNpKtJopv6eyLBQaiwC0ymwHqpFbyr+53VTHV76GYuSVNOIzBeFKUc6RtMcUJ9JSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSturVK7Oy/Xr/I4CnAEx3AKLlxAHW6hAU0g8AjP8Apv1pP1Yr1bH/PWFSufOYQ/sD5/AOOjknw=</latexit>

→ 2GeV

<latexit sha1_base64="M+lOquTQy7GbqPuLK+o9H2BZLwI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF+wFtKJvtpF262YTdjVhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVZq3fYyfEomvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJrnFa9aqd5flGvXeRwFOIYTOAMPLqEGd1CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weCxI+0</latexit>

Eexp

UV theory ?

SMEFT
<latexit sha1_base64="rtiHRauPyuhyH57k+r6K8+/Ewps=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1S5UUVBgrWBgYiiAtqI0ix3Vaq44T2Q5SFfUHWPgVFgYQYmVn429w2yBBy5EsnXvOvbq+x48ZlcqyvozcwuLS8kp+tbC2vrG5ZW7vNGWUCEwcHLFI3PpIEkY5cRRVjNzGgqDQZ6TlD87HfuueCEkjfqOGMXFD1OM0oBgpLXnmwbVTOip7GHYUDYmEuqyWvcuf0inZZe/OM4tWxZoAzhM7I0WQoeGZn51uhJOQcIUZkrJtW7FyUyQUxYyMCp1EkhjhAeqRtqYc6V1uOrlmBA+10oVBJPTjCk7U3xMpCqUchr7uDJHqy1lvLP7ntRMVnLop5XGiCMfTRUHCoIrgOBrYpYJgxYaaICyo/ivEfSQQVjrAgg7Bnj15njSrFbtWqV0dF+tnWRx5sAf2QQnY4ATUwQVoAAdg8ACewAt4NR6NZ+PNeJ+25oxsZhf8gfHxDd4zmO0=</latexit>

SU(3)c → SU(2)L → U(1)Y

LEFT
<latexit sha1_base64="HdRzIjaN9LMsYqi7j0YCSaJnXHM=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8lUakei148VjSt0Iaw2W7apbubsLsRSqgX/4oXD4p49V9489+4bXPQ1gcDj/dmmJkXJowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKk4lJh6OWSzvQ6QIo4J4mmpG7hNJEA8ZaYfDq4nffiBS0Vjc6VFCfI76gkYUI22kwD649Sqn1QDDrqacKOhV3GqQET4O7LJTc6aAi8TNSRnkaAb2V7cX45QToTFDSnVcJ9F+hqSmmJFxqZsqkiA8RH3SMVQgs87Pph+M4bFRejCKpSmh4VT9PZEhrtSIh6aTIz1Q895E/M/rpDq68DMqklQTgWeLopRBHcNJHLBHJcGajQxBWFJzK8QDJBHWJrSSCcGdf3mRtE5qbr1WvzkrNy7zOIrgEByBCnDBOWiAa9AEHsDgETyDV/BmPVkv1rv1MWstWPnMPvgD6/MH8wqVUg==</latexit>

SU(3)c → U(1)em

<latexit sha1_base64="8Vxei+9svJJd4f0Zd7PVXFgRcVU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V+gVJKJvtpl26uwm7G6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSjnTxnW/ndLG5tb2Tnm3srd/cHhUPT7p6iRThHZIwhPVj7CmnEnaMcxw2k8VxSLitBdN7ud+74kqzRLZNtOUhgKPJIsZwcZKfkDGDAVKoFZ7UK25dXcBtE68gtSgQGtQ/QqGCckElYZwrLXvuakJc6wMI5zOKkGmaYrJBI+ob6nEguowX5w8QxdWGaI4UbakQQv190SOhdZTEdlOgc1Yr3pz8T/Pz0x8G+ZMppmhkiwXxRlHJkHz/9GQKUoMn1qCiWL2VkTGWGFibEoVG4K3+vI66V7VvUa98Xhda94VcZThDM7hEjy4gSY8QAs6QCCBZ3iFN8c4L86787FsLTnFzCn8gfP5A04vkKI=</latexit>

ωPT

wilson

Matching 
EFT + LQCD

[Hoferichter et al.,hep-ph/092301]
[P. M. Junnarkar et al.,hep-ph/114510]

Automated 1-loop running and  
tree level matching SMEFT-LEFT

<latexit sha1_base64="lvwkrs+Fx+LBNUWaAWgd/nMxLUw="></latexit>

LCP→odd = → i

2
de ēωµωε5e F

µω +
GF↑
2
CS ēiε5eN̄N + ...

<latexit sha1_base64="tM7jLTZDJD6SIXKGBhelWZrpXS4="></latexit>

dequiv
HfF

+ = de + CS → 0.9→ 10→20 e · cm

One operator at a time 

<latexit sha1_base64="BplGaFaRjwAkryROLyTn5NLou54="></latexit>

LSMEFT = LSM +
∑

i,n

C
(n)
i

!n
O

(n)
i

We fixed NP scale at 10 TeV



Matching at the nucleon scale
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eEDM in SMEFT

1-loop RGE LL

1-loop RGE NLL

Mod. of Yukawa (Barr-Zee)

<latexit sha1_base64="j05ipoUjE30ABfyj3Tdk0aewfJ8="></latexit>

O
pr
fω = (ω†

ω)(F̄pfrω)
<latexit sha1_base64="kyeUIZZ5r0/sakeBY+c2ZWRoGzw="></latexit>

OωṼ (X) = (ω†
ω)ṼµεX

µε

<latexit sha1_base64="iWvd6pMR9tpk8sNDif8PnOv01dQ="></latexit>

O
prst
lequ1 = (l̄jper)ωjk(q̄

k
sut)

<latexit sha1_base64="ZCWR+OJyB4+9OmKxytATnvvfViw="></latexit>

O
prst
lequ3 = (l̄jpωµωer)εjk(q̄

k
sω

µω
ut)

<latexit sha1_base64="kYAiKXKdDXpN2lgGjd+NUSL9Q4k="></latexit>

Large set of operatorswhere dequiv. → de

*No assumptions on MFV or loop order
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1-loop LL

Electron Yukawa Supressed Proportional to quark yukawas 

<latexit sha1_base64="XUzfkkzfCQGypxDEPbyo1dSavhs="></latexit>

Ċprst
lequ(1) = →

(
24(yq + yu)(2ye → yq + yu)g

2
1 → 18g22

)
Cprst

lequ(3)

Semileptonic

t c u

Yukawa enhanced Yukawa enhanced Yukawa suppressed 

Suppressed in matching Suppressed in matching Unsuppressed in matching

<latexit sha1_base64="XI0ViCYO9wJZVXFVsJv9iPEVXl4="></latexit>

de
<latexit sha1_base64="CSwrFml9o2pYpJpE8ybe0l24LEw="></latexit>

CS

EDM
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1-loop NLL
Most relevant effect from operators mixing with             LL:

<latexit sha1_base64="UJzhMeC5Lvm0rLvWrYiDC+vRyJ4="></latexit>

O
prst
lequ3

t c u

Yukawa enhanced Same order as Yukawa suppressed 

Suppressed in matching Same order as Unsuppressed in matching

<latexit sha1_base64="XI0ViCYO9wJZVXFVsJv9iPEVXl4="></latexit>

de
<latexit sha1_base64="CSwrFml9o2pYpJpE8ybe0l24LEw="></latexit>

CS

<latexit sha1_base64="CSwrFml9o2pYpJpE8ybe0l24LEw="></latexit>

CS
<latexit sha1_base64="XI0ViCYO9wJZVXFVsJv9iPEVXl4="></latexit>

de

 1-loop NNLL  

For some operators NNLL in one-loop RGE maybe sizeable
<latexit sha1_base64="x57tkNepkhDgG+NJKdI5PHodQ74="></latexit>

Ceebb
ledq

<latexit sha1_base64="xR6AL1rFE0mpjHegiF5Ui/FwaTY="></latexit>

Ceett
lequ(1)

<latexit sha1_base64="v+3pjxWpDOTo4Q2CJmTb5G/CTW8="></latexit>

Ceett
lequ(3)

Still subdominant respect to the semileptonic direction! 
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Mod of Yukawa (Barr-Zee)

can induce a modification between  
Higgs-fermions coupling

Yukawa couplings not proportional  
to the mass matrix 

<latexit sha1_base64="6VqKmJV+GvB2Q1swdSvU996nr30="></latexit>

O
pr
fω

Dim.6 two loop effect at EW breaking scale

<latexit sha1_base64="Z3ZJSKn/9mJNOPtSe9RoY6HAN28="></latexit>

de →
eω

4ε2

v

!2
Im[C11

eω
]f(mF /mH)

Most sizable contributions from top and W in the loop: 

Same operator enters  
the semileptonic direction 

Sub-dominant: 
Correction of a few %  
in the equivalent EDM

Impact on       ? 
<latexit sha1_base64="CSwrFml9o2pYpJpE8ybe0l24LEw="></latexit>

CS

Integrate out h

eR

eL qL

qR

h



Looking at the full direction
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equivalent EDM is more sensitive than eEDM to some semileptonic operators    

Light quarks matching

Heavy quarks matching

1-loop RGE LL



Conclusions
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• Introduction to dipole moments 

• Dipoles are the most sensitive observables to heavy NP


• The equivalent EDM in SMEFT

• Paramagnetic system sensitive to eEDM and a semileptonic CP-odd int.

• Previous works focused just on eEDM sensitivity to SMEFT operators

• Extension of the analysis to explore the full direction probed by electron EDM exps. 
• Sensitivities of the eEDM experiments to a larger classes of operators than previously    
recognized 



BACK UP



What if we have 2 or more Exps?

<latexit sha1_base64="JS4MWv8UDjTQ9M8ysYfqu/9Oj5s="></latexit>

dequiv.sys = de +#CS e · cm

Two experiments with different # 

Can disentangle eEDM and Cs.

<latexit sha1_base64="WofBLcCck/xk6oX2FFzHOTG+lFw=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBZBEEoiUj0WBemxgv2ANi2b7aZdutmE3YlaQv6HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ50WCa7Dtbyu3srq2vpHfLGxt7+zuFfcPmjqMFWUNGopQtT2imeCSNYCDYO1IMRJ4grW88c3Ubz0wpXko72ESMTcgQ8l9TgkYqdcF9gRJzb9Ne8lZ2i+W7LI9A14mTkZKKEO9X/zqDkIaB0wCFUTrjmNH4CZEAaeCpYVurFlE6JgMWcdQSQKm3WR2dYpPjDLAfqhMScAz9fdEQgKtJ4FnOgMCI73oTcX/vE4M/pWbcBnFwCSdL/JjgSHE0wjwgCtGQUwMIVRxcyumI6IIBRNUwYTgLL68TJrnZadSrtxdlKrXWRx5dISO0Sly0CWqohqqowaiSKFn9IrerEfrxXq3PuatOSubOUR/YH3+AKThkp8=</latexit>

HfF
+

<latexit sha1_base64="zGZzxZ6+Ilu5mdNohSNkJ/vQ058=">AAAB8XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxZsR8sJkCbOTTjJkdnaZ6RXDkr/w4kERr/6NN//GSbIHTSxoKKq66e4KYikMuu63s7K6tr6xmdvKb+/s7u0XDg4bJko0hzqPZKRbATMghYI6CpTQijWwMJDQDEY3U7/5CNqISNVwHIMfsoESfcEZWumhg/CEaW14N+kWim7JnYEuEy8jRZKh2i18dXoRT0JQyCUzpu25Mfop0yi4hEm+kxiIGR+xAbQtVSwE46eziyf01Co92o+0LYV0pv6eSFlozDgMbGfIcGgWvan4n9dOsH/lp0LFCYLi80X9RFKM6PR92hMaOMqxJYxrYW+lfMg042hDytsQvMWXl0njvOSVS+X7i2LlOosjR47JCTkjHrkkFXJLqqROOFHkmbySN8c4L8678zFvXXGymSPyB87nD9nqkQ0=</latexit>

ThO

<latexit sha1_base64="Q84IGg1mR5iP0K4nFwWdcrIFO7A="></latexit>

ThO → 1.5↑ 10→20

HfF+ → 0.9↑ 10→20

Roussy et al.,hep-ph/2212.11841

Combined fit
<latexit sha1_base64="wRojx8v/GRpMu2eePfmjfq/U8KE=">AAACH3icbZDLSgNBEEV74ju+oi7dFAbBhYYZkajoQnTjUsGokImhp1Mxjd0zQ3eNEIb8iRt/xY0LRcSdf2PnsfBV0HC4t4rqulGqpCXf//QKY+MTk1PTM8XZufmFxdLS8qVNMiOwJhKVmOuIW1QyxhpJUnidGuQ6UngV3Z30/at7NFYm8QV1U2xofhvLthScnNQsVUPnErSaOfZgyIewXQkgJKnRQuDf5Fvb+84zGsJNQAgPQOhmqexX/EHBXwhGUGajOmuWPsJWIjKNMQnFra0HfkqNnBuSQmGvGGYWUy7u+C3WHcbcLW/kg/t6sO6UFrQT415MMFC/T+RcW9vVkevUnDr2t9cX//PqGbX3GrmM04wwFsNF7UwBJdAPC1rSoCDVdcCFke6vIDrccEEu0qILIfh98l+4dGlWK9XznfLR8SiOabbK1tgGC9guO2Kn7IzVmGAP7Im9sFfv0Xv23rz3YWvBG82ssB/lfX4B03aftQ==</latexit>

|de| < 2.1→ 10→29 e cm
<latexit sha1_base64="/BJk3RMch+CXXsBWP4QCyhUIdMo=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GYyCjWFXJBqwCKaxjGgukKzL7GSSDJmdXWbOCmHJC9j4KjYWitja2/k2Ti6FJh4Y+Pj/czhz/iAWXIPjfFsLi0vLK6uZtez6xubWtr2zW9NRoiir0khEqhEQzQSXrAocBGvEipEwEKwe9Msjv/7AlOaRvINBzLyQdCXvcErASL592DIu4LJ/iyd0id18EbeAh0xj17lPT4pD3845eWdceB7cKeTQtCq+/dVqRzQJmQQqiNZN14nBS4kCTgUbZluJZjGhfdJlTYOSmGVeOr5miI+M0sadSJknAY/V3xMpCbUehIHpDAn09Kw3Ev/zmgl0LryUyzgBJulkUScRGCI8iga3uWIUxMAAoYqbv2LaI4pQMAFmTQju7MnzUDvNu4V84eYsV7qaxpFB++gAHSMXnaMSukYVVEUUPaJn9IrerCfrxXq3PiatC9Z0Zg/9KevzB8ZumXw=</latexit>

|CS | < 1.9→ 10→9

In EDM experiments I want to measure the energy shift when s is aligned with E

Compare to when is anti-aligned 

<latexit sha1_base64="nHv11qZ68cu5AqRtu8xcHdA8ZIQ=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAZBEMNukOhFCAbBYyTmAcmyzE56kyGzD2ZmhbDk5MVf8eJBEa9+gzf/xkmyB00saCiquunuciPOpDLNbyOztLyyupZdz21sbm3v5Hf3mjKMBYUGDXko2i6RwFkADcUUh3YkgPguh5Y7rE781gMIycLgXo0isH3SD5jHKFFacvKHuQH2rs5wqecAvnES8LwxPsWlllOvOnUnXzCL5hR4kVgpKaAUNSf/1e2FNPYhUJQTKTuWGSk7IUIxymGc68YSIkKHpA8dTQPig7ST6RtjfKyVHvZCoStQeKr+nkiIL+XId3WnT9RAznsT8T+vEyvv0k5YEMUKAjpb5MUcqxBPMsE9JoAqPtKEUMH0rZgOiCBU6eRyOgRr/uVF0iwVrXKxfHdeqFyncWTRATpCJ8hCF6iCblENNRBFj+gZvaI348l4Md6Nj1lrxkhn9tEfGJ8/4RiWPA==</latexit>

hf = →2deEeff + 2WSCS

https://arxiv.org/abs/2212.11841


A bit of dipoles
Crucial for this work are the dipole operators at dimension 6

<latexit sha1_base64="4iiF4tmKNMY3+KADjwjdf1N2SLY="></latexit>

ω →
(
0

v + h↑
2

)T

Spontaneous symmetry breaking and gauge boson eigenstates: 

Matching to our Effective lagrangian:
<latexit sha1_base64="WONYo0DnrJTTkpOihk0EvDRTTH4="></latexit>

LEDM = → i

2
d f̄ωµω ε5f Fµω

But
Solution of RGE (SMEFT or LEFT): Dipole operators at low energy can stem from the mixing 


 under the RGE 

 



A closer look at the SM contribution
Leading contribution given by kaons exchange



UV Completion?
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EFT theories ask for UV completions

<latexit sha1_base64="Imw60yIcTKzlQ003GncWdBshLy8="></latexit>

S = (3, 2, 7/6)

Scalar leptoquarks

<latexit sha1_base64="xXGoY7mmOQByMg+RuN94zlkAwoA="></latexit>

L = gLX
µ
(d̄iRω

µejR + q̄iLω
µεjL +H.c.)

Vector leptoquarks

eR

qL ωL

uR

S

ωL

qL eR

dR

X

<latexit sha1_base64="bfH9murGTG1gsKw/O1nKXkls6bk="></latexit>

Cωequ(3)

<latexit sha1_base64="mtRsVFvK8Bu56ASH4SPK4qWNd34="></latexit>

Cωedq

<latexit sha1_base64="luR95zVoqPAYiH2sP7QcyXpUcrY=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIEULcTSR6EYJePEYwD0iWMDuZTYbMPpiZFeKSL/HiQRGvfoo3/8ZJsgdNLGgoqrrp7nIjzqSyrG8js7a+sbmV3c7t7O7t582Dw5YMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu+Pbmd9+pEKyMHhQk4g6Ph4GzGMEKy31zXwHXaNitYTsEqqcV8/6ZsEqW3OgVWKnpAApGn3zqzcISezTQBGOpezaVqScBAvFCKfTXC+WNMJkjIe0q2mAfSqdZH74FJ1qZYC8UOgKFJqrvycS7Es58V3d6WM1ksveTPzP68bKu3ISFkSxogFZLPJijlSIZimgAROUKD7RBBPB9K2IjLDAROmscjoEe/nlVdKqlO1auXZ/UajfpHFk4RhOoAg2XEId7qABTSAQwzO8wpvxZLwY78bHojVjpDNH8AfG5w/g8JAC</latexit>

X = (3, 1, 2/3)


