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CPV and LFV searches

Marc Riembau
CERN
6th October 2023



RKCD

P52

CKM
pcrv oV
p LFY o
r-v:'b?
p rofec A k‘
} 5 ¢ + 3 >
wetet /6ev eV T ‘/501' difarce

Experiments testing near-global SM symmetries can test dynamics at distances
beyond TeV scale
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5 3 % SM contribution is ridiculously small,
e EDM is a clear sign of New Phisics




Hints for this simplicity are old, coming from non-violations of accidental and approximate SM symmetries.
In particular, CP:

Larger Higgs-Boson-Exchange Terms in the Neutron Electric Dipole Moment

Steven Weinberg

Theory Group, Department of Physics, University of Texas, Austin, Texas 78712
(Received 25 August 1989)

The neutron electric dipole moment (d,) due to Higgs-boson exchange is reconsidered, now without
assuming that Higgs-boson exchange is solely responsible for K — 2z. The dominant contribution to d»
arises from a three-gluon operator, produced in integrating out top quarks and neutral Higgs bosons.
The estimated result together with current experimental bounds on d, show, even for the largest plausi-
ble Higgs-boson masses, that CP is not maximally violated in neutral-Higgs-boson exchange.

This is very large compared with other contributions,
and potentially in conflict with the experimental results
for d,, (—14+6)%1072° ecm from Leningrad®® and
(—3+5)x107% ecm from Grenoble.?! We do not
know mpy or my,, but the experimental lower bound on m,
is rapidly increasing, and it is hard to imagine that my
could be larger than 10m,. This gives'> h > 0.015. The
experimental bound?' |d,| <1.2x10~% ecm thus re-
quires that |ImZ,| <8x10~°. Our conclusion is that
CP is not maximally violated in the neutral Higgs sec-
tor.!* The only way that I can see for this to be natural
is for the Higgs sector to be very simple: no more than
two doublets, and with two doublets, no mixing with any
scalar singlets.



Evolution of electron EDM constraints
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Evolution of electron EDM constraints
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Translation of eEDM constraints to particle physics:

de 1 Me
— ~ 16:272 A2 — A > 3TeV

Relevant constraints even at two loops.

We want to characterize all effects that enter with

Two \OOPS Chiva\i‘m ‘F\ip @ emhan@

This is the key to help organize
The contributions
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Only 4-fermion to enter at one loop
The others do not have the correct structure
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Due to approximate accidental cancellation, 1/2+2 Qe sin*2 ~ 0.04, Z boson contribution negligible.
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Ow, Ocp

Two loop, log”2 contribution competes with the single loop, no log contribution
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Accidental cancellation makes it smaller and only hypercharge contrivutes fo EDM
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Impact on BSM
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Power counting of the Wilson coefficients

Fix A=10 TeV

tree-level two-loops
C W _ Cleqm —t
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Table uses ACME-II bounds. Multiply by ~0.5 to get current constraints!
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neutron EDM

Current constraints:
nEDM(PSl):  dn, < 1.8-107%°¢-cm

Future constraints:
n2EDM (PSI):  d,, < 10727 e - cm

LD g GG + myuue® + mydde™® — 0+ 6, + 04 < 10710

3272
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neutron EDM
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Kley, Theil, Venturini, Weiler ‘22

A = 5TeV
Operator RGE only  RGE + finite
Cys  940-1073g2  7.81-1073g2
Cyp  204-10°%7  1.53-10%"7
Cowe 299-W07g° 262-W'g?
Cuwg 1.76-107'gg’ 1.61-10'gg’
= — 3.46 - 10%g3
Cx 4.74-107%g3  6.91-107°g3
Operator RGE only RGE + finite
Im Crrya 187 10-2g2 2.08-10~%g7
Im Cyy — 1.03-102g"2
Re CHud — 3.563- 10732
Im Cyp - 1.33-10°),
fm Cyp — 1.33 - 10%),

+ many 4-fermions...
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proton EDM

nEDM (PSl):  dp, < 1.8-107%°¢e-cm
Current constraints:
pEDM (199Hg): d, <~ 107** ¢ - cm

Future:
Storage ring (COSY, Julich, Germany):  d, < 107%° ¢ - cm

PROTON EDM RING
COSY at Jiilich supported by EPPSU as possible site for developing the project

S
X *
N
£/ X
/ \
+|+ Final ring |
i 2~ 150 m
Prototype E/B ring N 'Y
~30m¢@ N ’
Ongomg precursor experiment R —

at Julich (magnetic ring)

"‘“ ccw

TDR for prototype ring in preparation by CPEDM Collaboration (incl. CERN)
issues to be solved: lattice, deflectors, RF cavities, B-shield, BPMs...

C. Vallée, HCP Summer School 2023 Particle Physics Beyond Colliders
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proton EDM

nEDM (PSl):  dp, < 1.8-107%°¢e-cm
Current constraints:
pEDM (199Hg): d, <~ 107** ¢ - cm

Future:
Storage ring (COSY, Julich, Germany):  d, < 107%° ¢ - cm

slide from E. Stephenson, March 23, 2023, The search for p EDM using electric storage ring

107"° 4 1 —&— Neutron EDM (Achieved)
—8— Proton EDM indirect (Achieved)
==l L proton taken from
9Hg limit using a
E 10723 Sail i i
e Q/ screening calculation
% 10—25 ol
3
2 . goal of experiment
—+— by end of decade
1029 - 4

Year

1960 1970 1980 1990 2000 2010 2024 2030 2040 [ ]

today
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proton EDM
J. Pertz (JEDI and CPEDM collaborations)
DOI: 10.22323/1.412.0026
vV
o = 4 [o8-53(5-8) (0 -5) 2]
o (ﬁMDM-I-QEDM)Xg . ng [ = i ol ol .
- ﬂ = @ — —o_ ﬂ —
=gy -5=(1+G) -5 d=ng 5,
GBcfry? . . s
r = 1 — GB,@?"}*Q — Spin precession sensitive to p EDM

ostat(1year) = 2.4 x 107* e - cm
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Current constraints:
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MEG (PSI)
Br(p — ey) <4.2-107%

Future constraints:

SINDRUM-II (PSI)
R(uN —eN) <7-107%

SINDRUM (PSI)
Br(pu — eee) < 10712

MEG-II (PSI)
Br(p — ey) <6.0-10714

Mu2e (Fermilab)
R(uN — eN) < 7-10"%7

Mug3e (PSI)
Br(p — eee) < 1071°
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Elias-Mir6, Fernandez, Gumus, Pomarol ‘22
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Conclusions

In the near future, EDM and LFV searches are expected to improve
from one to four orders of magnitude,

constraining generic microscopic sources even at the multi-TeV scale
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