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Electric and Magnetic Dipole Moments

Q Definition in the ensemble of particles: n, A, AY, t%

Spin polarization vector:

EDM: & = dup s/2 s=Tr[po] == <§ >

MDM: u = gugs/2 Magneton: ug

Gyro-electric(magnetic) factor: d(g)
U Interaction with EM field

H=—-u-B—-90-FE

P,T Non-zero EDM is a signal of P/T
——H=—u-B+d0-F
i H H T violation, thus CP violation




Why EDM and MDM

T ( [ CPV in CKM not sufficient for
Paramagnetic Ao\ the missing antimatter in the
Atom Multiple higgs .
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Based on N. Yamanak Thesis (2014)



Why EDM and MDM

d Elementary particle: e, u, T

g = 2 + QFT loop correction: i.e muon a=(g-2)/2 measurement

NP effects enhanced for heavy fermion ( m,/m,)" ~ 280

d Composite particle: A, A

+ =+
C’ l—lC XK}

g * 2, depends on inner structures

Probe for baryon structu
low-energy QCD physics,
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LQCD
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Direct access to EDM and MIDM

(1 EDM and MDM extracted from spin procession in EM field

ds
— = SX(Qmpm T Qegpm + L7y)

>

dt
Qumpm = g%(B —#(ﬁ -B)B — BXE)
d
Qppm = %(E —#(ﬁ -E)B — BXB)

J Experimental requirement

v’ Sizable polarized particle source
Significant challenge for short-lived

v' Enough fight length/intense EM field for precession | particles, i.e. A(1071%),A% (107 135) ...

v’ Excellent detector for polarization measurement
via angular analysis



A EDM/MDM measurement at Fermilab

Magnet: 5m, 15Tm d Last direct measurement in 70’s and 80’s

0 0BS '
§ R AOERF’)\{TE_ @Fermilab

- 0 L] Fixed-target experiment with 300GeV
£° PRODUCTION ?

TARGET | | proton beam on Be

[ Reconstructed 3x10° A - pm~ decays

(1 Small transverse polarization ~8%
\

Phys. Rev. D23 (1981) 814
dy, < 1.5%x107'%e cm @ 95% C.L.

EDM sensitivity depends on polarization
and difficult to improve to 1078 e cm

Phys. Rev. Lett. 41 {1978) 1348 O No measurement for A, hence no CPT
up = (=0.613 + 0.004)uy test via MDM



Proposed measurement at LHCb

Run 1-2 detector

Calorimeter

LHCb is a forward spectrometer

2<n<5




Proposed measurement at LHCb

/R
o

ICHI

J Acceptance:
hor. +300 mrad, ver. +250mrad

(J Measured B field values stable
within 0 = +0.07gauss

Qd [ Bdl=4 Tm




Proposed measurement at LHCb

EPJC77(2017)181

= S>A[pr K z" event Tl 12 13

A} E e (d Consider c bayron decays to
o =
A 5 charged final particles
T
< =0 242 layers o : _
= i[l:/\ « O Sensitivity with 50fb~* at LHCb
01 <<]l=p A S
< | R _
VELo S Sl 2 5(A) < 1.3x10718e cm
: e
) el first A MDM measurement at
" T .. . .
T, similar precision
- | i |
y 02F i d Challenging: A decay reconstruction
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Indirect access to hyperon EDM

PHYSICAL REVIEW D VOLUME 47, NUMBER 5 1 MARCH 1993

CP violation in J/¢¥ — A A

Xiao-Gang He, J. P. Ma, and Bruce McKellar

Research Center for High Energy Physics, School of Physics, University of Melbourne, Parkville, Victoria 3052 Australia
(Received 19 November 1992)

We study CP violation in J/9 — AA decay. This decay provides a good place to look for CP
violation. Some observables are very sensitive to the A electric dipole moment da and therefore can

be used to improve the experimental upper bound on da. CP violations in the lepton pair decays
of J/4 and Y are also discussed.

2 _ .
Lepa=— S YYE, 6dA(p,iL - P‘S)CWuCAZWsA
2e . L
H. = d. Measure time-like dipole form
'™ 3m> Jvita factor with g = m;

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834
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BESIII: a hyperon factory

Electromagnetic Mo Connier [ 10billion J /1 collected at BESIII
Calorimeter RPC
CI(TI): L=28 cm Sy el 3 Millions of entangled hyperon-antihyperon pairs
Barrel 0,=2.5% Ospatia=1.48 cm . to— N 5
e spatia produced viae™e J/¥v - BB

n = [ Unigue hyperon physics program due to known

Iayers
center-of-mass energy and spin correlation

NI
‘H

Rare/Semileptonic/radiative decay

Hyperon-Nucleon interaction

e+

CPV in hyperon decay

Main Drift Chamber Time Of Flight

Small cell, 43 layer Plastic scintillator H yperon EDM

Oxy=130 um or(barrel)=80 ps

dE/dx~6% ool 10 s Hyperon production
0p/p=0.5% at 1 GeV (update to 65 ps with MRPC)
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Hyperon EDM sensitivity

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

107 310"
@ BESII(Re(d,) [1 STCF(Re(dy) a STCF+Polar(Re(dy)) =
A~ 7 ~~
& n &
) @ BESII(Im(dy)) [ STCF(Im(d)) a STCF+Polar(im(dy)) ] 5
N N2
~ 10™ = . =10 ~
S - ® o o - S
p— — -1 —
O _ ° o - =
(a7 L o — p—
G o G
© 10"k —10" ©
> = 5 >
= - 3 =
> - A = >
=R P B B B
z 0 “o | . Z
D) 20 i O —102° O
3 107E @ E 0% 2
pr— —O
A > = =

1 Simultaneously determine all free parameters
from full angular analysis

i.e. J /Y - AA
Set of helicity angles
£ = (0,6, 05, ), )
Fitted parameters
A = (P1,Ga, Fu, Hr, an, ay)

O Sensitivity at BESIII and STCF

1071°~107%1 e cm
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A EDM measurement at BESII|

arXiv:2506.19180, submitted to Science

Q 3M J /¢ - AA decays reconstructed, similar statistics
as Fermilab in 1980s

<102 EDM effects visualization

E —&— Fit result of data E
 Preserve CP symmetry and a 3-order-of-magnitude s 0 e d=0eem =
improvement < I T Mil=az x0T eem
g oF .

Re(dp) = (-3.1+£3.2+0.5)x 107" e cm, g 1) SEE— PN — é

< : ] - N
Im(dp) = (2.9+2.6+0.6) x 107 e cm. & sE E
_10: T RS R B RS
0 0.2 0.4 0.6 0.8 1

—8.6x 107 < Re(dy) <3.3x 107" e cm, @ x1) ekl
—25x 107 < Im(dy) <7.2%x 107" : A

m(da) ¢cm 0 = (I,xl,) - k « Re(HyG3)
ldal <6.5%x10° P ecm. @ 95% CL

Nevent(O > 0) - Nevent(O < 0)
Nevent(O > 0) + Nevent(O < 0)

A(0) =
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Complementary to neutron EDM

1.17545 1.1755 1.17555

O Stringent constraints on fundamental parameters 6 and d o e | ' "1 [exclucednya,
Lattice QCD PRC103,015202 (2021) PRD98,091501(2018) s T // | |mxctudedty g,
16 7 2 6.530562 / _: [ Excludedby d and d,
dn = —(15 + 07) X107 6 e cm < 63056 | 4 —
_6.53056’_ — . Unexcluded area

— (0.20 + 0.01)d, + (0.78 + 0.03)d,; + (0.0027 + 0.016)d,

—6.530562

__— arXiv:2506.19180
Valence quark model + QCD vaccum  JHEP12,097(2012) R submitted to Science
—6.530566
— (_ -16 -1.17555 ~1.1755 ~1.17545
dpn=(-2.6+04)%x 107" 0 e cm+ d; : 5o 109
[ Limited by da
Scenario II [ Limited by dy,
1 Recent perturbative QCD analysis . 0 Limited by dufedn
E
d exhibits unique sentivity to strange- T | ]
k CEDM _14 ;; i | K.B.Chen, X.G. He, J.P Ma, X.B Tong,
quar ds < 1.4X10™*cm e Phys.Rev.Lett.136(2026)051902
-1
—2
—4 -2 0 2 4

ds (x1072° e cm) 14



Direct access to EDM and MIDM

(1 EDM and MDM extracted from spin procession in EM field

ds
— = SX(Qmpm T Qegpm + L7y)

>

dt
Qumpm = g%(B —#(ﬁ -B)B — BXE)
d
Qppm = 'ZB (E—m(ﬁ E)B — BXB)

J Experimental requirement

v’ Sizable polarized particle source
Significant challenge for short-lived

v" Enough fight length/intense EM field for precession | particles, i.e. A, 2F, 7+(10713s)

v’ Excellent detector for polarization measurement

via angular analysis
15



Polarized charm baryon source

Q Polarized At and E} sources, produced from fixed-target pW collisions at LHC v/s = 110 GeV

O Indication from A polarization: increases as a function of xy = P, /max(P;)
LHCb-PAPER-2024-009

| 4

< IIII 1 ] IIIIIII

01

L[ —e— LHCb-SMOG pNe |5 = 68.4 GeV

[ ——

——r—

e ———r—

- —

ATLAS pp Vs=7 TeV
HERA-B pC |5y =42 GeV
E799 pBe \sy =39 GeV

NA48 pBe |5y =29 GeV

[ —»— M2 pBe |5 =27 GeV

T
|
;E;

Illllllllll

W] s
——

'IIJI

04
1074

[ Similar measurement progress at LHCb for Af: with pp collisions and SMOG data

1073

1072

107!

AR
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Channeling in bent crystal

d Incident positive charged particle can be trapped by potential well between crystal planes, if
parallel to the planes ( Lindhard 1965 )

g

th.

Lindhard (1965)

.

w-:u'

0.00
-1.25 =075 -0.25 0.25 0.75 1.25

y(A)

d Bent crystals used to steer high-energy particle beams and induce spin precession
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Spin precession in bent crystal

[ Channeled At with <p>~1.8TeV and bending angle 8, = 7mrad, Bytc = 7~10 cm

d Effective crystal electric field E~1GV/cm

A

Y ‘ y d
Bent crystal S KN ; 5! % 5, : 11 — cos @]
X g —
R B P |
o X /,L;, Yl VAR N . NP 5y & 5o €08 @
Wl > S, | gl \\;\I:\\\\; Ui
P NS e
7 oy »____#_},,j:_‘_”;f;"’fﬂ*B* | / « SZ ~ SO S1n
Target = |-| , f E = yE
| l v | 4 B* - E / _ 2
v ~—yBxE/c g
¥ E* d) ~ T}’HC

O Measure final polarization via angular analysis of A} decay

Eur.Phys.J.C(2017)77:828, PRD103,072002(2021)
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TWOCRYST: proof-of-principle test at LHC o

Precession A} Beam Splitting
crystal production loss  crystal Primary

Experimental
(TCCP) target monitor (TCCS) collimator
setup
Beam loss TFT! | Pixel -
detector

monitor detector

-
-
-
’f
”

(o) Oo
/76/),7@/‘/6/@
/  InjectionB2 Sy
/ %
'I
: I
i IR7 Yol
.:} Betatron ~ plit Channeled
| Collimation halo Secondary
) halo
\ 4
,I
Beam

~o
~o
-~
= 4
-
-
-
-
-


https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf

First experience - Success! From R.Cal at EPS2075

Double channeling

Double
channeled
TCCS TCP
A TWOCRYST 4 - E E
Single Preliminary - :
channeled ~ i i
~ 3 3 L , Primary
TWOCRYST T y [ : .
Preliminary = | : : | I | collimator
TFT ' r & Spljt j
detector ~' ‘ng;eled .
VELO o ‘
detector
Beam

TCCP channels the split beam!
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https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf

LHC MD 21-22 June

CERN news

Voir en francais

Towards new physics with bent
crystals

Double crystal channelling was observed for the first time at the LHC, a milestone for
future short-lived particle research

29 AUGUST, 2025 | By InsaMeinke
o Preliminary Results
TWOCRYST ibre Tracker
Meus:r:me:t Dl;ta /
Pixel Tracker /
Measurement Data

First s g channelled
Bent Crystal econ
Bent Crystal



https://home.cern/news/news/experiments/towards-new-physics-bent-crystals

The ALADDIN experlment https://aladdin.web.cern.ch

U?f;rci:n Dipole magnet 1.1 T D0¥2,S§£2?m RICH
TCP Tces targ;‘lzg cp
f:man. \ I i "
‘ms 120m 0.7m proton Beam 2
""" ™ d  First measurement of MDM and EDM in 2 year data taking
£y ALICE \% 1013 Protons on Target

4
/  InjectionB2

Expected sensitivity: MDM 2x107?uy, EDM 3x107%® ecm

Tungsten target: 2 cm thickness
Spectrometer: track reconstruction
, RICH: particle identification

d Charm production in very forward region 5 <1 <9

-
S

IR7

Betatron B 2V

Collimation

.
- =
- - -——

-
-
-

Cd

IR6

’/

\~\
s~~ td

'
Cd
-
-
____
-
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The ALADDIN experiment

https://aladdin.web.cern.ch

RICH

5 m

Upstream ; Downstream
Tracker Dipole magnet 1.1 T Tracker
W target

TCP LS TCccp

‘:_:EFQCGSSIOD
BeamI k v
Halo

< > <« b
kms 120m 0.7 m 1m 1m

RP RP

______

d Further extended for T EDM and g-2

W target

-
-

-
------

Vo J. Fu et al. Phys. Rev. Lett. 123(2019)011801
.’l + AU
! IR7 AvT
|| y Y 3 T
« 1 Betatron A
:‘ Colltirrtlation % +
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—
o
o

1073

10~
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— —15
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Summary

J Extensive EDM and MDM searches are ongoing at BESIIl and LHCb

(J ALADDIN: a new proposal for charm baryon and tau, presenting a challenging but
unique opportunity to test SM and search for new physics, aim to start data taking
in Run4

2026 2029
PoP test Construction, Installation Commissioning, data taking
: > >
Run3 LS3 Run4
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Bent crystal testbeam at CERN SPS

[ Two silicon crystals: splitting crystal (TCCS) and precession crystal (TCCP)
d Produced by INFN Ferrara (A.Mazzolari), tested at SPS H8 with 180GeV/c hadron beam (Aug. 2023)

T1 T2 crystal T3 Cca C5

Beam — |

= —

S '
L L__| L__| — _

(0] 9.21 9.64 10.12 14.975 20.82
> z/ M
TCCS: 4mm, 50 urad channeling eff. 60% TCCP: 70mm, 7mrad channeling eff. 16%

104 4
Eff p = 0.597 = 0.002
3000 1

preliminary

34
2500 4 10

2000 1
]

c 102 4
5 3
3 1500 -

000 -
1 10! 4

500 4

100 -

T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000

-150 -100 =50 0 50 100 150
6x,out — Bx,in [Hrad]

6x,0ut — Bx,in [Hrad]
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Detectors

From R.Cai at EPS2025

VELO silicon
pixel detector

Fibre tracker
Recovered from
ATLAS-ALFA

Courtesy of S. Jakobsen
Courtesy of S. Cesare
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https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf

Roman Pot and Pixel detector

ATLAS-ALFA Roman Pot station

Detector housing

==

“‘P-EE\ | 75

u

|
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¢
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[ |8
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W
W\
W

g

0T
850
av

22

CMS-TOTEM top part
and new closing flange

LHCb VELO module assembled
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Spectrometer

dipole magnet

100 cm

70 cm

1 Cover the pseudorapidity 5<n <9

J VELO pixel sensors in four Roman Pots,
two layers for each RP

A dipole magnet MCBWYV available in situ:
B=1.1T and L=1.7m

channelled A¥

140
mean:1.82 TeV
ms:0.63 Tev
120
100 A c

{p)=1.8TeV/c

0.5 1.0 15 2.0 2.5 3.0 3.5 4.0

Momentum [TeV/c]

Momentum resolution

2500 3000
p [GeV]

200 4

A} acc & reco [%)

A} daughters

—
[ [ D (03] o
(=] (—] (=] o o

o
T

0

500 1000 1500 2000 2500 3000

Momentum [GeV/c]

PERTEN IFRRT R SE L 0

PRI B i
0.8 0.9 1.0
lever arm [m)]
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RICH

>750 cm

Photosensor
array —

Helium (or neon) \

Track

y

Beam-pipe with exit window

U O O O

Helium or Neon as radiator gas

SiPM for photon readout

___ Mirror

Excellent background rejection can be achieved

>|5cm

High-momentum charged particles at 1TeV/c range

~
(e]
~

Separation (sigma)

N, =

(b) End view
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Photon 7" ey -
impact
points
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7

Vessel wall
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Hyperon polarization

Q Amplitude for /1y - BB, F, and Hy for P and CP violation

~

X
Polarization

_ l v
M, 2, = €,(A1 — Ay) (4, py) (FV}’” o %G’W%Ha + 7"y’ F 4 + o }’S%HT) v(42, p2)

 Transverse polarization if non-zero A®

G, -G —
FV :Gl —4m2 ( L 2)2 HO_ :4m2 (Gl G2)2
(P1—P2) (P1—Dp2)
PRL129, 131801(2022 Nature 606, 64 (2022
Arr. = M?J /y|G1]>~4m?*|G,|> G _ |G| -0 02 ( ) 0.50 o
T/w = M2J)y|G1[*+4m?|G,? G, |G, "ot ]/ — AR L a) B, |

< 0.05F

Polarization:

—+— Data
— Signal MC

0.5 J/P _)E_“//r\'\
0.00
— PHSP MC

fl—aﬁ,cosesine -a1g ~0.25
P, (cosf) = sin(A®D) SRR

5
1+ay, cos? 6 R G e
21 0.5 0 0.5 1 —=0.50
cos6,
A® = (0.7521 + 0.0042 + 0.0066) rad A® = (1.213 + 0.046 + 0.016) rad
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do
dQ X ZR )‘17)‘27 17)‘,2)
[A] Type I:
D2 (61,01) D332 (61, 00)H3, Moy ete™ > ]y > AR, A-pr”
DY (62, 02) D5 (6, 02) 3, A, ete” ~ ]/ > X2, X0 pr?

R(Ala >\27 )‘/17 )‘/ OC Z Pm m’dm AL — A2 (Q)di;,l)\’l_)\é (0)

m,m’

b
X M)\l A2MA/ A/ 5m m/,

o'quyHo

Mo = e = X)) (Fyy + 5o
+HY° Fa 4+ 0" q, Hr)v(A2, p2).
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do

[A]

-5 D R(A1, Ag; AL, Ap)

xj=1/2
A1,A3

) (¢1,61)

DR (62,0) D N7 (82, 02)
*3 1/2(¢37 3)DJ 1)\/52(¢3,93)f;:5f)\5

) (¢4, 04)

A JA5
*x7=1/2
D>\4,>\6/ (¢4’94

R(Ala >\27 )‘/17 )‘/ OC Z Pm m’dm AL — A2 (Q)di;,l)\’l_)\é (0)

M x, = €u(A1 — X2) (A1, p1) (Fvy" +

m,m’

b
X M)\l A2MA/ A/ 5m m/,

w f
ZMU Qvils

+y*y° Fa + 0" v°q, Hr)v(A2, p2).
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do J Lee-Yang parameters in hyperon weak decays
/
7 & D R(A1, Ag; AL, Ap) defined by helicity amplitude H and F
[A]
2 2 2 2
i _ . = (|H — |H_ H + |H_
DAZ,A13/2(¢1,91)D‘Z\,1’1)\/é)2(¢1,Hl)HABHAg a = (|Hipz|" = |Hoapo| V(| Hypo|” + |Hog)2])
. . _ _ _ * 2 2
D3I (9, 02) D3 3 (2, 02) 3, oy, B = 2Im(Hy 2 Hy pp)/([Hype|” + [Hovfe])
* * _ * 2 2
Aj >\15/2(¢3, 03) D, Dl 1>\/52(¢3,93)f,\5.7:>\5 y = 2Re(Hy2H21/2)/(|Hap2|" + |H-12|)
x7=1/2 =1/2 % T
D>\i>\6/ (¢4’94)Dig,x/6 (64, 04)F 3 F s J CP-violating observables

. Acp = (a+a)/(a—a)
RO, A My A) o< 3 prme L (OIS, (6) i S
m,m’ T 2 Bcp:(ﬁ+,3)/(0(—a)

X ./\/l>\1 >\2M§\/ AL 5m m’s
F, and Hy not necessary

O'NVQVHJ

M, x, = €A1 — A2)a(A1, pr) (Fvy™ + .
Me = €u(A1 = A2)a(Ar, p1) (Fyy” 2M Several measurements from BESIII with

+747°Fa + 0"y q, Hr)v(A2, p2). world-leading precision
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Angular distribution

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023)

do
a0 & %R(Al,Az; 1 A)

R\, A3 ML) o Y |pmmidin s, o, (005 (6)

m,m
*
X M)\l ,>\2M)\’1,)\'2 5m,m’,
1

M)\1,>\2 - e,u()‘l — AZ)E(Alapl)(FV’YM T 2MA

+’Y“’Y5FA + 0“”’75quHT)U(>\2,P2)-

o'quyHo

Longitudinal polarization of j/i, P, relative

difference between p, . and p__

OR — Oy, . —Sin29%f,f—l—3/8 M%/y/

or +or 2sin® & cos? O m2

pL:AgR:
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