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Why the muon electric dipole moment?




Puzzles in Particle Physics? PSI
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®  Hereis a short list of three unresolved puzzles in particle physics:
e Nature of dark matter

e Matter-antimatter asymmetry

e Hierarchy problem (why the Higgs boson mass is so small)

Sakharov conditions:
 Baryon number violation
e CandCP violation

* Departure from thermal equilibrium



CP Violation

— T T
}[:—ﬁ.B—d.E >
B E B E
CPT

_>theorem electric dipole moments (EDM) of fundamental particles are CP violating

Standard Model sources:
« phase of CKM matrix d, ~ 0(10‘42) e - cml"
« strong CP angle 8 (QCD) d,<1.8x1073° e cm!"

> insufficient to explain excess of matter

> EDMs good probes for new physics



Muon EDM

In effective field theory
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At PSI measure muEDM in a storage ring using the frozen-spin technique

* d, <3x107%'e-cm
* d, <6x107%%e-cm
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Measuring MDM and EDM in a storage
ring




Magnetic Dipole Moment . q .

Larmor precession with Thomas precession
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Electric Dipole Moment 3 q

Additional precession
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Frozen-Spin Technique

Tuning the electric field
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Measuring the muEDM j PSI
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* asymmetry precession too slow

* change of asymmetry with respect to time

* optimize sensitivity by maximizing aVN
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The muEDM experiment




muEDM setup in Geant4!4-€l PS|

heat shield weakly focusing coil

kicker coil electrodes solenoid bore

beamline

correction coils

positron detectors

entrance trigger end cap detector

system
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Background Signals PS|

storage efficiency 0.4% mmmmm) rest background events
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Outlook




Outlook PSI

Preliminary Results for the Injection Studies at Low Magnetic Fields for the
muEDM Experiment by Diego Alejandro Sanz Becerra

future measurement campaigns
— study possible effects on detector signals due to kicker pulse
— characterize muons trajectory
— injection through superconducting channels

— store muons on stable orbit

first muEDM measurement in 2026

Posters

— Detector system to study early-to-late stability of the muEDM experiment by Chavdar
Dutsov

— Electric and magnetic field studies towards muon storage in the search fora muon
electric dipole moment by Timothy Hume
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Thank you!
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CP Violation

T

H=-ji-B—d-E
> electric dipole moments (EDM) of fundamental particles

are CP violating T T
B E

Standard Model contributions:
« phase of CKM matrix d, ~0(10™*) e-cm
« strong CP angle 8 (QCD) d, 58.6%x10738e-cm

> insufficient to explain excess of matter

> EDMs good probes for new physics
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O-termin QCD PSI

g2

3212

possible term due to QCD topological structure

LH -0 Gﬁvéa'ﬂv GV —= _EHVPUGPGG
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* 0 =0+ArgDetM, (chiraltransformation)’ = e'®¥s/Z))

* Induces a neutron electric dipole moment
d, ~(250+1.25)%x1071%0e-cm

With experimental limit on d,, giving =101

* Hadronic light-by-light diagrams give dominant contribution to lepton EDMs!"!

*Tanmoy Bhattacharya, Vincenzo Cirigliano, Rajan Gupta, Emanuele Mereghetti, and Boram Yoon.Contribution of the QCD 8-term to the
nucleon electric dipole moment. In: Physical Review D 103.11 (June 2021)
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Magnetic Dipole Moment q . PSI
U= 92—5
my,
Larmor precession Thomas prec relativistic 4 P
- a 1 - e 1 _)XE D - 5
By =— 22 (1+—)B— Y (Boﬁ)ﬁ-(n )B B S
m Yy a y+1 a(1+y)/ ¢
Cyclotron frequency
- g a 5 Y ExE
wcz_ B 2 § \
m |ya a(y°-1) ¢ :

Spin precession due to anomalous magnetic moment

- - - a |- - 3\ -
wa=w0—wc=q—[B— V (B-B)B—(1+

m y+1 a(‘l-yz)) &

ﬁxE] """""""""

21



22

AW, =0 )

0.4 1

0.2 1

0.0 -

—0.2 1

_04 ]

Ol7r 0.5 T 1|7r 1.5 T 2I7T
U, rad
Angle due to EDM precesseion

1.0
0.9
0.8
0.7

0.6
0.5
-0.4

0.3
Us2
0.1

xemﬂ/g
A8lsus_ o jeuonoel

PSI



Muon Beamlines

Phase |

MeV
C

* Flux0(106 ut*/s)
* d,;<3-107%*'e-cm

* py =28

Phase |l
MeV
hd pﬂ = 125T
* Flux0(108 ut/s)
. du<6-10_23e-cm
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G4beamline Optimization
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* simulation runs for different sets in the parameter space

Electrode HV

Eleétrode
Ground

* surrogate model to optimize for storage efficiency and heat output

* foroptimized parameters achieved 0.4% storage efficiency
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Talks and Posters

Talks

* Preliminary Results for the Injection Studies at Low Magnetic Fields for the
muEDM Experiment by Diego Alejandro Sanz Becerra

Posters

* Detector system to study early-to-late stability of the muEDM experiment by
Chavdar Dustsov

* Electric and magnetic field studies towards muon storage in the search for a
muon electric dipole moment by Timothy Hume
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