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Muon Electric Dipole Moment

A permanent EDM requires T violation,

equivalently CP violation by the CPT Theorem.
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Muon Electric Dipole Moment
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Standard Model Prediction

The muon EDM is heavily suppressed in the SM.
With current sensitivity ~ 10'° larger, we essentially

perform a “background-free” search.

Quark Level ~
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4-loop effect
Cancellation through GIM Mechanism
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Hadronic Level ~
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1-loop effect
L ess cancellation due to different momenta

dﬂ = 1.4 x 1038 ecm
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Lepton Flavour Violation

A BSM model assuming Minimal Flavour Violation (MFV) leads to

a scaling of the lepton EDMS with mass, as expected with Lepton

Flavour Universality (LFU):
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Anomaly

Given the constraints from MEG, and while the g-2 anomalies persist, a BSM theory addressing such
anomalies should decouple e and u sectors, accommodating a large muon EDM.
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Lepton Flavour Violation

The EFT includes terms tfor the magnetic (aaﬁ) and

electric (aaﬁ;/S) dipole moments: y

Heff — C;ffigfgaﬁPRfiFaﬁ + h . C. # #

Expanding the terms (Py = (1 + }/5)/2) and reducing to
low energy limit (dipole form factors as g* — 0), gives:

m
(eff) — ___# . (eff) — _ pit
a, ’ = ; Re(CR ) dﬂ ZIm(CR )
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Lepton Flavour Violation

The EFT includes terms tfor the magnetic (Gaﬁ) and

Heff — C;ffigfﬂaﬁPRfiFaﬂ + h . C. #

Expanding the terms (Py = (1 + }/5)/2) and reducing to
low energy limit (dipole form factors as g* — 0), gives:

m
) _ _”Re(cgﬂ) d/geff) — ZIm(Cgﬂ)

# e

Precision eEDM searches have constrained Im(cy°), but

that of the muon Im(c;") remains largely unconstrained:

arg(c,”) = arctan

electric (aaﬁys) dipole moments: y
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Lepton Flavour Violation

The EFT includes terms for the magnetic (aaﬁ) and
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PHYSICAL REVIEW LETTERS 128, 131803 (2022)

Improved Indirect Limits on Muon Electric Dipole Moment
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The atomic EDM (due to relativistic corrections that
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Improved Indirect Limits on Muon Electric Dipole Moment
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The atomic EDM (due to relativistic corrections that

counter the Schiff Theorem) is scaling as d,, . « a*Z>

Atomic Electrons

C > > €

Low photon momenta inside [l Treat only the dominant E°B

nucleus: g, ~ 30MeV < m, interaction inside the nucleus

dﬂe3
& = (E-B)YE-E-B-B)
127z2m3

Nuclear E(r) field based on J Nuclear B(r,I) field estimated

collective charge properties using shell model

EM field of nucleus
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Indirect Limits

Atomic EDMs can also constrain CP-violating observables.

The atomic EDM (due to relativistic corrections that

counter the Schiff Theorem) is scaling as d,, . « a*Z>

Low photon momenta inside [l Treat only the dominant E°B

nucleus: g, ~ 30MeV < m, interaction inside the nucleus

dﬂe3
& = (E-BE-E)+...
127z2m3

Nuclear E(r) field based on J Nuclear B(r,I) field estimated

collective charge properties using shell model

Calculate the Schiff moment Sy of the nucleus in terms

ot d, and compare to measurement.

Sy = (Nuc. Struct.) X ————m R> 'Hg
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‘Spin Precession in a storage ring
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‘Spin Precession in a storage ring

d_ - - _ — —
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'Experimental Approaches

_ _ 1 3X E _ _ E
Fermilab Q=ﬂ B—|1l4+——— b +ﬂ pXB+—
m a(l — y?) C 2m C

"magic momentum®

~_aq (= 1 fXE nq [ = ; E
J-PARC Q= (B <1+—a(1—y2)> » >-|- o (ﬁxB+C>

"E tield shielding”
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"frozen spin”
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‘Muon g-2 at BNL & Fermilab

Pulsed (avg. bunch freq. 11.4 s™!) muon beam

_ ad — - - .
with magic momentum 3.1 GeV/c O ~ —qB 4 nq ,B % B 2 simultaneous
m 2m precession axes!

Credit: P. Schmidt-Wellenburg
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http://muon-g-2.fnal.gov

'Frozen Spin Technique

Goal: Configure E, B fields such that spin follows velocity vector
and EDM is the only inherent source of spin precession.

A A (s Yz s 1 fXE
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'Frozen Spin Technique

Goal: Configure E, B fields such that spin follows velocity vector
and EDM is the only inherent source of spin precession.

A A (s Yz s 1 fXE
0=0)-0, =" B-—=(- B (1+—a(1_y2)> :
ng { - - E yle - - -

MY U

a<<l1

Frozen Spin Condition : E, ~ aBpfcy”
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'Frozen Spin Technique

Goal: Configure E, B fields such that spin follows velocity vector

and EDM is the only inherent source of spin precession.

_ - _ aq [ - Y = - = 1 pXE
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m v+ 1 a(l — y?) C
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+ﬂ ﬁ)(B—l———y—(ﬂE)ﬂ Exp tal Req t
2m ¢ }/+1 1. Fields L Velocity

2. Precisely tuned E = E;

3. Constrained B, (radial), E,

a<<1 (axial)

Frozen Spin Condition : E, ~ aBpfcy”

Any periodic deviations must be

stable over the timescale of 7,
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muEDM Experiment at PSI

28 MeV/c u™
(7E1 Beamline, PSI)

Superconducting
Injection Chanel

Entrance Detector
(t=0 & trigger signal)
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muEDM Experiment at PSI

28MeV/c u™
(7E1 Beamline, PSI)

Pulse Coils
(pulsed B field)

Superconducting
Injection Chanel

Positron Trackers

Electrodes
(static E field)

Entrance Detector
(t=0 & trigger signal)

Weakly-focusing Coil
(static B field)
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‘Muon g-2/EDM at JPARC

e Pulsed (bunch rate 25 Hz) muon beam with momentum 30 MeV/c.

e [ ongitudinal injection (similar to PSI)

e Electric field cancellation means narrow acceptance phase space.

* Pulsed beam demands bunched injection and measurement
e Ultra-cold muon beam developed for phase space compression.

Energy 4 MeV 25 meV 4.5 MeV 40 MeV 212 MeV
Emittance (mmm + mrad) 1,000 - 1 1 1
Intensity (per sec) 3x10° 9x10° 4x10° 4x10° 4x10°
Resonant "
Laser Spiral

-
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-~ -
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]
; j
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injection

beam transport

Storag
HHHE._ magnet

W1
il
8

(ne) 15t stage

Thermal muonium\/lnium accelerating RFQ
production target electrodes (SOA) IH-DTL

Surface
muon Room temperature
(H-line) muon source

2" stage

Disk-And-Washer Disk-loaded

structure

Muon LINAC

3'd stage

structure

--------
o> e

3x105/sec
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Credit: J-PARC g-2.kek.jp
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‘Challenges: Injection & Storage

B field strength [T]

Z position [m]
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‘Challenges: Injection & Storage
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Injection calculation for illustration only - estimated using coarse field map of 3T solenoid and first
order approximation for evolution of transverse momentum as described. Optimised injections
parameters are the subject of G4Beamline simulations by R. Chakraborty.
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I Outlook for muEDM Phase |

28MeV/c u™
(7E1 Beamline, PSI) %
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