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1. Muon Electric Dipole Moment

The electric dipole moment (EDM), 1s given by:

d=n—3

2mc

d,~107%*% e cm (SM Prediction) [1]
d,~107*' —107%”¢ cm (BSM Predictions)
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Contributing processes to allepton EDM are at the 3-loop level in the
Standard Model and 1n Beyond Standard Model Physics (e.g. Higgs
Doublet) [2]
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For EDM = 0, the phase vs vertical hit position 1s symmetric

PhaseAsymmetry_AllCalos,Edep > 1.0 GeV

S 300 =
8 - 2 | ndf 0.9306/6
E 250F Prob 0.9881
b = ¢ -164.1+ 23.68
OUTWARD DECAYS INWARD DECAYS 8 200— : 1499 166
o 1505_ ¥ 0.01617 = 0.1624
3 E 1459 + 16.6
0 % 100—
e -t =
0 m 50/
w g =
" Z oF-
Q Cz) B
-50—
100
150/ p 0
:l | | | | 1 1 1 | | | ! 1 I 1 1 1 1 l 1 1 1 | I | 1 1
BOttOm Sy 2 -1 0 1 2 s 3 TOp
I

For EDM # 0, the phase vs vertical hit position 1s asymmetric as the

precession plane 1s tilted
PhaseAsymmetry AllCalos,Edep > 1.0 GeV
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For EDM = 0, the phase vs vertical hit position 1s symmetric
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2. Current Research Status

There are direct and indirect limits:

Direct limit:
‘dul < 1.8x107 % ecm

Based on the BNL Muon g-2 experiment[3]

Indirect limits:
‘dﬂ‘ <19%x107%% ¢ cm

Based on the dy 4, dip EDM[4]

‘du‘ = %\de\ < 2.3%x107%" ecm

Assuming minimal flavor violation

Expected sensitivity at the Fermilab E989:

‘du‘ <107 ecm

4. Calorimeter Phase Method Analysis
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overall detector / \

phase offset a quantity proportional vertical
to the muon EDM detector offset

Muon) 5 Oscillation due
decay to precession

phase changes
not related to EDM

S. Run2 Preliminary Analysis

EDM vs calo_num X2 / ndf 0.9081 / 23 g vs calo_num X2 / ndf 1.945/ 23
-E'1_2__""r""r""Prob 1 'E'G:_ —rT ————1———1 Prob 1
E 11 p0 0.2073 = 0.1158 = - p0 5.043 +0.1158
.g B " .8 5.8__ =
.E. 0'8:_ E E 5.6 .

w’ 0.6 = o 5.4 { m

B + ° 5 : [ I + f
0.4 ’ . . 5.2 ! | . |
0-2: * . el 14 g | o 1 5 - r ——t 2 _

¢ ? ? ? JAREREPEK; | ? o 5
0— ° * g 48_ . * + 5]

n E + o
-0.2F b 46 -
~0.4 . 440 ;
_0.6F E 4.2 =

I T I B T

Calorimeter number Calorimeter number

y offset vs calo_num ¥2 | ndf 0.4442 / 23 phase offset vs calo_num ¥2 | ndf 0.7126 / 23
-E'ozsz_""r""r"”Prob 1 — i —T————— 1 Prob 1
E E p0 0.03106 +0.03291 |  S1.08f PO ~1.105 + 0.004184
e>co.25_ | —E g F '

0.15F | | : -1.091- )

0.1F E L oL |

0.05F* tel ' T, ] T A1t elel T Tall 1

ARG . K ™ T% ™1 T+ ¢ 1  » K Peo |4 e | ? * i

oF ! ? 4 t . -1.11F I | :
~0.05F 2 F || :
0.1E | : -1.12 ]

_0_152- | ~ -1.13F .

-02F . e s ¢ s s o W oo uwm s g p g sy ;

0 5 10 15 20 25 0 5 10 15 20 25

Calorimeter number Calorimeter number

Summary References

1. Muon EDM is a sensitive probe
to BSM physics;

2. A more sensitive search for
muon EDM is currently underway
at Fermilab Muon g-2

1.Phys. Rev. D 89 (2014) 056006

2.HEP - Ph (1997) 9707544
3.Phys. Rev. D 80 (2009) 052008
4.Phys. Rev. Lett 128 (2022) 13180




