False EDM from Geometric phase

« Commins Am J Phys 59, 1077 (91)

 Pendlebury et al PRA 70 032102 (04)

— Classical spin trajectory in rotating frame
 recall Gamblin and Carver PR 138, A946 (65)

e Lamoreaux and Golub PRA 71 032104
(05)
— Perturbation theory approach (density
function)

* Recall Colegrove & Walters PR 139, A1398 (65)

Caveats: - assembled without notes in last 24 hours
- has a strong neutron & 3He focus



Geometric phase contributions

 Recall EDM measurements rely on E-field
dependent frequency shift wrt Larmor precession

frequency o, = v, B,

e B-Gradients combined with v X E field can shift ®

— Precession phase +/- Geo. phase
— Can lead to false EDM: phase shift oC E-field direction

e Impacts both neutron and magnetometers

— Magnetometers (e.g. 19°Hg & 3He) pick up phase at
different rate due to higher velocities



False EDM from Geometric phase

 Geometric phase contribution to false EDM’s
depends on radial fields perpendicular to B, that

rotate as one circulates about B

— These can result from dB,/dz in the diagram below
— Will add to the motional v x E field seen by moving

particle
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False EDMs from
B. = v x E field

Radial B-field due to gradient

v

2R

e Motion in B—field shifts the
— N~ precession frequency -, :

oy Ta(BFIT, xE /7]
4(0)0 $VH/R)

e + due to different trajectories

v X E field e Does NOT average to 0

changes sign with e Gives Aw that depends on
neutron direction direction of E



Adiabatic vs Non-Adiabatic Cases

UCN usually adiabatic, magnetometers usually non-
adiabatic

Consider cylindrical box of radius R

Time to circulate around box < 2rnR/v
— This is a frequency wg ~ VIR

Geo. Phase depends on size of o
— For slow velocities |og| < |oy| = adiabatic
— For high velocities |og| > |®y] =2 non-adiabatic



Adiabatic false EDM d;

« Pendlebury et al formula (for simple orbit at v)
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— After averaging over orbits d; depends on <E>V |

: : : : OB, /dz
— Since magnetic coils give ( B ]zconstant - d; ~ 1/B,
o o ~— o 1/time to circulate cell
— d; has a resonant term 1 o TR
or

« Somewhat washed out by averaging
— Can be related directly to Berry’s phase



False din (x 102° e-cm)
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Non-adiabatic false EDM

o Simple orbit at velocity v gives
(e, 7v’R* | 1

d. = $ ; (SI

' 2(82)[02) a)(f 5D

— d; again has a resonant term

. . . oB
— After averaging over orbits d; again depends on< azz>

« NOTE: Above formula underestimates d; if complex gradients
exist

(factor of 1.5 — 7 for OILL experiment)
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Effects of Collisions

o Collisions can produce very fast rotation of the

v X E B-field =4
o R

e Calculation of spin re-orientation (Pendlebury et al)
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FIG. 6. (Color online) A transient oscillation following an in- SlOWIy_ But needs a
stantaneous rotation of B, at a collision. The resulting false EDM few Larmor periods to
settles down to the same wvalue as it would have had if the head of |
the B,, vector had followed a straight line slowly to the new settle down!

position.



But If collisions are fast, less phase
IS accumulated

 Collisional reduction of d; for adiabatic case
1

dfnOC

— Numerical calculations give vV
for mean free path = A 1+[a) lj
: .. 0
— But can’t use collisions for . iam
neutrons! " colision

e Collisional reduction for non-adiabatic case
]
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OILL Geometric Phase

GEOMETRIC-PHASE-INDUCED FALSE ELECTRIC...

R OILL uses frequency ratio
:? measurements to characterize
5 | _%J : systematic uncertainties due to
3 I“'# geometric phase.
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FIG. 13, (Color online) A subset of data from the neutron EDM
experiment at the JLL, showing the measured false EDM as a func-
ticn of the measured neutron to mercury frequency ratio. We expect 7/Hg
this frequency ratio to be proportional to the magnetic field gradi-
ent. (Small, constant vertical offsets have been applied to the data in
each plot.)



Summary

 False EDMs from geo. phase depend on
velocity, B,, B-gradients, collisions, ...
— Real EDMs don’t !!
— Several handles to check systematics
— Can make effects larger/smaller

e To achieve d.~ 1x1028 e-cm requires

L /%) 1e107/cm at10 mg
B, \ 0z

* Interesting questions for next generation
experiments
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