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RELATIVISTIC ENHANCEMENT
of ELECTRON EDM
IN A PARAMAGNETIC ATOM

e« ONE-ELECTRON CENTRAL FIELD APPROXIMATION:

Hamiltonian before EDM perturbation:

H=coaep+mecyy-el(®; + Do)
O.=—E,°r

* |y> are the eigenstates of H

e EDM perturbation: Choosing B =0, we have:
HEDM:_deYOZ.E (E = Ei + Ee)
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» Separate into two parts:

Hepy = —de 2 E—d(yo— D Z*E

SURVIVES IN N.R. LIMIT VANISHES IN N.R. LIMIT

CONTRIBUTES NOTHING
TO FIRST ORDER ENERGY SHIFT
(SCHIFF’S THEOREM)

AE = (Yl —da(yg-1) ZE | ¢)

H=H0—|el(1)e

> <PplEez 1>
Eg - Eq

lp> = hp > + lel %

= hp > + lelEg I >

3¢
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- AE =yl - (yg-1) SoE | ) =
=—de Ec{wol(vo— DZzlwo)
—dEc[in ! (vg—D) Z * Eit wo) + (W ! (yg-1) =« Ejln)]

R =2lel > Wl (YO_l)i'fi I;gn)(w nlZ[Wo)

(Wnlzhpg) =ag

Eg-E,=.1 62/30

Zlel?

el(Wol (Yo~ 1)Z°E; wp) ~Z2 o2 « ==
a(

. R=10Z3 02
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ENHANCEMENT FACTORS

IR|= g—a ~10Z3 o2
C

ATOM Z STATE R
Na 11 32S1/p 0.3
Rb 37 52S1/2 30
Cs 55 62S1p 114
Fr 87 72S1» 1100
Tl 81 62P1/5 -585

Wi kil AL A il Bl i e il B S SRR S S S S—— e I WV Sy S e S S— T — — — R S— — —

Very large enhancement factors for
certain paramagnetic molecules...

YbF, CdF, PbO, ...
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CONTRIBUTIONS TO d,

DIAMAGNETIC ATOMS (199%g, 129%e )

* NUCLEONIC EDM
« P,T- ODD N-N INTERACTION

« P,T- ODD e-N INTERACTION
(TENSOR-PSEUDOTENSOR)

PARAMAGNETIC RATOMS (135cs, 2051))
e ELECTRON EDM

* P,T -ODD e-N INTERACTION
( SCALAR - PSEUDOSCAILAR )

* EFFECTS INDUCED BY RADIATIVE CORRECTIONS FROM
STANDARD WEAK INTERACTIONS:

C, T ODD e-e, e-N COUPLINGS
T- ODD BETA DECAY COUPLINGS

35
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P.T -ODD e-N INTERACTION

P-ODD NON-DERIVATIVE COUPLING FORMS:

NN ¢ & yse S-PS
NyMNOényYSe V-A
NGW\N e soUAy se  T-PT T-oDdD
NYMYSNo eyMe A-V
N ysN e ée PS-S
He N = i%

A

z (CSNiNi[éY 56] + Cp NiOM)LNiI:EOMJ\.Y 56] +Cp NiY5Ni|:ée:D

=1
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DIAMAGNETIC ATOMS

. 199Hg E.N. Fortson and co-workers
Univ.of Washington, Seattle

[ J. Jacobs et al Phys. Rev. A 52, 3521 (1995)]
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e aap aan mn e ow -

Gradient —'@

d(199Hg)l < 8.7 « 10728 ¢ cm.



E. Commins, SSI 1999

38

DIAMAGNETIC ATOMS

(continued)
« NEW 199Hg Experiment: (E.N. Fortson and co.)

Discharge lamp — Laser source
Higher Hg densities
Better control of systematics (2 cells — 4 cells)

Hopes for improvement by factor of = 30

. 129%e + 3He Dual MASER

R. Walsworth (Harvard-Smithsonian),
T. Chupp (Michigan) and co-workers

[ R.E. Stoner et al Phys. Rev.Lett. 77, 3971 (1996)]

| -28
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Nested Magneuc Sheids ——
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ELECTRON EDM SEARCHES

RECENT PAST, PRESENT, AND NEAR FUTURE

« CELL OPTICAL PUMPING (133Cs)

L. Hunter (Amherst, 1989)

« ATOM TRAPPING IN SOLID HELIUM (133Cs)

S. Kanorsky et al (Munich)

« ATOM VAPOR COOLING, TRAPPING (133¢Cg)

S. Chu (Stanford )
D. Weiss (Berkeley)

« PARAMAGNETIC MOLECULES

E. Hinds (Brighton, U.K.) (Yb F)
D. DeMille (Yale) (Pob O *)
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SEARCH FOR THE ELECTRON
ELECTRIC DIPOLE MOMENT
1999

B.C. Regan (graduate student)
D.P. DeMille ( former post-doc, now at Yale)
Christian Schmidt (post doc)

E.D. Commins

University of California, Berkeley and L.B.N.L.

¢
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ATOM 4 gnd config State
Gold (Au) 79  ..5d10 6s S1p
Mercury (Hg) 80 ..5d10 652 S0
Thallium (T1) 81 ..5d10 652 6p 2P

Lead (Pb) 82

... 5410 652 6p?

4z
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F=1

12.4 GHz T =7¢10"s.
F=0

(METASTABLE)
F=1
1/2
\ 21.3 GHz
F=0

ENERGY LEVELS OF 29°Ti
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4
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THE KExv EFFECT

B = BO—I—%-EXV

v!Bl=V\/B8+ZBO°E§V+(EXV)2

C
E x
’"""V(lBOl"'BO' ClBgl)

THE TROUBLESOME TERM IS:

, EXv
B
0" ¢|By

M
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ELECTRON EDM SEARCH
1994 RESULT

de = [1.8 £1.2 (stat.)£1.0 (syst.)] « 1027 e cm

E.D. Commins, S.B. Ross, D.DeMille, and B.C. Regan

Phys. Rev. A 50, 2960, 1994

CONTRIBUTIONS TO UNCERTAINTIES

STATISTICAL SYSTEMATIC
“Magnetic’” noise Exv
Laser freq fluctuations Geometric phase
Laser power fluctuations Leakage, charging
currents

Atomic beam fluctuations

Shot noise

47
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ELECTRON EDM
SEARCH

MAJOR IMPROVEMENTS

- PAIRED ATOMIC BEAMS
NOISE REDUCED BY FACTOR OF 10

- SODIUM - THALLIUM

Exv
Geometric Phase

Charging and Leakage currents

- MISCELLANEOUS

More efficient detection

Higher oven fluxes

5o
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SODIUM [ NA]

{&

190 MHz

b

Z=11

LOW -LYING LEVELS

F=2
F=1

a9
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ATOMIC BEAMS
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FIG. 5. Typical optical resonances observed with 535-nm
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F=2
5 gtwo MHZ 32p
F=1 1/2

590 nm
F=2
1770 MHZ 2
3 S1/2
F=1

SODIUM OPTICAL PUMPING

7



E. Commins, SSI 1999

CB2097 0318 Py

6.00
S
5.50
525
5.00 -
475-
450
4.25
4.00
3.75
3.50
3.25
3.00
275
2.50-
225
2.00
1.75
1.50




E. Commins, S81 1999

e

g
S T T T T T T T
a=3ni4 .u.. °o°°o
. o
2 g 8 ] \ . o o
— ® [+]
% ooooooo L * ° o .....‘
j o° o e L o o e
o
.06 W"'. o o oe o
i °°°°o° o°". ® *° o°
— (o) pO .. .. Oo
g '....o o ®0 ® O
<
o 0 £ = o . L
% .
= / oe
_(/_) o .
O 2 _ (X - “37{/4 [») ¢ b ®
o o ° .
o] o ® ®
DOOQ .-.
0.0 1 ] ] ] 1 1 !
-750 -zZ00 -i5%0 -100 -20 O 50 10C

APPLIED FREQ - RES. FREQ, H{Z



E. Commins, S51 1999 Page 1 E‘
Intitled 1 &

6/20/97 03:29 PM

'osfm—¥rl——wrrﬁ*' . f— el

0.7

Ko 1

04

03-——-- - - e , -
71.4E+3 71.6E+3 71.8E+3 72.0E+3  722E+3  T2.4E+3

1.3-
12

11

We 22

“ 1 1.0_'

0.8 -
\

v \

o T T T
72. 2E+3 ?2.4E+3 72.6E+3 72.8E+23 73.0E+3 73 2E+3 ‘ f

0.7




E. Commins, S81 1999

COMPARISON OF
SODIUM AND THALLIUM

THALLIUM SODIUM
ATOMIC NO. Z 81 11
AV BEAM VEL 4104 cm/s 1105 cm/s
ENHANCEMENT R -.585 0.3

OBSERVED STATES  62Pys, F=1 32812,

F=2 F=1
gF gF:l =1/3 gF:Z = 172
gF=1 = -1/2
E x v EFFECT, SAME SIGN FOR
LEAKAGE CURRENTS F=2 , F=1
GEOMETRIC PHASE OPPOSITE SIGN FOR

F=2 , F=1
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PRESENT STATUS:
e Statistics:

At present:
1.810-27 ¢ cm in 1 hour

Previous published result:
1.8¢10727 € cm in 150 hours

« Vastly improved control over systematics
from double beam system, Na-Tl comparison,
more sophisticated magnetic field system.

WE ARE TAKING DATA
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SUMMARY OF EDM RESULTS

SYSTEM UPPER LIMIT
dp 61026 ¢ cm
QCD PHASE 8cp 410710
dyol(T1 F) 4.6 ¢ 1023 ¢ cm
dproton 1+1023 e cm
d, (199Hg) 8.7+ 1028 ¢ cm
Schiff moment Qg 2.210° 1 ¢ cm3
N (nucleon-nucleon) 1.6+ 1073
Mg (quark-quark) 3.4+ 106
e (SUSY) 7« 10°3

Ct (electron-nucleon) 1.3+ 1078

€4
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SUMMARY, CONTINUED
SYSTEM UPPER LIMIT
d, (2057 2301024 ¢ cm

de 4+1027 ¢ cm
Cgq (electron-nucleon) 41077

£eSUSY 40102

1)



