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Tl-beam exp-t: |d, | < 1.6x10%" e-cm
[B. Regan et al., PRL 88, 071805 (2002)]

YbF-beam exp-t: |d.]| <1.05x10%" e-cm
[J. Hudson et al., Nature 473, 493
(2011)]

ThO-beam exp-t: |d.]| <8.7x10%° e-cm
[ACME Collaboration, Science 1248213
[DOI:10.1126/science.1248213],
arXiv:1310.7534 ]



Experimental detection of an EDM
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Sensitivity problem

Suppose d,=8.7-10°e-cm (current limit)
In a field 100 kv/cm w ~ nHz



The magnetic field problem

Suppose d,=8.7-10°e-cm (current limit)
In a field 100 kv/cm w ~ nHz
When pgB equal this? B ~ G




Solution: Atoms and Molecules

Atoms: w = 2Kd - E - El
Molecules: w=2P(E)d, Ey .

— 2dy Egg T

> E2
YbF: d.
E.«=22 GV/cm [Skripnikov et. al. to be
published]

ThO:

E_+=84 GV/cm [L. V. Skripnikov, A. N. Petrov, and
A. V. Titov, JCP, 139, 221103
(2013) ]



Statistical sensitivity to EDM

N uncorrelated systems with coherence time 7




Statistical sensitivity to EDM

ThO:

Photon counts/pulse: N,=8.2-10°

Ablation laser repetition rate: R=10 Hz
N=N,RT

E =84 GV/cm

Coherence time (time of flight): T=1.5 ms

&, =3-10%e-cm/+/D



Statistical sensitivity to EDM

YbF new experiment

(Tarbut et. al. arXiv:1302.2870):
Laser cooling —

1/2 sec flight time (1) instead of 1/2 ms

&, =3-10"e.cm/+D



Systematic errors

» Change of electric field magnitude on
reversal

* Motional magnetic field
» Geometric phase
* efc



Ground rotational level J=1 for diatomics with Q=1
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Ground rotational level J=1 for diatomics with Q=1

le>=1Q=1>-1Q=-1>,J=1 (negative)

| £} doubling = 10 - 50 MHz=z

It> =1 Q=1>+ 1 Q=-1>, J=1" (positive)

M=-1 M=0 M=1



Ground rotational level J=1 for diatomics with Q=1

le>=1Q=1>-1Q=-1>,J=1 (negative)

| £} doubling = 10 - 50 MHz=z

It> =1 Q=1>+ 1 Q=-1>, J=1" (positive)

M:-] M=1



Ground rotational level J=1/2 for diatomics
with Q=1/2

le> =1 Q=1/2> - | Q=-1/2>, J=1/2 (negative)

£} doubling = 10 - 50 GHz ( Q2=1/2)
10 - 50 MHz ( 2=1 )

It>=1Q=1/2>+ 1 Q=-1/2>, J=1/2" (positive)

M=-1/2 M=1/2



Ground rotational level J=1 for diatomics with Q=1
In the presence of Electric field
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Ground rotational level J=1 for diatomics with Q=1
In the presence of Electric field

| Q=-1,M=-1> | Q=1,M=1>
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Ground rotational level J=1 for diatomics with Q=1
In the presence of Electric field

Blue lines are EDM shifts
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Ground rotational level J=1 for diatomicswith Q=1
In the presence of Electric and Magnetic Fields

Bluelines are EDM and Zeeman shifts




Ground rotational level J=1 for diatomicswith Q=1
In the presence of Electric and Magnetic Fields

Bluelines are EDM and Zeeman shifts
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g factors for ThO (in units 10-3)

Calculation Exper.
(ACME)

g ge gf g g
-4.144 | -4.409 | -4.391 | -4.400 | -4.40(5)
1.381 | -2.628 | -2.609 | -2.618 | -2.7(1)
-0.691 | -2.182 | -2.164 | -2.173 | -2.4(2)




Difference between g factors for “e” and “f’
levels of J=1 a(1) PbO

Experiment:

g:- 9.=0.0030(8) [D. Kawall, F. Bay, S. Bickman,
Y. Jiang, and D. DeMille
PRL 92, 133007 (2004)]

Calculation :
9:- 9.=0.0037 [AN. Petrov, PRA 83, 024502 (2011)]



18620 g factor for "e" and "" omega dublet levels

L of J=1, a(1) PbO (no hyperfine interaction)
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D. Kawall, F. Bay, S. Bickman, Y. Jiang, and D. DeMille, PRL 92, 133007 (2004)
S. Bickman, P. Hamilton, Y. Jiang, and D. DeMille PRA 80, 023418 (2009)



Rotational levels for diatomics with Q=1

J=2
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24831 gfactors for "e" and 'f' omega dublet levels

2482 |

of J=1, F=1/2, a(1) *”’PbO
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Rotational levels for diatomics with Q=1

J=2
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Rotational levels for diatomics with Q=1

J=2

M=-2 M=1 M=0 M=1 M=2

F=1/2

M_=-3/2 M_=-1/2 M _=1/2 M =3/2
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ThO “A . J=1
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Rotational levels for diatomics with Q=1

J=2
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ThO *A , J=2, M =1
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Difference between g factors for ThO in
external electric field

()-doublet spacing ~ 1TMHz
Rotational energy ~ 40 GHz
Electronic Energy ~ 25 THz

Ag(J) = n(J)IE]



ThO A , J=1

O Expernment
— Simple theory
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ThO A , J=1
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N(2), nm/V

ThO *A . J=2, M =1
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N(2), nm/V

ThO *A . J=2, M =1

(b)
01k = Theory
b O Experiment
I = Simple theory
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3aknyeHume

[N noncka afekTpruyecKoro AnnosnibHOro MOMeHTa anekTpoHa (3M) nonsipHble MoneKynbl
NMEIT PAL NMPEUMYLLIECTB MO CPaBHEHUIO C aTOMaMu BKIoYas Bosibluee anekTpnuyeckoe none
(E.%) AencTBylowee Ha 3M 1 BO3MOXHOCTb YCTPAHATL BaXKHble cUCTEMATUYECKNE apeKThbl.
ThO nmeeT gononHuTenbHble NpenMyLLecTsa brnarogaps CyLecTBoOBaHMIO ONU3KNX YPOBHEN
NPOTMBOMOSIOXHON YETHOCTU (Tak HasbiBaeMbix Q-aybneToB). amepeHue 3M moxeT 6bIiThb
BbINOJSTHEHO Ha pa3HbIX YpoBHAX Q-AybrieTa, YTO OYEeHb CyLLECTBEHHO NOgaBnseT MHOrme
cucrtematmnyeckme adpdeKTbl CBA3aHHbIE C MAarHUTHbLIM MONEM UITN FeOMEeTPUYECKON pason 1 rnpu
aToM yasaumBaeT OM curHan. OgHako BEPXHUE N HWXKHUE YPOBHU Q-Ay6reToB MMEKT HECKOSbKO
pasnuyHble g-pakTtopbl 1 NO3TOMY, B LENCTBUTESIBHOCTU, CUCTEMATUYECKNEe apeKTbl CBA3aHHbIE
C HEYYTEHHbIM MarHMTHbLIM NOSIEM U reoMeTpUYeCcKon oa3on NOSMHOCTLIO HEe YCTpaHAaTCcA. BmecTe
C TeM, pasHuua Mexay g-dakropamm 3aBUCUT OT N1TabopaTopHOro afIeKTPUYECKOro rnoss m
COOTBETCTBYOLLME cucTeMaTnyeckne adpekTbl MOryT ObITb NogaBneHbl B ewwe 6onbLuen cteneHmn
Nnpwv NpoBeaeHUN IKCNEPUMEHTA B COOTBETCTBYHOLLIEM 3NEKTPUYECKOM norsie. NoaTomy, BbIACHEHNE
3aKOHa 3aBMCMMOCTU g-(pakTOPOB OT BHELLHEro 351eKTPMYECKOro nosg BaXXHO ANns aHanmsa
BO3MOXHbIX CUCTEMATUYECKUX 3P EKTOB U AarbHEULLEero yBennyeHus (Tekyllee 3sHadeHune
d,<8.7-10"%° e-cm) TO4HOCTM 3KCrepuMeHTa Ha monekyne ThO. B pa6ote [1] coBmecTHO ¢ ACME
Konnabopaunen Mbl paccMmoTpenu g-paktopbl ana Q-gybénetos J=1,2 BpawiaTtenbHbIX YPOBHEN
ThO Bo BHelwHeM anekTpudeckom nosie. Hamu obHapyxeHo, yto Ag ana J=2 obpallaeTcs B HOSMb
ansa E~50 B/cm (komopTHOro anga nposeaeHnsa SKCnepmuMeHTa) a51eKTPUYeCKoro nosist 1 MHOro
MeHbLUe YeM Ag ona J=1 ans gpyrux anektpudecknx nonen. Manoe 3HayeHne ans Ag o3Havaer,
4yTO n3mepeHna M Ha J=2 aBnsieTcs ewwe 6onee YCTONYNBBLIM K NPOABNEHNIO NOXHbIX
adbekToB YeM ansa J=1.

A.N. Petrov, L.V. Skripnikov, A.V. Titov, N.R. Hutzler, P.W. Hess, B.R. O'Leary, B. Spaun, D.
DeMille, G. Gabrielse, and J.M. Doyle, Zeeman interaction in ThO H3A, for the electron electric-
dipole-moment search, Phys.Rev.A 89, 062505 (2014)



Thank you!
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