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EDM predictions

*A. Boeschoten et al., arXiv:2303.06402 (2023)
Compiled by D. DeMille
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Reinterpretation of BaF experiment

T ,P-violating energy shift

�E = de
Wd � 8 �Hz

where Eeff = Wd j
j � 1:565 � 1024 Hz/(e�cm)

Reinterpretation in terms of ALPs
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Stadnik, Y. V., Dzuba, V. A., Flambaum, V. V. (2018), Phys. rev. lett., 120(1), 013202.
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Integrals

Standard Coulumb interaction integrals

habj
1

r12
jcdi ! Fm(T ) =

Z 1

0
dtt 2me� Tt 2

a; b; c; d are primitive Gaussian-type basis functionsxnymzke� � r 2

Yukawa interaction integrals

habj
e� mar12

r12
jcdi ! Gm(T ; U) =

Z 1

0
dtt 2me� Tt 2+ U(1� 1

t 2 )

Implemented in LIBINT library!
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Default approach

0 � T � 210 and 10� 7 � U � 103 ! Gaussian quadrature

precalculated values of the Chebyshev expansion coe�cients of the positions and weights
of the grid points are used

T > 210 or U < 10� 7 ! upward recursive relations

G� 1 =
e� T
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wherek = �
p

T +
p

U, � =
p

T +
p

U.
All the remainingGm values are obtained using the recurrence relations

Gm =
1

2T
[(2m � 1)Gm� 1 + 2UGm� 2 � e� T ]:
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Modi�cations

T = 0 andU < 10� 7

The �rst element of relations is

G0 = 1 � eU
p

� Uerfc(
p

U);

All the remainingGm values are obtained using the recurrence relations

Gm(0; U) =
1

2m + 1
[1 � 2UGm� 1(0; U)]:

T < 0:1 andU < 10� 7

Gm(T ; U) =
1X

k= 0

(� T )k

k!
Gm+ k (0; U);
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CalculatedW (ee)
ax (ma) and derived limits onjgs

egp
e j for BaF

ma, eV
W (ee)

ax (ma) , mec=~ jg s
e gp

e j

Limit, ~cDHF CCSD CCSD(T) (Final)

1 + 6:3 � 10� 6 + 8:1 � 10� 6 + 8:0 � 10� 6 + 1:6 � 10� 20

10 + 6:3 � 10� 6 + 8:1 � 10� 6 + 8:0 � 10� 6 + 1:6 � 10� 20

102 + 6:3 � 10� 6 + 8:1 � 10� 6 + 8:0 � 10� 6 + 1:6 � 10� 20

103 + 4:8 � 10� 6 + 6:6 � 10� 6 + 6:5 � 10� 6 + 1:9 � 10� 20

104 + 1:2 � 10� 6 + 2:0 � 10� 6 + 2:0 � 10� 6 + 6:5 � 10� 20

105 + 9:3 � 10� 8 + 1:4 � 10� 7 + 1:4 � 10� 7 + 9:2 � 10� 19

106 � 3:3 � 10� 9 � 5:2 � 10� 9 � 5:1 � 10� 9 + 2:5 � 10� 17

107 � 5:1 � 10� 11 � 8:0 � 10� 11 � 7:8 � 10� 11 + 1:6 � 10� 15

108 � 5:1 � 10� 13 � 8:0 � 10� 13 � 7:9 � 10� 13 + 1:6 � 10� 13

109 � 5:1 � 10� 15 � 8:0 � 10� 15 � 7:9 � 10� 15 + 1:6 � 10� 11

1010 � 5:1 � 10� 17 � 8:1 � 10� 17 � 7:9 � 10� 17 + 1:6 � 10� 9
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CalculatedW (eN)
ax (ma) and derived limits onj �gs

Ngp
e j for BaF

ma, eV W (eN )
ax (ma) , mec=~ W (eN )

ax (ma) , mec=~ j �g s
N gp

e j

Point Correction, % Finite Limit, ~c

1 + 1:74� 10� 5 0.0 + 1:74� 10� 5 + 7:29� 10� 21

10 + 1:74� 10� 5 0.0 + 1:74� 10� 5 + 7:29� 10� 21

102 + 1:73� 10� 5 0.0 + 1:73� 10� 5 + 7:31� 10� 21

103 + 1:45� 10� 5 0.0 + 1:45� 10� 5 + 8:71� 10� 21

104 + 1:86� 10� 6 0.0 + 1:86� 10� 6 + 6:81� 10� 21

105 � 1:07� 10� 5 0.0 � 1:07� 10� 5 + 1:18� 10� 20

106 � 4:70� 10� 6 0.0 � 4:70� 10� 6 + 2:69� 10� 20

107 � 1:36� 10� 7 -0.4 � 1:36� 10� 7 + 9:34� 10� 19

108 � 1:99� 10� 9 -4.0 � 1:91� 10� 9 + 6:65� 10� 17

109 � 2:09� 10� 11 -5.6 � 1:97� 10� 11 + 6:43� 10� 15

1010 � 2:09� 10� 13 -5.6 � 1:97� 10� 13 + 6:43� 10� 13
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CalculatedW (eN)
ax (ma) and derived limits onj �gs

Ngp
e j for HfF+

ma, eV W (eN )
ax (ma) , mec=~ W (eN )

ax (ma) , mec=~ j �g s
N gp

e j

Point Correction, % Finite Limit, ~c

1 + 1:67� 10� 5 0 + 1:67� 10� 5 1:11� 10� 20

10 + 1:67� 10� 5 0 + 1:67� 10� 5 1:11� 10� 20

102 + 1:66� 10� 5 0 + 1:66� 10� 5 1:11� 10� 20

103 + 1:54� 10� 5 0 + 1:54� 10� 5 1:19� 10� 20

104 + 3:30� 10� 6 0 + 3:31� 10� 6 5:24� 10� 20

105 � 1:15� 10� 5 0 � 1:15� 10� 5 1:67� 10� 20

106 � 6:41� 10� 6 0 � 6:41� 10� 6 2:97� 10� 20

107 � 2:85� 10� 7 -1 � 2:82� 10� 7 6:74� 10� 19

108 � 5:30� 10� 9 -9 � 4:81� 10� 9 3:95� 10� 17

109 � 5:85� 10� 11 -13 � 5:09� 10� 11 3:73� 10� 15

1010 � 5:87� 10� 13 -13 � 5:10� 10� 13 3:73� 10� 13
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Limiting cases

Radius of Yukawa-type interaction

RYu = 1=ma(relativistic units ) = ~=mac

Low-mass limit

1 Bohr  ! ma � 4 keV ) e� mar

4� r � 1
4� r ) Wax(ma) � constant

High-mass limit

1 Fermi ! ma � 0:2 GeV ) e� mar

4� r � 1
m2

a
� (r ) ) Wax(ma) � fWaxm� 2

a .
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EDM limitation

https://en.wikipedia.org/wiki/Electron_electric_dipole_moment

Prosnyak S.D. (PNPI) Axionlike particles search using diatomic molecules 2024 11 / 16



Derived constraints for limiting cases

Limit BaF* HfF + ** ThO***

j �gs
N gp

e j=(~c), ma � 1 keV 7:3 � 10� 21 1:1 � 10� 20 9:0 � 10� 20

jgs
egp

e j=(~c), ma � 1 keV 1:6 � 10� 20 2:2 � 10� 20 2:4 � 10� 19

j �gs
N gp

e j=(~cm2
a), ma � 1 GeV 6:4 � 10� 15 GeV� 2 3:7 � 10� 15 GeV� 2 6:0 � 10� 15 GeV� 2

jgs
egp

e j=(~cm2
a), ma � 1 GeV 1:6 � 10� 11 GeV� 2 1:7 � 10� 11 GeV� 2 5:6 � 10� 11 GeV� 2

* Prosnyak, S. D., Skripnikov, L. V. (2024), Phys. Rev. A 109, 042821
** Prosnyak, S. D., Maison, D. E., Skripnikov, L. V. (2023), Symmetry, 15(5), 1043.
***Combining theoretical data from [Stadnik, Y. V., Dzuba, V. A., & Flambaum, V. V. (2018), Phys.
rev. lett., 120(1), 013202; arXiv:1708.00486] and experimental data from [ACME Collaboration (2018),
Nature, 562(7727), 355-360.]
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