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Review paper:

G.S.M. Ginges and V.M. Flambaum

"Violations of fundamental symmetries in atoms

and tests of unification theories of elementary par ticles"
arXiv : physics/0309054 (submitted to the Physics Reports )

i What is arXiv ?




Research topic example:
Parity nonconservation
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i Cs electric -dipole transitions
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i Sources of parity violation in atoms

i Parity nonconservation (PNC)
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i Parity nonconservation (PNC)
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+4 T—» [ Non-zero transition amplitude ]
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Both 6s and 7s states acquire an
opposite-parity (np,,, ) admixture

5
--- :> [ZO exchange: Laporte’s rule is violated!]
0
" \s5
6 7
How to construct a PNC 0 |
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How to construct a PNC 0|
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i Parity nonconservation

Cs
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Itis the dominant PNC effect but there are several others
[described by H @), for example].

How do we calculate the corresponding

dipole matrix element?
(How do we get p state admixtures to 6s and 7s states?)
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i Time -independent perturbation theory
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i Time -independent perturbation theory
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i Some results of the perturbation theory
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i PNC & perturbation theory
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i A bit simpler designations
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matrix element in Cs

i 7s-6s electric -dipole (E1)
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i Quantum numbers?
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and sum over m,

i Reduced matrix elements
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Dipole matrix elements
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i PNC matrix elements
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i Why is this “non -standard”?
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Putting it all together: Term 1
(7s M| Hone| nR m){ NP, ] 6 s

nm €15~ Gy
Yam,
_ (78] Hencl nR.2){ nR.2] 6
nm 10 i €rs™ Gnr2
Yam,
Yamg

(7| Howc| PRi2){ 1o 46

10 n €5~ Gy

Yam,

i Putting it all together: Term 2

(7sm|d np, m{ np, 7 BB s

nm, € - 6:1;1/2
Yam,
_ <7S” d| n9,2>< AL EE
- drrhm
nm, 10 6’75 - enﬁlz
Yam,
Yamg
_ (7s]d] rR2){ MRl Hinc] 6 3
10 n €5~ Gy,
Yam,

12



Putting it all together
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How to calculate sum over n?
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i Parity nonconservation & weak charge Q,,
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to infer Q,?

‘ Why do we need atomic physics calculations
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:L Qy evolution ...
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Hyperfine interaction:
atomic electron with nucleus
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interaction of the
multipole moments.
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Spin -dependent PNC effects

[ 133Cs  J=1/2, 1=7/2, F=3,4 ]
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Cs

i Quantum numbers?
+4 <F|d||>: <F|HPNC|N><N|dl |>+ <F|d| N>< Nl HDNcl I>
NiF & - & NI € Q
— @& [1)
F) (). IN)
> &
‘nl jmj>
|
|F)=|n=71=0j=1/2m.) =| 7sm.)  sa@
||>:|n:6|:0j:1/2n|>:| 6$n> 65° 65,
[N)=[nljmy) 75° 75,
Cs
i Quantum numbers?
@ —T—"F (Ful)-
, =8 (F[Heno[N)(N[d 1) (F[d N)(N| Hoyef
@ NtF & - &§ INE & &
=8F
— L s By, IN)
=8 Jeme
|F>=|(jF|)FFMF>:m . FM, liemelm)
W
jim,
|>_|(J|):'V'|>'m|”7 = i, m,1 m)
lm
[N) =] m, 1)

18



Term 1
jim,
Termie  SFIHewc[NY(N[d[1) FM,
NtF € - & mpm  Njpln
Mg Mg Mp Mp |m

(ieme tm [Hoel it m)(im . agd]im ! gp

€ - &
*ijF *jlml
— <jFrnF|HPNC|jnmn>dﬂF’ﬂ<j”ml’Jq j|m>dmrf"
e o + FeMe + FM, &- &
Im Im

*ijF *j,m, * Jnm,
= (ieHonclin @y (i3 )

R + FeMe + FM, | 10 epfh‘%

Im Im jim,

Cs
Term 1

*mep *j,m,
= <]|: ||HPNC||j n><] n"j "j |>
mEm + FeMe + FiM, & &

|nz |n2 jlml

(i [Hondl 5. (i 1] )

&- 8§

19



triangle from the graph

i 6-) symbol & how to rem
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i Result
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Back to nuclear spin-dependent
parity nonconserving effects
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i Nuclear anapole moment

nuclear moment

[ Parity-violating ]
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i Research project/current homework

G
Hie=F K 1 1)

$
HO.= ()1 H®
m ' AN
%
(emmHY L iml Mm@ € D7(me[H | jm)(1 a)ﬂ.”{I b
Q=RRE
| &

22



i Total number of points: 20

DUE: next Tuesday October 14

BUT: | will look over your work (returned in time) and
return it the next day if | find any mistakes (marked
and with hints if needed).

There will be no homework assignment next week.

You will be able to correct your work by next Tuesday
(October 21).

i Nuclear anapole moment ?

The constraints obtained from the Cs experiment
were found to be inconsistent with constraints
from other nuclear PNC measurements, which

favor a smaller value of the133Cs anapole moment.

23



