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APV Enhancement:
* Heavy atoms (high 2)
* Small AE



Types of APV experiments

¢~ Apnc/Ans

e 100% contrast (small signal)

* No reversals



Types of APV experiments
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Experimental PNC studies

3 4 5 6 7 11 12

8 9 10
B IVB VB viB VIIB A VIl —— 1B B
3B 4B 5B 6B 7B 8 1B 2B

21 22 23 24 25 26 27 28 29 30
Sc Ti V Cr Mn Fe Co Ni Cu Zn
Scandium Titanium i C i Iron Cobalt Nickel Copper Zinc
44,956 47.88 50.942 51.996 54.938 55.933 58.933 58.693 63.546 65.39
39 40 41 42 43 44 45 46 47 48
Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
Ytrium Zirconium Niobium Molybdenum  Technetium Ruthenium Rhodium Palladium Silver Cadmium
91.224 92.906 95.94 98.907 101.07 102.906 106.42 107.868 112.411
72 73 74 75 76 77 78 79 80
Hf Ta W Re Os Ir Pt Au Hg
Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury
178.49 180.948 183.85 186.207 190.23 192.22 195.08 196.967 200.59
104 105 106 107 108 109 110 111 112
Rf Db Sg Bh Hs Mt Ds Rg Cn
Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium
[261] [262] [266] [264] [269] [268] [269] [272] [277]

Lanthanide
Series

Actinide
Series



Atomic Parity Violation: Main processes

N N

Nuclear spin independent

*measure of weak charge, Q,
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22

* Lower bound on new Z’ bosons
* Dark bosons?

(JIHwli) = C;iRY 0w



Atomic Parity Violation: Main processes

N N

Nuclear spin independent

Nuclear spin dependent

*measure of weak charge, Q,
* dominant effect in heavy nuclei:

GF - :
2y—2 !
——C;iRY 0w i anapole moment
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* Lower bound on new Z’ bosons .
e Dark bosons? | 10

(JIHwli) =



Anapole moment

P-odd E/M moment from intranuclear PV 2 0 2 4 6 8 10 12 14
f.-0.12h, -0.18 h,'
Probe of weak meson-nucleon couplings
Haxton, et. al.
PRC, VOLUME 65, 045502
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|Isotopic ratios in APV

> APV measures: EPNC = k- QW

Epnc = (Cl1d]f) Cs
Yb

0.4 %
10 %



|Isotopic ratios in APV

> APV measures: EPNC = k- QW
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» Atomic PV calculation errors cancel in isotopic ratios
Dzuba, Flambaum, and Khriplovich, Z. Phys. D 1, 243 (1986)
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Isotopic ratios and neutron skins

» Limitation to isotopic ratio method: enhanced

sensitivity to the neutron distribution p,(r)
Fortson, Pang, Wilets, PRL 65, 2857 (1990)

QW = —Ng, + Z@pil — 45iHEHW) + AQpew
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Isotopic ratios and neutron skins

» Limitation to isotopic ratio method: enhanced

sensitivity to the neutron distribution p,(r)
Fortson, Pang, Wilets, PRL 65, 2857 (1990)

QW = —Ng, + Z@pil — 45iHEHW) + AQpew

> Atomic PV <« Neutron distributions

E AN |3 AR! .—AR
PNC ~ 1 + ? + ;((IZ)Z [ nsR ns]
p

f
Epne

skin contribution for 179Yb - 176Yb isotopes ~ 0.1%
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Isotopic ratios and neutron skins
[PHYSICAL REVIEW C 79, 035501 (2009)]

Dispelling the curse of the neutron skin in atomic parity violation

B. A. Brown,! A. Derevianko.%? and V. V. Flambaum?

!Department of Physics and Astronomy, and National Superconducting Cyclotron Laboratory,
Michigan State University, East Lansing, Michigan 48824-1321, USA
*Department of Physics, University of Nevada, Reno, Nevada 89557

¥ School of Physics, University of New South Wales, Sydney 2052, Australia

e Neutron-skin effects in different isotopes are
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APV in ytterbium

* Large APV effect (DeMille et al, 1995 - Tsigutkin et al, 2009)



APV in ytterbium

* Large APV effect (DeMille et al, 1995 - Tsigutkin et al, 2009)
» 7 stable isotopes (A=168, 170-174,176)

[sotope | NA (%) | 1
TIyh 318 0
2yh 218 0
76 yh 128 | 0
173yh 16.1 | 512
Tlyh 14.3 | 12
70yh 3.04 0
168y 0.13 0

PNC on chain of isotopes - neutron skins

— New Physics?



APV in ytterbium

* Large APV effect (DeMille et al, 1995 - Tsigutkin et al, 2009)
» 7 stable isotopes (A=168, 170-174,176)

[sotope | NA (%) | 1
Tyh 3181 0
2yh 218 0
176y 198 [ 0
173yh 16.1 | 5/2
YD 143 | 1/2
70yh 3.04 0
168y 0.13] 0

PNC on chain of isotopes - neutron skins
— New Physics?
* 2 with nuclear spin (’1Yb - 1=1/2, /3Yb—> 1=5/2) (anapole moment)
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The Yb PV Experiment
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The Yb PV Experiment

mil‘rors plateg

Rotational Invariant: (E I§)(Ex§- I§)




|2d Selected for a Viewpoint in Physics week ending
PRL 103, 071601 (2009) PHYSICAL REVIEW LETTERS 14 AUGUST 2009
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Observation of a Large Atomic Parity Violation Effect in Ytterbium

K. Tsigutkin,l’* D. Dounas-Frazer,! A. Fa.rnil‘_i,f,1 J.E. Stalnaker,""" V. V. Yashchuk,? and D. Budker'*
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Yb reincarnation in Mainz

Apparatus upgrades

* New, more powerful 408 nm laser

* Improved interaction region design
to minimize electric field imperfections

* Currently achieving SNR ~ 0.5/VHz in
PNC amplitude (laser noise limited)

Roadmap

* Verify expected isotopic dependence of E,\. (0.5% accuracy) - 6 months
* Probe anapole moment (~0.2 % ) - (1 year)

* Neutron distributions/Standard model check (~0.1%) - 2 years
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