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Questions:

How well does PV in H need to be measured to make a
useful contribution?

What experimental parameters are needed to achieve the
required precision?

Outline

 Motivation

* Review of Former H APV Experiments
» Sensitivity and Systematic Errors for Future

* Production of Metastable Beams
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Why Hydrogen?

B Close lying states of opposite parity
2S,, - 2P, Separated by the Lamb shift

® Calculability

B Determination of four weak interaction coupling constants

Hydrogen  Deuterium
C1p C1p + C1n nuclear spin independent (A V)
C2p C2p + C2n nuclear spin dependent (V A)

B Accessibility of the 2S,, - 2P, , level crossings




Table 1. Parity violating weak neutral current couplings for H and D.

Coupling From model-independent fit[1] Standard Model
Ctp 0.082+0.034 0.0355

Cip —0.441+0.012 —0.4587

Cay, —0.16 =0.26 0.043

Cyp —0.32 £0.4 0.007
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Crossings in Deuterium

-0.55

0.30

|
e
foN
S

Energy (GHz)
Energy (GHz)

-0.65

B2

1150 1200 1250
B (Gauss)

550 600
B (Gauss)

Argonne *

NATIONAL LABORATORY




Table 2. Matrix elements for paritv-violating, weak-neutral-current couplings for
hydrogen and deuterium at the level crossings. In units of iV,, =~ 27 x 0.013 s~ 1.

C1D = C"lp + C"ln and CzD = C'Zp + C"Zn-

Matrix Element Value Standard Model
Hydrogen

(eo| V| 0) —2Cy, —0.086
(folV|B0) Cyp+ 1.1Cy, 0.083
(f_1|V]B_y) Cip — Oy, —0.007
Deuterium

(e172|V|B12) —V2Cyp —0.010
(e—12|V'|B=1/2) —V2Csp —0.010
(f1/2|V|B12) Cip + Cop —0.452
(fo12|V]B_1)2) Cip —0.459
(foss2|VB_3/2) Cip—Csp —0.466




Hydrogen PNC Groups
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Limits on C,, from H PNC experiments
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Requirements for 0.3% Measurement of Sin? 6, in H

Signal/Noise (S/N) improvement by 2 orders of magnitude
* Increase the transit time t through the interaction region
* More intense metastable beam

 Slow, Intense H(2S) beam using FEL

Significantly Reduce Systematic Errors
* Precise control over alignment and applied fields
» Simple configuration

* Slow beam to minimize “motional” fields

RW Dunford and RJ Holt, J. Phys. G 34(2007) 2099
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Fraction of rate due to APV
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S B ,. _
(T) = 1.8\1/'“.C'ID|(7]JT7'/')-QP)1/2 AB - Yogy2 10=1%s
‘ opt B T

Way a8 12

Table 3. Parameters determining the optimized sensitivity (Eq. 22)

Symbol Meaning Assumed for Figs. 6 and 7
n Total detection efficiency 0.5
J Metastable flux/hyperfine component —
T Counting time 5 days
T Interaction time —
iV H PNC coupling strength (n=2) 2 x 0.013 s~!
Yop 2p decay rate 21 x 108 s71
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Sensitivity for Deuterium APV Experiment
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Sensitivity for Hydrogen APV Experiment
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Motional electric field systematic effect:

* Slow D beam ~1/300 Suppression compared to Fehrenbach experiment
* High crossing ~1/10 Suppression compared to Fehrenbach experiment

* Ratio of motional field term to the Pseudoscalar

<Emot> sin %
Cip

Rmot — 8 X 105

* Proposed experiment with alignment as good as Fehrenbach

0.01
R™" ~ —— 2 0.02
Cip

* Monitor electric fields during expt. using the atoms themselves
Advantage Intense Beam
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Metastable Beam Production

* Quench Mechanism: Beam Density Requirement
H(2s) + H(2s) — H(2p) + H(2p) o =9 x 1072cm?

~ 10%°cm ™2

P2s <

aspP /\m fp

* Pumping 1s — 3p — 2s (12% Branch)

oo L3x107E 109.8
1s3p ~ T (GHZ) at b nm

* FEL Requirement for 5 x10'* D(2s) /s
With 2 x 107 D(1s)/s in 2.5 cm diameter

40 mW GHz"




4s 4p 4d

3d

3s

12%
486.1 nm

2p

121.6 nm Metastable H production

via Lyman-oa Lamp (or FEL)
Z.-T. Lu, ANL

1s




Pumping/Detection in Kr* Beam Experiment
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Ding, Bailey, Davis, Dunford, Lu, O’Connor, Young, RSI 78 (2007) 023103




Summary:

* Negligible atomic physics uncertainty for H APV experiments compelling

* Goal of 0.3% measurement of C, - factor of 3 improvement on APV
limit on SinZ 0,

* Such an experiment requires a minimum of 5 x 1074 slow D(2S)
Atoms/s

* requires FEL at 102.6 nm with power/bandwidth 40 mW GHz'

* Work on optical production of metastable Kr suggests another scheme
10'4 Kr*/s achieved in a cell




