Neutron-decay correlation
measurements with polarized and

pulsed beams

Tim Chupp
University of Michigan

Outline

Polarization observables
Polarization
Polarimetry

Polarimetry of unpolarized neutrons



Polarized neutron decay
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Relationship to EDM (4 quark operator)
(Ng & Tulin: PRD 85 033001 *12)



Relationship to EDM (4 quark operator)

(Ng & Tulin: PRD 85 033001 “12)
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Current Status
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SM has two parameters: V_, and A
> 5 Observables
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Beyond SM Physics:

Scalar and Tensor Currents
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Proton Asymmetry vs E,
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Proton Asymmetry vs E,
Schumann et al. PRL 100, 151801 (2008)
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Proton Asymmetry vs E |

(Nab/abBA/PANDA)
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Summary of Motivations

A/C(E.E,) — LARGE

C = k(A+B) (+ corrections) ~ 4Re(M)/(1+3|A?) (SM)
Use (A) C, IV 4l, T, as a SM test

Sensitive to Scalar, Tensor, RH currents

Theory: Treiman (1948), Gliick (1996), Gudkov (EFT)

Corrections: calculable to <<10-3 (10%)
Ivanov arXiv:1212.0332)
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Polarization

M, M,
-~ I polarizer Flsiggler Detector analyzer
neutrons P(v.r) A(v)
t I o) | | " T,(¥)
PIA |P.(5A)| T, P2p features
PSM 98% 25% | 0.24 Pn~ 1; static
XSM 9.x% | 10% | 0.10
He (60%)| 80% | 30% | 0.19 | Flip P;; P, varies

Need < 0.1% measurment of <P _>, F
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Crossed Supermirror (XSM)
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SHe spin filter: n +*He —> 'H+*3H
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SHe: continuous polarization by Spin Exchange

Huge Progress with *He (NIST-Wisc/ILL/UVa/Jlab...)
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3He spin filter n+p —>d + y (@ LANSCE)

NIM A 57, 500 (2007).
Spin Flipper

SHe Spin Filter

18



3SHe Pol

Polarization

Rb relaxation rate increase
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arizer Neutron-flux Limitations?

Sharma, Babcock, Soldner et al.
show effect on Py,

)/0 t
Py, = :
)/OPZ + SFA
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S = 6

Requires increased laser
power (e.g. few times)
Double cell — E. Babcock
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Polarization Summary

e XSM vs 3He: TBD

asymmetry

e 3He provides P&(tof) (Bowman and Penttila)

e Supermirror design for m=3+ guides needed
e Magnetic field accomodations for spin transport
e Nab estimates for C (0.1%): 5 days
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Neutron Polarimetry — thick *He
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’He and P, test: n+p —>d + y (@ LANSCE)

Spin Flipper
SHe Spin Filter
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Pulsed Beam Neutron Polarimetry

Flipper
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Pulsed Beam Neutron Polarimetry

Flipper
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Demonstrates understanding at 10-3 level (10 achieved)

2]
Residual (10-3) g

M2(0)/M2(out)

Residual (10-%) 97

4 —

AV
—~/
4
0.6 eXpip
0.4+
0.2
| | |
2 4 6
wavelength(A)
4 —

4

2.5

S

coshopPp-> P _=tanho,Pp

wavelength (A)

26



Polarimetry Summary

Use opaque 3He and pulsed/chopped beam: measure P(v,7),R(v,r)

Pulsed beam (SNS): measure continuously

Chopped beam (NIST): monitor continuously — calibrate monitor

Neutron flux-*He issues not limiting

Statistics not limiting

Systematics: backgrounds (beta delayed neutrons), *He AFP losses
~10* at LANSCE Should be ~constant vs tof at SN'S

LANSCE FP12 test beam available
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’He Polarimetry
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Summary

e Interesting and important physics in A, B (C), D @<10-3

* D measured to 2x10*

* SHe polarizer: 99.xx % P_; 10% transmission — neutron beam effects
* 0.1% (0.01%) measurement of <P > spin flipper with He
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