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Completed or Ready to run:

A n+p — do (final analysis)
A R +¥He — 3H + p(ready to commission)

A Neutron Spin Rotatiorlll (upgrade in progress)
A Franciumanapolgongoing)

Next step inHWI studies PV Deuteron photalisintegration
strong community support

Probing Time Reversal Invariance viaHadronic PV:
feasibility studies, determination of systematifects

TandR&httitila L. Orozco, C. Howell, M. Schindlet



HadronicWeak Interaction

ANatural scale ~x10 set by relative size of meson vs boso
exchange amplitudes

AWeak interaction at low momentum transfer between

nucleons is accessible through measurements of small-pa
odd amplitudes

Theoretical Frameworks

A DDH
A EFT

A Lattice QCD



HadronicWeaklInteractioni Theory

1. DDH modeli uses valence quarks to calculate effective PV mesateon
coupling directly from SM viaveakmeson coupling constants
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A Observables can be written as their combinations
— ~11i1 0140 111 21.2 0140 11l
A=ah, +a h; +ah; +a’h; +a h, +ah,

2. Effective Field Theory

A comprehensive formulation by HolsteRamseyMusolf, vanKolck, Zhu andMlaekawa

A modelindependent, consistetneatmenof PC and PV interactions, theoretical error
estimates

A NN potentials are expressedt@érms of several parameters whtisear combinations
give us5/6 (pionlesgchiral) lowenergy couplingonstants

3. Lattice QCD




Examplen+pA d +29 (isolatesp=1)

1. DDH model

A: 0.001h* +0.004n

Reasonable rangetl < ht. < 0 [x107] wessp | hl ~4 5x107

2. Effective Field Theory

3
A = % g M 9(351—3P1)
T3V 7w Ry (1= yaltS0))

: - +0.058
3. Lattice QCD hl,NN=1.099|\[).505_0 o {107]
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Experimental Reach

Weak NN iso-scalar, iso-vector DDH coupling subspace
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During the next decade, a program of fbady,hadronicPV experiments using
polarized neutrons at the FNPB and elsewhere will provide data that can be interprs
with ab initio, fewbody calculations and effective field theory methods to yield the
lowestor der Apri mordial o PV nuclear 1inte

THE NUCLEAR SCIENCE
Y COMMITTEE

Fundamental Physics with Neutrons

Among the scientific priorities:
[l . Completion of thiNPDGammaexperiment to obtain a precision

measurement of the wemlovectomucleoni nucleon pion coupling constant




NPDGammalata taking completed in June 20
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The NPDGammacollaboration i 15+ years
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IU analysis —=—
UT analysis —e—

A Two independent
analyses
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neutron guide POIAMIZEI L ieeecccececcccccoccccocccsccccsccccscs
aril{t=== ﬂo@ %* wﬁ#@%lo
3 ......................................
I_I\I/Ieoﬁﬁgrm RF spin 3He target /
O NG Flipper ion chamber
Y —~

FNPB n3He detector

. — 1 0 1 2 0 1 \
DDH: A=-0.185 - 0.03e° +0.023! - .001h? - 0.050h’ - 0.023],

EFT: 0% &3Q + GEE) WQ R=)) AQ




PV Spin Rotation in “He

ASM detector

ACold neutrons are polarized in the y direction traveling in the z direction \
Arhey interact with théHe over dength,|

Arhe neutron spin gairfspc +f = and passes throughpgbamirroranalyzer where
the neutrons are detected

A\ccumulated phase differences between oppbsilieity states causes transversely
polarized neutrons to corkscrew as they propagate through target /




PV Spin Rotation in “He
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Position paper on Parity Violation hadronicsystems

using neutron and-ray beams

Hadronic parity violation

M.W. Ahmed,'* J.D. Bowman,> T C. Crawford,?>* N. Fomin,* 3 H. Gao.>* ¥ M.T.
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Hadronic parity violation probes both the neutral-current nonleptonic weak interactions and non-
perturbative strong dynamics. The current and projected availability of high-intensity neutron and
photon sources and continuing developments in theoretical methods provide the opportunity to
greatly expand our understanding of hadronic parity violation in few-nucleon systems. The current
status of these efforts and future plans are discussed.




Asymmetry A# In ¥d — np at leading order

@ Leading-order asymmetry at threshold
Helicity-dependent asymmetry
AL o Oy —O0_

— Detect either the n or p (neutron is easier)
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@ Information independent of and complementary to
np — d~

M.R. Schindler and R.P. Springer, Nucl. Ph§4642010) 51.
J VanassandM.R Schindlernuckth/ 14040658

Schindler, Springer (2009); Vanasse, Schindler (2014) /




Where to measure?

Q A'L” max at threshold = low count rate
e Simplified figure of merit (A])? x o(vd — np)
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Concept of Fodd Deuteron Photodisintegration Expt.
I L

3He ion chamber

Circularly-polarized

g Beam from HIgS2 — D2 target

Need to observe >~101% gs to be sensitive to a 108 asymmetry \

A The target will be liquid deuterium with thickness of about 67% attenuation of the g-ray beam

A The neutron can be moderated in the liquid deuterium target, escape with low energy (~10 meV), and be
detected efficiently in current mode in a He/*He ion chamber

A The transmitted and scattered gs can be measured using current-mode g detectors located behind the
3He/*He ion chamber

A Cylindrical symmetry of detector array to help suppress possible systematic errors




HIgX2 Concept

Electron Bunches

e U

ET beam

Featuresof HIgS?2 (optimizedfor parity-violation measurementsf g-ray inducedreactions)

Ay-ray beam produced by Comptback scattering of electron bunches circulating in a storage ring from photons
aFabryPérotoptical cavity pumped with a highowered external laser;

Arotal gray beam flux = 18 to 102 g/s (~x1000 larger tharlgS) in energy range of 2 to 12 MeV:;

ACircular beam polarization with magnitude > 95% and fast reversal of polarization direction using well establis}

methods;
MPrecision control and diagnostics of beam phase space; and
ABeam energy resolution selected by collimation.
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Aucl

ucl
\_model tests.

Goal: Weak interaction physics studies
through parity non -conservation
measurements in Fr:

ear spi nandpale e n d
moment; hadronic influence.

ear spin indepje

FIO5 209Fr atoms trapped

Nov 2012: Commissioning run (2),

209, 207 213%* 206* in preparation foFrPNC
* not previously trapped

~

yperfine anomalies and isotope shifts in isotope
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