Hadronic Parity Violation with Cold
Neutrons

Three experiments (at the SNS):

NPDGamma:

Transversely polarized cold neutrons on hydrogen -
looks for a directional asymmetry in the number of
y-rays, after decay: n + p > d +y

n3He:

Longitudinally polarized cold neutrons on helium 3 -
looks for a directional asymmetry in the number of
protons after breakup: n + 3He — t + p

Nab:

Cold neutron beta decay at the SNS. Measuring “little a”
and "little b” to high precision, as a test for BSM, and
CKM unitarity.
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Spallation Neutron Source (SNS)




The Fundamental Neutron
Physics Beam (FnPB)

_ Fundamental Neutron Physics Facility
at the SNS. Beamline 13
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« 17 m long guide ~ 20 m to experiment
. one polyenergetic cold beam line

. one monoenergetic (0.89 nm) beam line
« ~40 m to nEDM UCN source

« 4 frame overlap choppers

« 60 Hz pulse repetition
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FnPB has a Cold Moderator

10°
10°

Ultra Cold: E < 0.2 peV

Fast: E > 1eV
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The NPDGamma

n+p—d+y
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19 UC Davis
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22 Duke University
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The NPDGamma Observable

The main NPDGamma observable is the up-down asymmetry in the angular

distribution of gamma rays with respect to the neutron spin direction:
§ B, ‘
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DDH: ‘Ay =-0.107H"" ~-0.107 x12xg_=-5x10"

EFT: (4, = -0107m,p, = -5x10°®
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Some Results

ﬁ+p —>d+ v

[ |Lattice QCD

NPDGamma Run |
Phys. Rev. C 83 015505 (2011)

-ﬁ+p sd+7v

Cavaignac, et al.
Phys. Lett. B. 67 (1977) 148

Y Evans, et al. ; Bini et al.
Phys. Rev. Lett. 55 (1985)

33cs Wood et al.
Science 275 (1997) 1641
Flambaum and Murray
Phys. Rev. C 56 (1997) 1641

Compound Nuclei
Phys. Rep. 354, 157 (2001)
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Some Results:

Cross Section (b/atom)

(Phys. Rev. B 91, 180301(R) Published 8 May 2015
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The n3He Collaboration

« Spokespersons
D. Bowman, M. Gericke, C. Crawford

 Local Project Manager

S. Penttila

* Project Engineer

Jack Thomison

«  Work Subpackage Leaders

G. Greene
L. Barrdn
C. Crawford
M. Gericke
D. Bowman
C. Crawford
N. Fomin

J. Hamblen
D. Bowman

Neutronics
Solenoid

Spin rotator
Target / detector
Preamplifiers
Data acquisition
Online analysis
Integration
Commissioning

INSTITUTION RESEARCHER

CATEGORY

2014 EFFORT]

DUKE UNIVERSITY, TRIANGLE UNIVERSITIES NUCLEAR LABORATORY

PIL-NEO SEO

RESEARCH STAFF

10

ISTITUTO NAZIONALE DI FiSICA NUCLEARE, SEZIONE DI PISA

MICHELE VIVIANI RESEARCH STAFF 15
OAK RIDGE NATIONAL LABORATORY
SEPPO PENTILLA RESEARCH STAFF 70
DAVID BOWMAN RESEARCH STAFF 70
PAUL MUELLER RESEARCH STAFF 50
JACK THOMISON ENGINEER 50
VINCE CIANCIOLO RESEARCH STAFF 10
UNIVERSITY OF KENTUCKY
CHRIS CRAWFORD FACULTY 50
KABIR LATIFUL GRAD STUDENT 100
WESTERN KENTUCKY UNIVERSITY
IVAN NovIKOV FACULTY 70
UNIVERSITY OF MANITOBA
MICHAEL GERICKE FAcCULTY 50
MARK MCCREA GRAD STUDENT 70
CARLOS OLGUIN GRAD STUDENT 100
UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
LIBERTAD BARON FAcULTY 50
ANDRES RAMIREZ MORALES GRAD STUDENT 100
UNIVERSITY OF NEW HAMPSHIRE
JOHN CALARCO FACULTY 50
UNIVERSITY OF SOUTH CAROLINA
VLADIMIR GUDKOV FACULTY 5
MATTHIAS SCHINDLER FACULTY 5
UNIVERISTY OF TENNESSEE
E GEOFF GREENE FACULTY 30
NADIA FOMIN FACULTY 30
IRAKLI GARISHVILI PosTboc 50
CHRIS HAYES GRAD STUDENT 100
CHRIS COPPOLA GRAD STDUENT 100
UNIVERISTY OF TENNESSEE AT CHATTANOOGA
h JosH HAMBLEN FACULTY 75
CALEB WICKERSHAM UNDERGRADUATE 100
UNIVERSITY OF VIRGINIA
S. BAESSLER FACULTY 10
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FnPB cold

neutron guide

8¢9

Experimental Setup

{

\_——

E=ESSE

| —

10 Gauss

it + “He — p + t 4 764 keV

solenoid

* Measure PV spin asymmetry to 2x10-8

SHe Beam
Monitor RF spin 3He target /
rotator lon chamber
— J _/
Y Y
FNPB n-3He

 Longitudinal holding field - suppressing PC nuclear asymmetry:

(1.7x10°¢ oc s, * k, x k,, (Hale) suppressed by two small angles

* RF spin flipper - negligible spin-dependence of neutron velocity

« 3He ion chamber - both target and detector
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n3He Calculations

* Full four-body calculation of strong scattering wave functions

* Evaluation of the weak matrix elements in terms of the DDH
potential (Work in progress on calculation of EFT low energy
coefficients)

‘5 4x1 ()-(‘- DDH Weak (APZ) n3He ﬁvtp
iz Coupling
£ :
é %E OA 21 aﬂ- '0.189
R .
5% du0 a, -0.036
tEE ’
i a, 0.019
S 9
= n-p (proposed) 2
' ! ith n3 a -0.0006
05 00 05 10 1.5x10° Wlthln He po
h reliminar
Hadronic Isovector Weak I‘orce Coupling Constant (p € a y) aa) "0. 0334
. He R -8 a 0.0413
Al e (th.) ~ (9.4 > 2.5)x10 ’

M. Viviani, R. Schiavilla, Phys. Rev. C. 82 044001 (2010)
L. Girlanda et al. Phys. Rev. Lett. 105 232502 (2010)
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n3He Experimental Setup
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Schedule Overview

Complete component construction / bench testing
Preassemble in staging area

Facility summer maintenance break

Removal of NPDGamma

Installation of n-3He on beam line

IRR

Alignment of the experiment with beam
Commissioning;

Measurement of PC transverse asymmetry:;
Facility winter maintenance break

Measurement of PV longitudinal asymmetry;

May 2014

June 2014

June-27 - Aug-15 2014
June-27 - July -7 2014
July-7 - Aug-15 2014
August 2014

Sep - Oct -2014

Oct - Nov - 2014

Dec - 2014

Dec - 2014 - Feb - 2015
Feb-2015 - Dec- 2015



Installed Experiment
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Installed Experiment

Mark McCrea Ph.D. Thesis Project
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Phys. Asymmetry per conjugate pair

First Data

Chamber Signal - Run#8650
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The Nab experiment
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Goal: Aa/a=1x103
Neutron Beta Decay Goal: Ab =3 x 103

t P 1. Neutrino physics: Abundance of solar
neutrinos

2. Cosmology: abundance of light elements from
primordial nucleosynthesis

3. Particle Physics: Unitarity of Cabbibo-
Kobayashi-Maskawa (CKM) Matrix, existence

o
of fourth generation of quarks
4. More particle physics: searches for S,T
e interactions that are motivated by TeV physics
n 5. Even more particle physics: search for new

channels for CP violation

Including all types of interactions (S,PV,A,T), differential decay rate can be written:

dw : ﬁe'ﬁv me ﬁe ﬁv
w E.(Ey—E)* |1 Ha (b} —+(d,) | A—+B—+ -
dEedQGdQV X pe 6( 0 6) + a EQEV _|- Ee + (O-TL> Ee + EV +



Physics

1 Determ

ine | = g,/9y

From a = (1-]1|2)/(1+3]1]23)

PERKEO II (2013)
UCNA (2013) —+—
UCNA (2010) (——

AWK =0.03%
(Nab goal)

=)
Byrne (2002)

T
Average:

-1.2724(21) '

PERKEO II (1997) (—H

=) PERKEO II (2002)

————Mostovoi (2001)

[ E—
Yerozolimskii (1997)
=)
——+—— Liaud (1997)

A PERKEO I (1986)

Stratowa (1997)

-1.28

-1.26

=g,y
0A A—1(BN+1
‘ _ ol )(,3,+‘ ) ~ 037
I\ (1 + 3A2)2
da  —8)\
- ~ ~0.30

O (1+3\

?)
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2.

Test unitarity of CKM Matrix

from
|V,4|27, (1+312)=4908.7(19) s
|Vud|2+ |Vus|2+ |Vub|2= 1

0.235
[Lia09] )
PKO1 [L1a09]
* DDME2
0.23 *
[Sat12]
[HT14] + DFT
) Kp
+.20.225 - " -
[HT09] \
Ky
0.22 |1 l J
T decays
0.215

Search for Beyond the Standard

3. Model Physics through S, T

interactions
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Our Contribution:

29.26
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Manpower and budget:

Table 1: Current Canadian Effort and Manpower

Researcher Institution | FTE | Effort
M. Gericke Manitoba | 0.3 NPDGamma, n3He, and Nab detectors
M. McCrea (Student) | Manitoba | 1.0 NPDGamma and n3He detectors and analysis
N. Macsai (Student) | Manitoba | 1.0 Nab detectors and analysis
J. Mammei Manitoba | 0.1 Nab detectors
R. Mammei Winnipeg | 0.1 Nab detectors
J. Martin Winnipeg | 0.1 Nab detectors
C. Olguin (Student) Manitoba | 1.0 n3He detectors and analysis
Table 2: Estimated Optimum Nab Funding Levels.
Funding Year | Amount | Comments
2017-18 5113k 3 students and $50k in travel
$ 20k equipment maintenance
2018-19 5113k 3 students and $50k in travel
S 20k equipment maintenance
2019-20 582k 2 students and $40k in travel
2020-21 563k 2 students and $20k in travel
2021-22 541k 1 students and $20k in travel
2022-26 S0k
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