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Proposal Goal:
* Measure the up-down PV spin asymmetry to ~2x10-8

* Measure the left right PC spin asymmetry to ~5x10-8
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* Full four-body calculation of strong scattering wave functions

e Evaluation of the weak matrix elements in terms of the DDH
potential:

APV . alhl + aoho I al hl + azhz Sis aOhO -+ alhl gDHI.Weak (AP,) n*He —tp
7~ p P p P P P o o ® oupling

a -0.189

- a, -0.036

A, (th.) =~ (-9.4 - 2.5)x10 . 7r

af -0.0006

a’ -0.0334

al 0.0413

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




* Full four-body calculation of strong scattering wave functions

» Evaluation of the weak matrix elements in terms of the EFT

potential:

A

P

|4, (th) ~1.7x10® A =500 MeV|

|4, (th) ~3.5x10° A =600 MeV|

1
= aohﬂ +a,C, +a,C, +a,C, +a,C, +a.C,

EFT A = 500 MeV A = 600 MeV

coefficents
a -0.1444 -0.1293
a; 0.0061 0.0081
a, 0.0226 | 0.0320
a, -0.0199 | -0.0161
a, -0.0174 | -0.0156
as -0.0005 -0.0001

M. Viviani, et al. Phys. Rev. C 89, 064004 (2014)




Proposal Goal:
* Measure the up-down PV spin asymmetry to ~2x10-8

* Measure the left right PC spin asymmetry to ~5x10-8
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n3He Principle of Measurement

Measure the asymmetry in the number of forward going protons in a 3He wire

chamber as a function of neutron spin:

7 . .. Directional PV asymmetry in the number of tritons
On T

Efn ‘ kp
(much larger track length)

. wire chamber is both target and
detector
. wires run vertical or horizontal

. no crossed wire: keep the field
simple to avoid electron
multiplication (non-linearities)

Directional PV asymmetry in the number of protons
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n3He Principle of Measurement
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« Chamber filled with Helium 3

. Want to let protons range out

- Proton range r,~10 cm

« Neutron mfp should be < r /2
. Optimize wavelength range

« Maximize neutron beam intensity
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n3He Principle of Measurement

Split the 3He target volume into 144 equally spaced cells using wires:

Contours of lthe. potential

33.8
30.4

K

SRRISERNNNNNYNN SR NRRN SRR ERRISRIE
NMERIERANRRRARRRRERIESARARNSRRRERRERRR
%HHHHH\\\\\\\\\\\\\\\\\\\\\\\\\
5§§§ﬁ&&&&%%§§§§§§§§§§§§§§§§§§§§§

—= L]

1 |
il

—= = L] [ = = = = = L] [ = = = = = L]

A S S S S S N — 95.4

o e e o e sl ele ele el a e e e . 16

5 0

e From Mark McCrea Ph.D. thesis.

SRR N N SN R N SRR RRR 0 ¥
\HEE\\\\\\\\\\\\\\\\\\xxxxxxx\\\

: — raw I J

The asymmetry is determined either from the yield of a single wire for
two different spin states, or

from the yield of two opposite (conjugate) wire pairs in the same spin
state.



n3He Principle of Measurement

Target-Detector Chamber:

From Mark McCrea Ph.D. thesis.

2018-03-15 KITP HPNC Workshop (Michael Gericke)

11



n3He Principle of Measurement

Beam Profile:
From Mark McCrea Ph.D. thesis.
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The size of the wire frame was designed to cover the beam profile
including beam divergence.
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n3He Principle of Measurement

Target-Detector Chamber:

R Y

/ .
. iy

From Mark McCrea Ph.D. thesis.
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n3He Principle of Measurement

Target-Detector Chamber:
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From Mark McCrea Ph.D. thesis.



n3He Principle of Measurement

Target-Detector Chamber:
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From Mark McCrea Ph.D. thesis.

Using trans-impedance amplifiers to convert signal wire current to
voltage signal.
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n3He Principle of Measurement
Wire signal:
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Each neutron pulse window signal yield is divided into 49 TOF bins of
0.34 ms width.

We usually integrate over the a TOF range within each pulse to get the
wire yield.

PV asymmetry collected ~ 30000 good runs with 25000 pulses each.



n3He Principle of Measurement

Measurement principle of the chamber:

Sense Wires
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n3He Principle of Measurement

Measurement principle of the chamber:

= Sense Wires
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n3He Principle of Measurement
Finite geometry correction factors:

Yield [volt]
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n3He Principle of Measurement
Finite geometry correction factors:

The Geometry Factors

Conjugate
wire pair
rows
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n3He Analysis

p

Detector wire yield: [d(j) (

o | oo 1+APvC°5‘9gn.;z+APcC°5¢§ann.Ep)

m==) Y=Y, (1+2PA,,6,, £ cPA,G,,) per wire

4 y'-y ) o —o
Raw asymmetry: raw |y y- | (theoretically: ePA oy =| ————|)
O +0O0

Things that one has to take care off:

« Pedestals and possible electronic false asymmetries
« Beam fluctuations and associated false asymmetries
« Correlations between wires



n3He Analysis

Incorporating the pedestal and neutron beam intensity asymmetries in the analysis:

« So the yield for wire (i)
Yt = Y2 (1 £ ePgiApy) + pf

Leads to an asymmetry (from beam normalized yields)

1({pS b
Ai,raw = ePg;Apy + E(Y-;-l_ _ Yiol—>

l

Define
+ —
Ajpeg = Pi P pulse-pair beam off
RO AR A2 asymmetry
ot __yo— R
Al e = i f D neutron beam intensity

Y2 + Yo It 4 asymmetry

l



n3He Analysis

Incorporating the pedestal and neutron beam intensity asymmetries in the analysis :

Leads to:

+
Di 1+ Ageam Ajped

The measured asymmetries are small (or zero), so we can expand to first order in the
asymmetries to get

+
p.
Ai,raw = PgiAPV _ YTL-FABeam + Ai,ped + Ai,pedABeam + O(AZ) t ..

i

If we can ignore everything of order A% then we can just average the pulse pair
asymmetries, so that for all pulses, the wire asymmetry would be

p.+
(Ai,raw> <2 <P>giAPV — <Y_;+> (ABeam> + (Ai,ped>

l



n3He Analysis

Incorporating the pedestal and neutron beam intensity asymmetries in the analysis :

From Latiful Kabir's (U. Kentucky) thesis: Ageam ~ 0(1077) (beam monitor data over all
runs)

pi -3
s ~0(107%)

*  From data

* From this analysis A,.q = (0.26 £1.97) X 107°
« So that over all runs we get a contribution from these factors of order
Ai,raw = Pg;Apy * 0(10_9)

Future experiments that want to push the error boundary will have to pay
extreme attention to beam fluctuations and electronic noise/asymmetries.

This isn't unique to n3He ( all e,p,n, analyzing power measurements, etc..)



n3He Preliminary Results

N

Uncorrected
PC (LR) asymmetry:

(Latiful Kabir, Ph.D. thesis)
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n3He Preliminary Results

Corrected PC (LR) asymmetry:

5

o

A, =(-41£5)x10° ¢
©

T

120 _

Wire number

20 .40 60
Wire number

2018-03-15

- S A R o N a o> o
||||||||||||||||||| ||||||||||||||||

'
@

jay
Q.

&

(Latiful Kabir, Ph.D. thesis)

x2 / ndf
b

100.5/125
-4.111e-07 £ 5.316e-08

20

40

6
Mode

KITP HPNC Workshop (Michael Gericke)

0

80 100

26

120



n3He Preliminary Results

Corrected PV (UD) asymmetry:
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n3He Preliminary Results

Constraints from this experiment:
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Summary

Development and Construction

Installation
Commissioning
Production Data Taking
Analysis

Thank you

2010 - 2014

Fall 2014

Fall 2014 - January 2015
February - December 2015
To be completed this spring





