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Bosons are too heavy

Study the weak interaction between hadrons

® Explore weak interaction at low energies.

® The Al = Zrule: T(KL — 10119) » M(K* — 11*110).

® Probe strong interaction at low energies.
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Weak Interaction

Weak processes

® L— e +v,+v,

® n—op+e+v,
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Weak Interaction

® AS=0: strong

STRONG
weak

107

® Use Parity!
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Parity Violation

Study the weak interaction
between hadrons

® Two nucleon system:
n+p—d+y

® /AS=0 4] = I channel
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Why PV inn+p — d+y?

n + p excited and ground states
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Experiment - Overview
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® Flight Path

® Neutron Guide
® Shielding

® Holding Field

® Beam Monitors
® Detector Array

® RF Spin Flipper
® Polarizer

® Analyzer

® Hydrogen Target
® Compound Targets



Experiment — Flight Path

Flight — Path

® 800 MeV Protons from %
mile linac (~100uA)

® Protons hit the W
spallation target to produce
neutrons

® Neutrons are moderated
by LH2 to ~100meV

® 20Hz pulses — 50ms frames
— time of flight information
®Neutrons are delivered by
an ~20m “supermirror” guide

-
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Apparatus
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Apparatus — Flight Path Length

Bragg Transmission

nA = Zd SmH % .h
1 2

Be Bragg Edges, L =21.490.032[m], L _ =22.81:0.035 [m] .

LT T T R Flight Path Length

3507A@1957[ms]

3.080 A @ 21.60 [ms]

Lo = 21.10 + 0.03 m
L, =21.11 + 0.03m
L, = 2149 + 0.03m
L, =22.81+0.04m

1l 21.5[ Ll I22I L
TOF [ms]
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ﬁxperiment —v-ray Detectors

Measure Neutron Flux

® 37 acceptance
® 4 rings of 15x15%15 cm? CslI crystals
® VPD: insensitive to magnetic field

® High event rate: use current mode

® [Low-noise preamps: < 0.1 mV RMS
® Operate at counting statistics

® 95% vyv’s stopped in crystals

® Aligned with B, better than 1°
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Light from CsI(Tl) is detected by 3” vacuum photodiodes which have S20 photocathodes.

vacuum photodiode linearity  <  10-4  and

magnetic field sensitivity  < 10-4/G  and < 10-5/G2



Vacuum photodiode has a gain of 1  a high-gain low-noise I  V preamplifier is required.



In the current mode detection statistical fluctuations (counting statistics) appear as a shot noise in photodiode current.



RMS of the shot noise current density is  i_noise/√f = √(2qI) ~ n_pe√(2·rate) ≈ 5 pA/√Hz per detector.



Sources of noise; Johnson noise in Rf, current and voltage noises in the op amp input, and photocathode dark current



If Rf = 60 M then the total calculated equivalent noise at the input is 19 fA/√Hz dominated by Rf.



Noise value measured from the circuit is about 20 fA/√Hz.     counting statistics/noise  250.



Counting statistics rules the run time.



To measure beam-off false asymmetry to 0.5 x 10-8  beam-off time of a few minutes is needed.




Experiment — Polarizer

Polarized Laser Light

Unpolarized Polarized

3SHe cell

Helmbholtz Coils

e 12 cm in diameter, 5 cm thick
® 4.9 atm-cm Typical polarization ~ 55%

® Relaxation time of 500 hrs
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Experiment — Polarizer

Neutron Beam Polarization
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Experiment — Polarizer Performance
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Experiment — Analyzer

e Measure Neutron Beam polarization

® Measure RFSF efficiency

® Optimize RFSF parameters
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Experiment — Analyzer

® PEEK/glass components

® Uniform Temperature (165° C)

Laser Optics

e Non-metallic parts

® Polarized light from 2 sides
® 30 W Laser




Experiment — Analyzer

¢ HdirpholtZigaiecreate 12 Gauss field
e Runping.en batteriegpical polarization ~ 47%
Loss ot larlzap,cl)rb' ~10%/hr

® Helaxa Ime O hrs
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Ii‘,xperiment — RF Neutron Spin Flipper

Resonant Radio Frequency Spin Rotator

® Limit systematic effects
® 2 mm Al housing enough to isolate RF field

® 20 Hz pulse pattern: 1| 1]11!
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I?FSF — Parameter Optimization

o
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2T =-

Relative RFSF efficiency
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Relative RFSF efficiency
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23 -

2.2 - .
% deviation from nominal coil current (18.41 A)

REFSF Efficiency Optimization

® Optimization is performed using the Analyzer

® Normalized population difference between 1
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RFSF Efficiency

On Axis ¥2/ ndf 1547/41
po 0.9993 + 0.001287

). 1l
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RFSF Efficiency Measurement

® NMR Flip- 100% ®
® Compare NMR and RFSF flips

® Scan off-axis by moving

€ =99.69+0.12

on axis

g 81.3“ beam left — 94.06+£0.11

collimator+analyzer+M3 ® £ 3 peamright = 93.83 £ 0.11
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PV in Compound Nucle1 — Not so simple,

so why bother?

Some materials are in the beamline —Al, Cu, In ...

Study PV in nuclear targets — has not been done for this A-range
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Compound Solid Targets

(To — Neutron radiative capture cross-section at 1500 m/s

(Te — Neutron scattering cross-section

(Tcoh - Coherent cross-section

(Tinceh - Incoherent cross-section LiSt Of SOlid Targets

D0 — S-wave average level spacing

Sn — Neutron separation energy _
[

| ® Al ® Cu ®In

m@g} [Soone] Jo Tz |Finech| DO Sn Thickness[cm]
Sc 45 39.89 224 4.3 1.3 8760.5 1.82 . M n .TI . V
Vv 5] 7.33 4.8 4.783 2.7 7311.2 5.50
® Co ® (| ® Sc
Co 59 54.53 3] 5.04 1. 7491. 0.59
Ti 8.93 4.09 275 5.74
48 11.50 4.1 13.0 3] 81425 0.7
Mn 55 19.51 2.2 0.6 2.70.4 7270 0.5 1.82
In 284.24 2.45 0.5 0.27
115 296.27| 2.6 0.6[.40.2ev 6784.30.9
Selection Criteria
® Large capture cross-section ® Small incoherent cross-section

® Small scattering cross-section @ Close level spacing
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Compound Solid Targets
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1Qargets —LH,

G ortho

Cross sections
¢ Gcap « Ogcatt

® Para-H,: capturegnpapaergfit scatter

I

- — 20.052 + 0.014 b
v e ~=0,439 + 0.003 b

\ _ ® Ortho-H,: cg€rent and incoherent scatter
"_‘ N

/
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Targets — LH,

Ortho-to-Para Conversion

® Ortho-Para conversion - 1030 hrs

%

® Knatural = 1.94 E
K = 6.09 %
. orPCc — ' h?‘

® Two FeO, OPCs — 112 hrs
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®
Targets — LH,

u
Sl _Ks o
® Full measurement: SFull K, other = % Hp
Empty
Su3 K3

= —.T
Empty K other
Sa2 2

® Empty measurement:

Full Full
Sus /S

. T
® Resultingin 2 Empty /sE Empty

Tr-,-..-....,.i,...i...-

| g
L Yy Para: 99.98%
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Data Analysis

do

i = 1+ A4, - cos(¥)

g

‘0~ ©
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Data Analysis

11

10 : 1

Sequence Asymmetry
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A =
Y P@)-T()-S(b)
Ai
Qi Gzy q
Atotal LYy _|_
) 4 1 — ’—
" Xi—z 1
O'l i
()

Raw Asymmetry

raw _—
4 U+ D

raw — aAUD ~UD LR ~LR
raw = AUDGUD 4 ALRG,

A'I"aW
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Detector Geometry

Reconstructed Angles
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Detector Geometry

<8, >
Geometry Factors detector ..

® Ideally cosd and sind

® Neutron absorption probability

detector

® Energy left by a y in the crystal

i
1 GLR

(@) + (Ge)

100

9 =sin

60
40

0 0 detector

Error from Left-Right Mixing into Up-Down

oY
LR . UD LR
Ay ] + sind [Ay +—2 Ay ]

, oY
_ UD
Ayr““’ = c0S¥ [Ay + —2
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Depolarization 1n the targets

arizati 4.99.95% para-LH2
LH2 Depolarization i
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Backgrounds and false asymmetries

Sources of Backgrounds Background to Signal Ratio

® Electronic pick-up
® Activation

® Scattered neutrons
® Frame overlap

® v's from spallation

® Few percent for solids

® A'+bk(s'+sbk)
More for LH, Ay, = —oPko . f‘g L = Asigrong(L + B) — ApiyB
sig
¢ ABkg =0
_ 2 .2 2 2
O-Asig \/(1 T ﬁ) aAsig+bkg T B aAbkg
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Cuts

No Cuts
cutt
Cuts On Beam Current, Detector Sum, M1 and Beam Fluctuations

Cuts on the Data

agammaJ

® Neutron beam current

| | ® Detector sums/diff’s

® Beam fluctuations

® Detector saturation

® Valid spin sequences

0004 0002 0 00z T 0.004
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[Predlcted Gamma Aﬁ}fmmetrﬂ' | _
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Asymmetry Results - Chlorine
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Asymmetry Results - Hydrogen

. 1.5E-06 :
:‘ . DATA=—A=UD*COS(x) + LR*SIN(x)
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>-0E-07 ® More statistics
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Results — The other targets

A (x107)
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Caviighaciet al. LANL 2006,
Phyns+.I:de+tt.B., 67 Production Phase 1
14821 Q7 7

Phys.Lett.B., 67

A = (0.8448)x107 A = (.95 +2.01)x107

Wood e Science 275, 1753, 1997 —_—

56,1641, 1,997 v
H!=(-goeatsen)x 106 H ! =(-2.1 +4.57%10

n+tp—-d+y ‘

LANL 2006, Preliminary

4 2 0 2 4
H_1(x10-%)
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