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Seminar overview

« Motivation
— Why we study parity violation (PV) in neutron spin rotation
— The theory/model of the weak NN interaction
— Optical origin of PV spin rotation

 Experiment
— How will we measure this signal ?
— Experimental challenges — what backgrounds must be suppressed
— Design of apparatus
— Current status

e Summary/Goals
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Motivation

« Parity Violation (PV) neutron spin rotation is a probe of the NN weak interaction

after ~ 50 years of study hadronic weak interaction is not understood
( data + theory is inconsistent)

 Why is it important to understand NN weak interactions ?
— needed to interpret PV in nuclear and atomic systems
— sensitive to g-g correlations in nucleon — “inside out probe of QCD”
— Develop theory of strangeness conserving (AS=0) nonleptonic weak interaction

-+ ~1/100 fm range

?
¢ ?
C;/ é $ o
Strong NN force Weak NN force

Relative weak/strong amplitudes:
~[e2/m,2]/[g?/m 2]~10-7
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The NN weak interaction: Theoretical descriptions

1. DDH meson exchange model - history, but still used

assumes 11, p, and w exchange dominate the low-energy PV NN

potential as they do for strong NN
Weak meson exchange coupling constants f,, h 2, h 1, h 2z h ¥ h 7 h;

N N -+ ~1/100 fm range
lfm T P, W ~ 5
/ N N Weak NN force

Strong NN force
One Meson Exchange model: VFV,,c qq weak processes hidden in
the weak NN vertex
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Current knowledge about weak NN amplitudes

DDH "reasonable range" DDH "reasonable range"
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n-*He spin rotation in terms of weak couplings:
@=10-"rad/m (Dmitriev) using DDH “best values”
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A n+p->D+y asymmetry determines f_
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NN Weak Meson Couplings

measured

10° np A, np @ nD A, na @ |ppA, pa A,

f -0.11 -3.12 0.92 -0.97 -0.34

hpO -0.23 -0.50 -0.32 0.08 0.14

h! -0.001 0.10 0.11 |0.08 |0.05

h,2 -0.25  |0.05 0.03

h.0 -0.23 -0.16 -0.22 0.07 0.06

h, -0.003 -0.002 0.22 0.07 0.06

Column gives relation between PV observable and weak couplings
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The NN weak interaction: Theoretical descriptions

VPY was reformulated in the EFT framework

\/PV /f/ \ \/PV

EFT
good for low energy (long range interaction due to OPE,
(short range interaction) medium range due to TPE)

2. *New “Hybrid” Effective Field Theory description,
*Liu, C.P., Parity Violating Observables of Two-Nucleon Systems in Effective Field Theory,
arXiv: nucl-th/0609078 v1 28 Sep 2006

-wave function from phenomenology
-general operator structure of EFT

In order to completely describe the nuclear PV phenomena at low energy, minimal
set of 6 parameters is needed:

=5 low energy constants (Danilov parameters) (related to the S-P scattering
amplitudes)

—long-range OPE parameter (proportional to the PV 1N coupling constant f)
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Neutron optics

For neutrons with E<25 meV the A is on the order of the interatomic spacing in materials ——

the wave properties predominate over their particle characteristic —> theory of neutron optics !

Phase shiftp=n-1)k
Index of refraction

ddk> n=|K|/|K=V[(E,-<V>)/E]

<V>=27h?pb/m

0.=A\V[pb/rd

critical angle
matter \/
~— 0.
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PV phase shift is opposite for
|[+z>and |-z>:

1

N N Z>)

The PV rotation of the angle of transverse
spin is the accumulated phase difference:

(e‘i (b +dby )

7) + (o)

Py = ¢ —¢ =2¢,, =41,

Spin rotation in optics

Forward scattering amplitude, for low energy neutrons:

O =A+BIZRES) +Q0, ) +DSE) +BaHREY)

For He: S=0 f(0) = fpe + fp, (FK)

Index of Refraction: n=1+ 27p f (0)
k2

Neutron optical phase shift:

2 _—
9=K <1+k—’Z"(fpc + £, (F1K)))

¢ = Coc T ¢y
AN
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D= FU0 )] s g
)
-
k““:\:'“*
ASM detector
PSM A
L\:;____, PLASIng = (N+ " N_)

» Opposite-helicity components accumulate different phases from ¢ - k term in
forward scattering amplitude

« PV rotation angle per unit length d@/dz related to PV amplitude [@=n-p-l,
n-1=21f/p?]

« Accumulated phase differences between opposite helicity states cause
transversely-polarized neutrons to corkscrew as they propagate through target
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neutrons
Target Previous measurement
139 a -(219 + 29)x10% rad/cm
Pb (nat.) (2.24 £ 0.33)x10-6 rad/cm

1175n(7.5% abundance)  -(37 £ 2.5)x10-% rad/cm

35Cl (in CCl,) PV Gamma asym 2E-5
81Br (in SiBr, ~50% -(131 +1.9)x10% rad/cm
abundance) (unpublished)

V neutron spin rotation targets: Previous results with slow

Reference

Phys. Rev. C 29, 2389,
1984

Phys. Lett.119B, 298,
1982

Phys. Lett.119B, 298,
1982

Many

S. Saha Ph.D. thesis
1990 Univ. of
Washington
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Where will we measure @.,, ?
NIST Center for Neutron Research (NCNR)

Eight cold neutron guides, two for fundamental physics (NG-6, NG-7)

NG-1 REFL NG-1 10m SANS

NG-1ANDR 5 _ 3 P
% R‘. u NG-3 30m SANS

Reactor 20 MW

(fission neutrons) NGT
Moderation —

.———EE'-;—

NG-4

D,O
Thermal neutrons

NG-4 DCS
J
Cold neutrons NG-6 FCS

E<5 meV: T=20K NG-7 REFL

wavelength (A) ~ few A NG-7 prompt

NG-7 INT
NG-7 30m SANS

Cold neutrons are conducted by neutron mirrors (guides) over 80 — 100m with
small losses to experimental areas.
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Cold Neutron Guide hall at NCNR

| SeNi guide 8,=2.1 mrad/A
(21 mrad/nm) good cold
neutron guide

NG-6 Polychromatic

beam line 2 mono-

chromatic
beams

upper hal lower half

2000 —

2
" S 1500
<

=l
5 1000 o
f=}

500 o

Neutron flux after Be&Bi filters = 1.2 x 10° n/cm?/s o 2 4 e s woom o

Wavelenght [A]
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Neutron spin rotation apparatus

v L
z (beam direction)

Be & Bi

FILTERS RF SPIN
FLIPPER

b HOUSE  IONISATION

CHAMBER

MAGNETIC
SHIELDS

\
7—
\
el
IN

I =) (| TARGET
R — —/
—| e — | T
T BEAM STOP
OUTPUT COIL
BIO- SHIELD  SPIN INPUT COIL
TRANSPORT
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3He n-detector

Analyzer

Target Chamber
— back position

11— Coll

Target Chamber
— front position

Polarizer

Conceptual target design

A <— 2 states of the same experiment — B

A A
- > G
<« <«
—> —>
- 4__4_’ (GB-GF) - Gy -1 4__’_’ (eB'eF)+ (2,
< — -GF - @y < < -GF
- ®
—— 9F+ ()Y ——p — 9,;
Z
x% ® B-A=2¢,
| y |

Cold Neutron Beam
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Target design

3He n-detector

Analyzer

Target Chamber
— back position

1t— Coll

Target Chamber
— front position

Polarizer

2@y
A.B,  AsBg
A A

Cold Neutron Beam
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Target Design: Sensors & Motion Control

thermometry

LHe level sensor (1 per target body)

fluxgate magnetometer
(1 per chamber)

(2 per target body

""""""

control strings:

LHe centrifugal ' drainpipes &
pump driveshaft magnetometers
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Target Design: Pump & Drain System

LHe target : ;__5}- C |
supply tubing sfr?,fgos

drainpipe ends fitted w/
knife-edge for superfluid-
film suppression @

drainpipes ‘ P g, S|
(1 per chamber) Y IEwEET grooves for
e draining LHe

centrifugal
pump
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Cryostat

« Oxford horizontal, cold-bore cryostat
- built from non-magnetic materials

- consists of two coaxial annular vessels
housed within a cylindrical main vacuum
vessel

4K thermal shield ]

cold bore:
30.5 cm dia
100 cm long

Cryoperm 10
cylinder lines
LN2 volume: 50L | coldbore

INT Seattle, WA, June 8, 2007



Insert & Feedthroughs - Assembly

P j‘f ‘ instrumentation
by % wire harness

2K motion control e ) Ve
feedthrough - i

4K temp sensoD

capillary line
connection to 4K

1K-Pot pump line

2K temp sensor |
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Insert & Feedthroughs - Assembly

77 K temp sensoD

77K thermal
shield
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; Insert & Feedthroughs - Assembly

300K main
vac flange

aaaaa

Cryostat supportj
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Insert & Feedthroughs - Assembly

1K-Pot pump line
feedthrough

=

thermal sink

I | thermal sink
to 4K to 4K

aluminum foil
» o window

INT Seattle, WA, June 8, 2007



; Insert & Feedthroughs - Assembly

thermal AN | thermal
sink to 77K s, . o DETAN sink to 77K
(behind FT)

Y 77K thermal
shield
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; Insert & Feedthroughs - Assembly

2K motion 1K-Pot
control pump out
feedthrough feedthrough

300K main
vac flange




Insert & Feedthroughs - Assembly

300K vacuum X / 300K vacuum
jacket for 2K J

jacket for 1K-pot
motion control

pump line
feedthrough ‘ 4K MCB:

1 1K-pot pump line &
2K MCB: trim coil access
strings and
driveshatft

ISO-KF
flanges




Magnetic shielding

Magnetic field is responsible for almost all of systematic effects !

(1uT cause rotation of 5A neutrons ~ 2 mrad/m)
Goal: to reach as low as possible and constant longitudinal B field in the target region (B < 50nT)

Surrounding target region with ferromagnetic shields will cause
the magnetic flux fo concentrate in the shielding material T

Face view|. _

7=
S s

2 OUTCF‘ CRYOPERM 10 Amurnetal
T CO-NETIC AA shield — /

50,000

1 inner
CRYOPERM-10 shield N

Temperature — 3=

are
mounted on
both sides

CAP Congres, Saskatoon, SK, June 19, 2007



Suppressing the magnetic field

Using our mu-metal shield we can
suppress longitudinal B field by ~106

« sm | *
ot

v
(W
/

To monitor longitudinal B files 4 fluxgate
magnetometers are mounted on the target lid.

d

Information will be use to further decrease B
field by using trim coils wound on the target
canister (feed back system).

I L
20 40 80 80 100 120 140 180 180, 20
position {cm

But 2nT (fluxgate sensitivity) in the target region still not good enough (causes
rotation 100 times bigger than @,,)

—Target design — to extract tiny PV signal from much bigger due to magnetic field




B Field (mG)

“Nice” surprise at NIST

0.35 —

0.30 -

0.25 -

0.20 -

0.15 -

T e S B B S S

start time:: 17 Ju:ne 18:52:41 rrrrrrrrrrr
end time: 19 June 15:55:41

0.00 ————————————

800 1200 1600
Time (minutes)

2000 2400

Close by magnet !

Problem was Fixed by monitoring magnetic file by fluxgate (on outer layer of magnetic shields)

connected to PID controller and coil surrounding magnetic shields

D
v

PI1D

\ 4

Power
Supply




“Nice” surprise at NIST

By using PID we could suppress magnetic flux by a factor of ~1000

10cm from Lp-stream
'4':' T T T T

Ay 1.8

Flux measured
5 inside of 2
magnetic shields

B: {uGauss)

_4|:| 1 1 | | | 1
0

1 2 3 4 5 5
w10
I:IDE T T T T T T
= nossh _ Flux measured
= outside of 2
= magnetic shields
i DO5F -
|:||:|45 | 1 1 | 1 1
0 1 2 3 4 5 B
Time: (5] 4



ﬂ Cross section of Spin Rotation Apparatus

gﬁgg::g W—— FEEDTHROUGHS
SHIELDING CRYOSTAT A ——
/ MANIFOLD

"l /
s’

////////W/////////////////////////é

Polarizel T e 1] A Analyzer gﬂﬁfg
= ===n1
chwmlll 7 llm PETECTOR
/1'

GUIDE TUBE



Polarizing Super Mirror

Polarized *  spin-dependent scattering from
beam 3.1x 108 magnetized mirrors

n/sec/cm? : :
« Alternating layers of magnetic surface

14 mrad

(cobalt) and absorptive layer (titanium

and gadolinium); Tmm separation;
Placed in 300 G permanent box.

+  Typical polarization: 98%;
transmission:

1.2 x 10°

Capture flux 350
300
250
200
100 150

100

50 50

0 50 100 150 200 250
East -> (1 pixel = 0.2mm)



How we transport polarized neutrons —
Input guide & spin transport

W

To maintain neutron polarization = B filed pointed in the direction
of neutron polarization is needed (spin transport)

Adiabatic region Adiabatic region
A w, >dB/dz nonadiabatic nonadiabatic —‘
w <dB/dz B(z) #onT |
B(z) # OnT
1‘ | A4 - /
03T 6x104T B(z) ~OnT 6X104 T 03T
[ I /

SMP Input guide & Input coil output guide & output coil ASM



How we transport polarized neutrons —
output coll

B ~free region;

. . output coil
weak interaction: .,

R

Output Coil — nonadiabatic spin
flipper and 90° adiabatic spin
rotator.

This component
shows size of
rotation

‘ By of
SMA

Current sheet — nonadiabatical transmission ¥

INT Seattle, WA, June 8, 2007 p 0/35



Segmented 3He ionization chamber

signal plates full voltage plates

HV plate
window

W

half voltage rings

« 3He and Ar gas mixture

« Neutrons detected through n+3He - 3H+'H charge collection plates are divided into 4
« High voltage and grounded charge-collecting | quadrants (3" diam) separated L/R and U/D
plates produce a current proportional to the beam

neutron flux

* 4 Detection Regions along beam axis -
velocity separation (1/v absorption)

S.D.Penn et al [NIM A457 332-37 (2001)]
INT Seattle, WA, June 8, 2007 p 0/35



Systematic Effects in PV Spin Rotation

Associated with residual longitudinal B (B< 10 nT))

effect estimate of size
— He diamagnetism (B e 7 Byac) ~10® rad/m
(size of diamagnetism in 4He ~ 10 -9)
— He optical potential V' e # Viae) ~108 rad/m
(*He slows down the neutron — neutron velocity change 1 09)
— small angle scattering in He .[ B, 7, £ I B, 7, ~10-8 rad/m
(different solid angle of 2 targets) Vi v

LHe <> superfluid LHe: decrease small angle scattering by ~(x5)

PV spin rotation independent of neutron energy, B rotation depends on neutron energy.
At NIST we will amplify effects by increasing B in separate measurements. However, no
time-of-flight... (future SNS!)

previous version (1996): upper bound on systematic effects < 2x10-7 rad/m
our goal: systematic effects < 1x10-"rad/m
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Before real measurement we need to understand beam
and apparatus behavior — systematic check of beam and
apparatus behavior

MAGNETIC
SHIELDS

Be & Bi

FILTERS RF SPIN |ONISATION
OUSE
l l FLITI/PER ?‘ CHAMBER

7] | _/

v |
= s = [
 poy e —— —— TARGET
N \ | — \ T BEAM STOP
\ / OUTPUT COIL
SPIN INPUT COIL
TRANSPORT
X X X X X

Beam intensity distribution as I(A) / chopper — TOF, ionisation chamber
Beam intensity distribution as I(x,y) / image plate

Polarization product (PA) as a f(A) /PSM, ASM, chopper — TOF

Neutron capture flux (fluence rate) /calibrated fission chamber

INT Seattle, WA, June 8, 2007



Beam spatial distribution

1000

| ‘
4 o
1

g =
East (box): 32.5 West (box): 35.6

1100

1000

Vertical (1 pxl = 0.2 mm)
w
o
(=]

BOO
900

700

East (box): 13.5 west (box): 15.5 8OO

300 400 500 600 700
Horizontal (1 pxl= 0.2 mm)

400 500 GO0 700 80O

3.1 x 108 n/sec/cm?

50%
transmission

no target

5 x 107 n/sec/cm?

For air in the target inlet

\
\ I—E TARGET | V00—

e L\
e = =

1.2 x 10° n/sec/cm?
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Polarization Product PA

_|_| EEISSE\FI{ _&.

O —— ]

P = T:"i B PA=(U-F)/(sU+F)
U- Unflip
F- flip

s — spin-flip efficiency
(s=0.95 + 0.05)

30x10"
E
>
)
et
kS
5}
O
E
=)
Z
) 4 6 8 10 12 5 4 6 8 10 12
Wavelength (A) Wavelength (A)
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Input
coll

For 5mm slit in the
CENTRAL position

PA does not change with angle

PA as a function of angle

3
160x10"H [ siit on CENTER] y ® Unfiip
| ® Flip
2 ® °
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@)
o ]
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E 40+ .
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® [ ]
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| Slit on CENTER]
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Rotation angle of SMA 6 , (mrad)
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What we learned from beam characteristic measurements

1. Polarization product

- Does not change with angle - no problem with divergent neutrons.

2. Fluence rate:

This is sufficient to reach sensitivity goal 3 x 107 rad/m
3. Noise:

a) Electronic noise < Signal/50

b) In individual half on neutron beam is consistent with past beam intensity
noise measurement at NG-6

c) Removing common-mode intensity noise by taking L/R ratio in rates
reduce noise in angle/asymmetry by about factor of 5

No extra noise above that from neutron beam:
NIST beam intensity noise is ~1.3-3/sqrt(Hz)

From our analysis, noise is ~1.2-3/sqrt(Hz)

INT Seattle, WA, June 8, 2007



Room Temperature Target

Looking inside the magnetic
shields — towards the input caill,

What is the sound of just one piston clacking?

Moving targets, Pi coil, Collimators

IT Seattle,, June 8, 2007



The Setup

The whole system on the beam !
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Measurement Time Line

Data Points Shown in Red

SRR ERY SRR

End coll
P| CO” Target
change
Target
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Summary

1. We will perform challenging search for neutron spin rotation in LHe at NIST this
year

2. Experimental apparatus was updated since 1996 measurement
(@y(n,0) = (8.0 £14 (stat) £ 2.2 (syst) )x 107 rad/m)

* New target, additional CRYOPERM magnetic shield, monitoring magnetic field
outside and in the target region, active trim coils, all nonmagnetic materials,
use of superfluid LHe.

 NIST: increase the detected beam flux by a factor of 1.5, monitoring magnetic
field outside of our apparatus.

 Beam characteristic measurements completed at NG-6 NCNR

4. Successful measurement (sensitivity goal @.,,=3x10" rad/m of data taking) will
broaden our knowledge about NN weak interaction

5. Letter of intent approved to perform PV neutron spin rotation in LHe at SNS
(sensitivity goal @, =1x10" rad/m)
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