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Neutron basics (Sns
il |
* Baryons
* Electrical Neutral (<10-%2¢)
2 * Spin="%
* Magnetic moment: -1.913 uy
A * Mass =939.566 MeV
s = 55' « Lifetime ~ 880s
Neutron spin * Electrical dipole moment: < 1.3 x 102
5 e*cm
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Neutron polarization

* Respond to all four forces, and possibly “fifth” force <+ Difficult to handle, can’t accelerate/ guide/ focus
* Simpler compare to nucleus * Destruction to detect
* Polarization is a unique feature * Low flux



- CSNS Polarized Neutron Overview é/vs

[ Polarized neutron have applications in material and nuclear research

123

Regular neutrons

Polarized neutron scattering

E: meV - eV
¢ Study of magnetic materials

¥ .1’ Initial polarization

¢ Separation of incoherent scattering
¢ Neutron Spin manipulation

E: eV - MeV
¢ Nuclear physics

Sample nuclei
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Pr Final polarization

Momentum shift | Energy shift i Polarization Shift
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- Control of neutron Eolarization (sSNns

[0 Control of neutron polarization through B field ]

Larmor precession

* Polarization
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- Current Bolarized instrument caBabilitz é”s

« CSNS established in-house development capability for SEOP *He system

1. In-house 3He cell 2. Off-situ and in-situ 3. Beamline commission and
fabrication and fillin : SEOP 3He spin filter : scientific application




- Current Bolarized instrument caBabilitX (sNs

3He filter parameter

* Cell quality assessment using TOF neutron and NMR method
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o The NOPTREX Measurement (sns

* The NOPTREX experiment aims to investigate parity violation(PV) and time reversal
violation(TRY) in neutron-nucleus interactions.
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By decomposing the interaction terms according to symmetries, PV and TRV can be measured using polarized neutrons.




- The NOPTREX Collaboration

O NOPTREX: A Neutron Optics Time-Reversal Violation Experiment
NOPTREX Collaboration -
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The NOPTREX Collaboration { SNs

a NOPTREX: A Neutron Optics Time-Reversal Violation Experiment

* Mixing of s-wave and p-wave resonances through weak interaction enhances Series measurement of P-
parity-violating amplitudes by factors of 10* to 10% in the vicinity of p-wave odd/T-odd and P-Odd term
resonances

m:"‘ i O Polarize Neutron at resonance
o\ energy (734meV)
O Transfer calibrated and polarized
neutron to gamma detector
O (Expend to other resonance energy)
81Br
i O Measurement of f2 (P-odd/T-even)

term
O Introduce polarized nuclear target
O Integrate of polarized target with
neutron beamline
O Measurement of f3 (P-odd/T-odd)
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- Setting up Bolarized neutron at Back-n “SNS

 Polarized Neutron at CSNS back-n beamline

First Use of a Polarized *He Neutron Spin Filter on the Back-n
White Neutron Source of CSNS

Mofan Zhang (522 1)%3, Zhou Yang (Fi)?, Junpei Zhang (3 )1?*, Chuyi Huang
(B2, Tianhao Wang (T AR)* 124, Yonghao Chen (FR7K )2, Ruirui Fan (%%
)25 W, Michael Snow® and Xin Tong (FK)H24

nstitute of High Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing,
100049, China
2 China Spallation Neutron Source, 1 Zhongziyuan Road, Dalang, Dongguan, Guangdong, 523803, China
3Indiana University, Bloomington, IN {7405, USA
1Guangdong Provincial Key Laboratory of Extreme Conditions, Dongguan, 523803, China
5State Key Laboratory of Particle Detection and Electronics, Beijing, 100049, China
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- Setting up Bolarized neutron at Back-n @Ns

 Polarized Neutron at CSNS back-n beamline

28T ' '
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Wavelength A) .
Good news: polarized neutron acquired

Question: how to use it?

Neutron detector

(Radiation chamber) Flipping and Transfer polarized neutron

. ' Reduce background
Nuclear Instruments and Methods in Physics Research A 1072 (2025) 170184



- Calibration of polarization { SNs

3He filter parameter

* Cell quality assessment using TOF neutron and NMR method
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» Making NOPTREX f, measurement (SNs

The high-energy polarized neutron control system consists of in-situ *He, a high-energy neutron spin
flipper, and a guide field.

Guide field

GIAFY ;"“ e A :.! NS — — — — — - GTAF 7y detector
detector j : _ N Vi

= =— =— — Polarization transmission system

Neutron flight path _ % &8 o — - = g e | Spin flipper
e ' ' ‘ Polarized *He
system



- Polarization Transfer design @NS

O Flipping and Transfer polarized neutron in a controlled manner
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r Magnetic Field Design

_ Flipper Mag g Cshs

* Main Structure and Magnetic Field Distribution of the Spin Flipper

* Precise zero magnetic field control required (0.1mm for 3mm beamsize)

64

g0 Ccm

1. Logitudinal coil

2.Magnetic field cross-section

3. Transverse coil

4.Flipper frame
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g Spin flipper circuit design ( SNs

* A special cycle is used to eliminate magnetic field asymmetry effects and detector
thermal drift errors.

Optimized circuit design changes the spin flipper operating state every 10 pulses (0.4 s).

Flipper On Flipper Off

80 -64 -32 0 32 64 so €M 50 -64 -32 0 32 64 so <m

— 0 feedback signal for the operating status of the flipper

N.R. Roberson, C.D . Bowman. , et al Nuclear Inst. and Methods in Physics Research, A 326(1993) 549-565
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- ExBeriment results { SNs

NOPTREX {1, term measurement

* Clean 1/v dependence background with easy to identify resonating peak
e Stable and repeatable Asymmetry acquired along with

Gamma count spectrum Resonance position (0.75eV) y-absorption peak
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o Experiment results (sSNns

* Calibration of Spin Flipper Transmission and Efficiency at Different Energies Enables
Measurement of Additional Elements

Calibration through 4 Spin flip measurement s
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o Backup: Back-n and GTAF (SNs
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g Backup: Back-n and GTAF (Sns

Back-n White Neutron Source

JRFITHERE & 100 kW
ok 1 43 8 25 Hz )
EP?E% 104 -107 n/cm2 . " Collimator
Neutron beam window !
P (26 m from the target) ]

ES #1 FF K47 54m \
EE% Shutte i —
ES #2217 KATHE - - e ranarilies

75m T
= ' B

Preparation room il

" \BaF4 / HPGe
detector

CsDs Detector
Fission chamber

Collimator 2

‘Prompt fission neutron
cross section detector



Backup: Back-n and GTAF
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g _Backup: Back-n and GTAF (SNns
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g Backup: Back-n and GTAF (sns
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Other Choice: RF flippin

* Pushing the boundary for RF-flipper to eV neutron

B(G)

One-dimensional gradient
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Simulation results of flipping
efficiency at different wavelengths

2 meter long with 200W of RF
magnetic field

Too much interference

Not enough space



