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Why time-reversal asymmetry?
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• Flip  momentum and spin for all 
particles

• Exchange initial and final states 

Test time-reversal symmetry with p d scattering
What is time reversal?
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• Flip  momentum and spin for all 
particles

• Exchange initial and final states 

• Equivalent to spin flip 
     (at forward scattering/𝜃 = 0°) 

• Optical theorem

4𝜋

𝑘
𝐼𝑚 𝐹𝑒𝑙 0° = 𝜎𝑡𝑜𝑡𝑎𝑙

𝜎𝑡𝑜𝑡𝑎𝑙
↑ = ത𝜎𝑡𝑜𝑡𝑎𝑙 1 + 𝑃𝑌 ∙ 𝑃𝑋𝑍 ∙ A𝑌,𝑋𝑍

𝜎𝑡𝑜𝑡𝑎𝑙
↓ = ത𝜎𝑡𝑜𝑡𝑎𝑙 1 − 𝑃𝑌 ∙ 𝑃𝑋𝑍 ∙ A𝑌,𝑋𝑍

Test time-reversal symmetry with p d scattering
What is time reversal?

Parity conserving (unlike EDM)
Time-reversal violating



What do we need
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𝝈𝒕𝒐𝒕𝒂𝒍
↑↓ = ഥ𝝈𝒕𝒐𝒕𝒂𝒍 𝟏 ± 𝑷𝒀 ∙ 𝑷𝑿𝒁 ∙ 𝑨𝒀,𝑿𝒁

+−

• polarized proton  -> 𝑷𝒀 

• polarized deuteron -> 𝑷𝑿𝒁 

• beam current monitor -> 𝝈𝒕𝒐𝒕𝒂𝒍
↑↓

plot adopted from PAX and TRIC publications
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Siberian snakes

Mott polarimeter

Compton polarimeter
Luminosity monitor
by Jinlong Zhang (SDU)

Spin rotators
EicC

Low energy polarimeter

HIAF-EicC

AR

High energy polarimeters

Pol. Ion 
source

Pol. 𝐞− 
source

pRing (20 GeV/c)

eRing (3.5 GeV)

BRing-N
BRing-S
(26 GeV/c)

Electron ion collider in China (EicC)
• currently being proposed
• initial driving force of polarized beam development 

at IMP

Other talks at this conference

• HIAF overview   (Lijun Mao,  Monday ) 

• Pol. Beam at HIAF  (Liangting Sun, Monday)

• Final-state polarization  (Yutie Liang, Wednesday)

https://indico.ihep.ac.cn/event/28922/contributions/225791/
https://indico.ihep.ac.cn/event/28922/contributions/225791/
https://indico.ihep.ac.cn/event/28922/contributions/225792/
https://indico.ihep.ac.cn/event/28922/contributions/225792/
https://indico.ihep.ac.cn/event/28922/contributions/225830/
https://indico.ihep.ac.cn/event/28922/contributions/225830/
https://indico.ihep.ac.cn/event/28922/contributions/225830/
https://indico.ihep.ac.cn/event/28922/contributions/225830/
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Siberian snakes

Mott polarimeter

Compton polarimeter
Luminosity monitor
by Jinlong Zhang (SDU)
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source

Pol. 𝐞− 
source

pRing (20 GeV/c)

eRing (3.5 GeV)

BRing-N
BRing-S
(26 GeV/c)

➢ Spin Physics at HIAF

Electron ion collider in China (EicC)
• currently being proposed
• initial driving force of polarized beam development 

at IMP

https://indico.itp.ac.cn/e/PBT2026
https://indico.itp.ac.cn/event/380/contributions/2294/
https://indico.itp.ac.cn/event/380/contributions/2294/


• A team for polarized ion source, polarized beam acceleration and polarized target
• International collaborations

• International collaboration 
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Efforts towards polarized beams/targets at HIAF 
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Efforts towards polarized beams/targets at HIAF 

ABS Ionizer

LSP

A polarized H+/D+ source already built at IMP

• Intensity: > 1 mA

• Polarization: > 80%

• Repetition frequency: 2-5 Hz

• Pulse width: > 100 us

see talk by Liangting Sun (Monday, morning)

Polarized beam acceleration at HIAF investigated by Minxiang Li et al.
• constant field solenoid Siberian snake:  NIMA 1031, 166405 (2022)
• tensor-polarized deuteron beam:           Phys. Rev. Accel. Beams 28, 094002

https://indico.ihep.ac.cn/event/28922/contributions/225792/
https://indico.ihep.ac.cn/event/28922/contributions/225792/
https://www.sciencedirect.com/science/article/pii/S016890022200064X
https://journals.aps.org/prab/abstract/10.1103/99jh-vtd1
https://journals.aps.org/prab/abstract/10.1103/99jh-vtd1
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Polarized H/D gas target 

PIT principle 
• Dissociator: H2 → H

• Sextuple mag: spin filter

• RF transition unit: spin flip

• Produce both H and D jet 



Polarized H/D gas target 
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PIT at IMP
✓ Design ready 

✓ Funded by CAS ☺

 Construction in progress …
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T symmetry test: status and challenges
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Proposed since early 1990s
H. E. Conzett. Null tests of time-reversal invariance. Phys. Rev. C 48, 423 (1993)

https://tric-experiment.hiskp.uni-bonn.de/

https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric

P. Lenisa et al. EPJ Tech. Instr. (2019) 6

✓ Signal asymmetry (𝑨𝒚,𝒙𝒛)

◼ Instrumental background asymmetry: nonperfect beam/target parameters 
(Δ𝐸, Δ𝑋, Δ𝑋′, Δ𝐼 …)

◼ Physical background asymmetry: residual vector polarization of deuteron
     (𝑃𝑦 → 𝐴𝑦,𝑦)

Challenges

https://doi.org/10.1103/PhysRevC.48.423
https://doi.org/10.1103/PhysRevC.48.423
https://doi.org/10.1103/PhysRevC.48.423
https://tric-experiment.hiskp.uni-bonn.de/
https://tric-experiment.hiskp.uni-bonn.de/
https://tric-experiment.hiskp.uni-bonn.de/
https://tric-experiment.hiskp.uni-bonn.de/
https://tric-experiment.hiskp.uni-bonn.de/
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
https://doi.org/10.1140/epjti/s40485-019-0051-y


New idea: spin modulation
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➢ Conceived in the JEDI collaboration

➢ Beam polarization rotates with an RF solenoid

➢ Experimental asymmetry oscillates

➢ False asymmetry easily separated via Fourier analysis 

New approach to search for parity-even and parity-odd 
time-reversal violation beyond the Standard Model in a 
storage ring
N.N. Nikolaev, F. Rathmann , A.J. Silenko, Yu.N. Uzikov Phys. Lett. B 811, 135983 (2020)

Main idea

https://doi.org/10.1016/j.physletb.2020.135983
https://doi.org/10.1016/j.physletb.2020.135983
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New approach to search for parity-even and parity-odd 
time-reversal violation beyond the Standard Model in a 
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N.N. Nikolaev, F. Rathmann , A.J. Silenko, Yu.N. Uzikov

Main idea

Spin-rotating polarized target? 

Phys. Lett. B 811, 135983 (2020)

https://doi.org/10.1016/j.physletb.2020.135983
https://doi.org/10.1016/j.physletb.2020.135983
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Spin-rotating polarized target

➢ Atoms polarized in pol. H/D gas target

➢ Electron spin aligned with the holding field at interaction point

➢ Proton/deuteron spin attached to electron spin (HF not too strong)

➢ Up to now, only static holding fields are used: transverse, longitudinal or superposed

➢  How to make a rotating field?
⚫ Triple coils driven by 3-phase rf current (proposed at SPIN2025)

⚫ Static dipole B superposed by perpendicular RF B 
• proposed for NICA
• private communication with N.N. Nikolaev
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Spin-rotating polarized target

➢ Atoms polarized in pol. H/D gas target

➢ Electron spin aligned with the holding field at interaction point

➢ Proton/deuteron spin attached to electron spin (HF not too strong)

➢ Up to now, only static holding fields are used: transverse, longitudinal or superposed

➢  How to make a rotating field?
⚫ Triple coils driven by 3-phase rf current (proposed at SPIN2025)

⚫ Static dipole B superposed by perpendicular RF B 
• proposed for NICA
• private communication with N.N. Nikolaev

To my great delight, just days after being inspired by their fantastic paper, I was introduced to Prof. Nikolaev, who 
had been trying to contact the HIAF-SPIN team, when we surprisingly found out that we had similar ideas!!!
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Spin-rotating polarized target

➢ Atoms polarized in pol. H/D gas target

➢ Electron spin aligned with the holding field at interaction point

➢ Proton/deuteron spin attached to electron spin (HF not too strong)

➢ Up to now, only static holding fields are used: transverse, longitudinal or superposed

➢  How to make a rotating field?
• B. Gou at al., Spin physics at HIAF, in: Proc. of 26th International Symposium on Spin Physics — 

PoS(SPIN2025), Tsingtao, China, 2025.

• B. Gou, V. P. Ladygin, N. N.  Nikolaev, F. Rathmann, A. J. Silenko, Yu. N. Uzikov, Fresh Look at Polarized 
Deuterons at the Nuclotron/NICA & HIAF and Beyond, Natural Sci. Rev. 3200802 (2026)
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Rotating magnetic field

A

B

C

Rotating angular speed: 𝝎 = 𝟐𝝅𝒇
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Spin-rotating polarized target
pol. H/D atomic beam

accelerator beam

Triple coil (ABC) carrying 3-phase AC

Rotating dipole 𝐁 & spin

 

Oscillating physical asymmetry

Background symmetry separated by FT

Discovery potential 

 Time reversal violation ( റ𝑝 റ𝑑)
 Parity violation (p റ𝑝)
 …



Summary
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➢ Time-reversal symmetry test in Ԧ𝑝 Ԧ𝑑 scattering

➢ Polarized beam/target at HIAF
• Polarized ion source (built)
• Polarized beam acceleration (investigated)
• Polarized target (funded)

➢ Spin-rotating polarized target (great discovery potential)

➢ Spin physics at HIAF – great physics & a necessary step toward EicC
• Instrument (Siberian Snakes …)
• Expertise and team Thank you!

https://indico.itp.ac.cn/event/380/contributions/2294/
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    𝜃 = 0 °


    4 𝜋 k I m    F  e l  (  0 ° ) =  𝜎  t o t a l


   𝜎  t o t a l ↑ =    𝜎 -  t o t a l  ( 1 +  P Y ∙  P  X Z ∙  A  Y , X Z )
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  Δ E ,   Δ X , Δ  X ′ , Δ I …


     P y → A  y , y


   B ⃑


   B ⃑


   B ⃑


   B ⃑


  𝝎 = 𝟐 𝝅 𝒇


   𝐁 ⃑


   p ⃑  d ⃑


  p  p ⃑


   p →  d →

