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» Time-reversal test in ﬁcf scattering
» Efforts towards polarized beams/targets for HIAF

» Spin-rotating polarized target

(innovative technique for high-precision exp.)
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Why time-reversal symmetry?

Observation
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Why time-reversal symmetry?

Scattering Decay g
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Test time-reversal symmetry with p d scattering

what s time reversal?

* Flip momentum and spin for all
particles

* Exchange initial and final states



Test time-reversal symmetry with p d scattering

what s time reversal?

Parity conserving (unlike EDM)

, o * Flip momentum and spin for all
Time-reversal violating

particles

* Exchange initial and final states

* Equivalent to spin flip
w  (at forward scattering/6 = 0)

* Optical theorem

4?7-[17’” Fel(Oo) — Utotal

T =
Ototal = Utotal(l + Py - Pxy - AY,XZ)

i =
Ototal = Jtotal(1 — Py - Pyy - AY,XZ)

(d)




What do we need

Beam
Polarimeter current
sensor

N =
Ototal = Utotal(l t Py Pyz 'AY,XZ)

- * polarized proton -> Py

. * polarized deuteron -> Py,

e beam current monitor -> Glital

Polarized Polarized '
target beam -



» Efforts towards polarized beams/targets for HIAF

(innovative technique for high-precision exp.)



HIAF-EicC

High energy polarimeters =

pRing (20 GeV/c)
eRing (3.5 GeV)
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Mott polarimeter

Electron ion collider in China (EicC)

e currently being proposed

* initial driving force of polarized beam development
at IMP
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HIAF-EicC

High energy polarimeters
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Mott polarimeter

Siberian snakes
Electron ion collider in China (EicC)

e currently being proposed
* initial driving force of polarized beam development
at IMP

a— rl =

— = Pol. lon
. i}-._.‘:."- —----- -— ——— ™M
N & i source

mEmmmEsmmmEmEmEmEmEmEmEmEETETEEN

Low energy polarimeter 11


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/

Efforts towards polarized beams/targets at HIAF

* Ateam for polarized ion source, polarized beam acceleration and polarized target
* International collaborations
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engineering pol. H/D source
vacuum

polarimeter pol. ion source

beam diagnostic
pol. H/D target pol. H/D target

polarimeter pol. beam acc. lonizer control system
pol. H/D target spin manipulation ~ -@mP-Shift pol. atomic beam
polarimeter
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Efforts towards polarized beams/targets at HIAF

* Ateam for polarized ion source, polarized beam acceleration and polarized target
* International collaborations
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pol. H/D target spin manipulation ~ -@mP-Shift pol. atomic beam
polarimeter
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Efforts towards polarized beams/targets at HIAF

* 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.
e constant field solenoid Siberian snake: NIMA 1031, 166405 (2022)
* tensor-polarized deuteron beam: Phys. Rev. Accel. Beams 28, 094002

A polarized H*/D* source already built at IMP
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Polarized H/D gas target
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Polarized H/D gas target
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» Spin-rotating polarized target

(innovative technique for high-precision exp.)
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T symmetry test: status and challenges

Proposed since early 1990s

- 43;:-
/W\ng\/\ H. E. Conzett. Null tests of time-reversal invariance. Phys. Rev. C 48, 423 (1993)

Fintui ‘f___)ﬁ (b) https://tric-experiment.hiskp.uni-bonn.de/
4
} - https://www.fz-juelich.de/en/ikp/ikp-2/research/previous-list/tric
IO _—» P. Lenisa et al. EPJ Tech. Instr. (2019) 6
p(— - —(T d @

Challenges

v’ Signal asymmetry (4, ;)

B |nstrumental background asymmetry: nonperfect beam/target parameters
(AE,AX,AX', Al ...

B Physical background asymmetry: residual vector polarization of deuteron

(Py e Ay,y) 18
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New idea: spin modulation

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
> Conceived in the JEDI collaboration

» Beam polarization rotates with an RF solenoid

» Experimental asymmetry oscillates

» False asymmetry easily separated via Fourier analysis time

/ frequency

19
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New idea: spin modulation

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
> Conceived in the JEDI collaboration

» Beam polarization rotates with an RF solenoid

» Experimental asymmetry oscillates

/ frequency

™~

» False asymmetry easily separated via Fourier analysis time

‘ Spin-rotating polarized target? .
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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
e proposed for NICA
e private communication with N.N. Nikolaev
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Spin-rotating polarized target

Fundamental Symmetries in

» Atoms polarized in pol. H/D gas target Storage Ring Experiments

» Electron spin aligned with the holding field at interaction poi NN otaey

L. D. Landau Institute for
Theoretical Physics

Russian Academy of Sciences

» Proton/deuteron spin attached to electron spin (HF not too s

[ Abstract _\N\§

Principal aim of this talk is to draw attention of Chinese high energy community to exciting physics Beyond Stan-

dard Model (BSM) offered by spin experiments in storage rings (SR). SR based searches for the electric dipole

. . . moment of charged particles have a potential of uncovering an crigin of the BSM CP-violation badly needed to ex-

> U to n OW O n I Stat I C h O I d I n fl e | d S a re u Se d . t ra n Sve rse IO n B T ilh oo sl on cicic s ELUEDY GGOSY, drdl o
p ’ y g [] ’ ing activity of CPEDM@CERN, stEDM@BNL and SPRINT@NICA (JINR) collaborations in this direction. My
‘major focus will be on the spin in SRs as a breadband antenna of axions and axionlike particles. A beauty of SRs

is a relativistic enhancement by a factar 1000 of a pseudomagnetic field induced by the axion halo of our Galaxy.

| cemment on new ideas on search for the SM parity viclation based on the JEDI experience with precessing hor-

izontal polarization. Next | move to a so far little explored BSM C-odd and T-odd millistrong interaction postulated

in 1965 by Okun, Lee, Wolfenstein, Prentky and Veltman as a source of CP violation. Here precessing polarization

would allow systematics-free extraction of the T-violation in pd scattering, As a cherry on cake, | will camment on

a unique discovery potential of precessing polarization targets and share my excitement that a remarkably close

> H ow to ma ke arot ati n g f i e I d ? e R T A T e
| Biography \\\§

‘ H M H Nikolai Nikolaevich Nikolaev, born 20.05.1947, Mari El Republic, Russia. Moscow Institute of Physics and Technalolgy
r I p e C O I S r I Ve n y - p a S e r C u r re n p rO p O S e a {1964-1970), with honors. PhD student (1970-1973) at MIPT, supervisior Lev Borisovich Ckun. Since 1973 at the
Landau Institute for Theoretical Physics. Other positions: Research fellow at the Theory Division, CERN (1978-1979);
Visiting professor at the University of Torine, Italy (1990-1891} Senior Institut f. ik, Fe 2
entrum Juelich, Germany {1893-2012). Major Research interests: electroweak interactions. formation length in nuclear
interactions, pre-QCD parion model, antishadowing phenomencn, QCD formalism for DIS on nuclear targets; QCD
theory of color transparency and diffractive DIS; spin filtering in storage rings; quantum collective betatron oscillations,
general relativity effects for spins in storage rings, spin dynamics in precision searches for the EDM and axionlike parti-
<les in storage ring experiments. H-index 45, 8600+ citations, sample publications:

¢
® Static dipole B superposed by perpendicular RF B 5 B e T e i
SRR, o e ot tcamen srmenetis, SU R Aok el el i i

e proposed for NICA -
e private communication with N.N. Nikolaev

10.3367/UFNr.2021.09.039074 , 10.3367/UFNe.2021,09.039074

« N. N, Nikclaev etal. (JEDI C i Spin dect and off- behavior of rad driv-
en spin rotations in storage rings, Phys.Rev.Accel.Beams 27 (2024) 11, 111002, DQI; 10.1103/PhysRevAccel-
Beams 27.111002

To my great delight, just days after being inspired by their fantastic paper, | 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!!!




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
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Spin-rotating polarized target

pol. H/D atomic beam Triple coil (ABC) carrying 3-phase AC

!

3 ‘\f::; Rotating dipole B & spin
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Oscillating physical asymmetry
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Discovery potential

O Time reversal violation (ﬁcf)
O Parity violation (pp)
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» Time-reversal symmetry test in ﬁcf scattering

» Polarized beam/target at HIAF
e 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!
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   p →    d →


    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 )


   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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