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Minxiang LiaP¢, Jiancheng Yang?*, Lijun Mao?, He Zhao?, Jie Liu2, Mingxuan Chang?,Lei Wang?

A nstitute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
b anzhou University, Lanzhou 730000, China;
‘University of Chinese Academy of Sciences, Beijing 100049, China;

“yangjch@impcas.ac.cn

HIA

a2

EicC o HIAF and HIAF-U

S = g R  Study of polarized beam accelera-
Cmg ;::goj:mD tion at the High Intensity heavy ion
E— Accelerator Facility (HIAF) and the
swearsom ] (e Electron-lon Collider in China (EicC).
" Linac A a-=-) * Design of a constant field solenoid
i’a BRing-S ~ 574.54 m Siberian snake for rapid cycling

S § Lo SPIS acceleration.

\

/

Accelerator complex

elLinac

( Full snake

The Electron-lon Collider in China 2€si9ns High luminosity mode
] d b he | ] f Particle e P
(E|CC)1 Propose y the Institute o Circumference(m) 1151.20 1149.07
Modern Physics, Chinese Academy Kinetic energy (GeV) 3.5 19.08
of Sciences, aims to study nucleon  Momentum (GeV) 3.5 20
structure in the sea quark energy 'otalenergy (Gev) 32 20.02
] ) f CM energy (GeV) 16.76
region using 15-20 GeV center-of- fo(MHZ) 0
mass energy with 80% electron pojarization 80% 20%
and 70% proton polarization. Bp(T'm) 11.7 67.2
i I 11
Proton beams are accelerated B“/”C*E'”te”:l'ty(x)lo ) 5(1)}15 1;520
. £x/€y (nm-rad, rms
fro.m 200 MeV to 2 GeV in tf}e 82/, (cm) L0/a 511 9
BRing-N and then to 19.08 GeV in RMS divergence (mrad) 1.4/2.0
the BRing-S. To maintain high 10XRMS size @ BpF2 (cm) 15.5/7.7
beam polarization, a constant- Bunchlength(cm,rms) L7 £
. . . . BB parameter &, 0.102/0.118 0.0144/0.01
field solenoid Siberian snake and P x/%y
. Laslett tune shift - 0.066/0.105
a helical snake are employed. A =
Luminosity (cm-2-s) 4.25X 103 (H=0.52)
19.08 GeV
67 intrinsic res. This constant-field snake
pRing eRing 34 imperfect res. has been simulation-verifi-
> GeV ed and demonstrates high
0 Polarimeter 8 intrinsic res. hardware feasibility, acco-
® Spin navigator 200 MeV . -
— Sherian ool e rarpplng at 12 T/s in the
iLinac  SPIS BRing-N.

/

Depolarization Resonances at BRing-N

imperfection depolarization

spin-tracking program

The BRing-N accelerator faces significant polarization loss due to intrinsic and
resonances
hecessitating a polarization-maintaining device like the Siberian snake.

during proton beam acceleration,
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Optimal setting for maintaining polarization
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* Three strong intrinsic depolarization resonances °
found by multi-particle spin-tracking simulation
and theoretical calculation, causing severe pola-
rization loss (up to 70%) without snakes.
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Imperfection depolarization
resonances are minimized by
controlling the closed orbit

Constant Field Solenoid Siberian Snake

70% beam polarization.
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The Final Polarization

Injected spin direction
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* Unlike constant strength snakes

(requiring rapid magnetic field

ramping up to 29 T/s), a constant
field snake maintains a static
magnetic field, simplifying hard-

k ware requirements.

The constant field solenoid Siberian snake is proposed as a practical solution to
suppress polarization loss. Simulations show that a 20% strength snake with vertical
tune 9.98 controls polarization loss below 10%, matching the EicC’s requirement for

* By installing a solenoid with an integral field of 0.942 Tm in the electron cooling
section, the spin tune gap is adjusted to avoid intrinsic resonances.

The Final Polarization
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This scheme also accounts for snake

resonances, quadrupole tilts, and the

nonlinear effects of high-order field

errors. Polarization loss occurs due to

second-order Siberian snake resonance

Vspin = 0.04, as shown in the red boy

Polarization maintenance at BRing-S

strength and fewer helical snakes.

Final polarization for different snake setting
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Solenoid Siberian snakes with constant fields can avoid depolarization resonances
in limited energy ranges, but are confined to low-energy operations. Due to wide
energy range and high magnetic rigidity at BRing-S, helical snakes will be adopted.
Beam emittance comparison by electron cooling (8.47/4.24 ym - 2.22/1.11 um)
reduces depolarization resonance effects significantly, allowing lower snake field

A 20% field strength helical snake can limit polarization loss below 10% with
optimized injection spin direction. While its design is progressing, further
\ optimization of spin matching throughout beam transport is required.

Final polarization for different injected spin direction
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snake design.

vector and tensor-polarized).

* Polarization maintenance scheme for high-energy proton beams and the helical

* Acceleration of polarized helium-3 beams and polarized deuteron beams (both

* Spin direction control based on spin-transparent ring concepts.




