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HIAF: High Intensity heavy-ion Accelerator Facility

Budget ~3 billion CNY (including civil construction), start from Dec. 2018,
Installation finished in Sept. 2025, located in Huizhou.

December 2018 September 2025

First beam on Oct. 28t 2025 !
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HIAF layout

(@) Low energy nuclear structure
terminal

@) High energy experimental
terminal

(3) High energy fragment separator

. HFRS
Spectrometer ring i . . .
Circumference: 273m (4) High precision spectrometer ring

# Fast cycle ring

Rigidity: 13-15Tm SRIN
Circumference: 570 m : : g
Rigidity: 34 Tm Electron/Stochastic cooling  (5) Electron ion recombination
Two TOF detectors .
Large acceptance (250/120) & Four operation modes terminal
Two planes painting Injection (® Radioactive ion beam physics
Fast ramping rate (3-10Hz) o .
iLinac: SECR: terminal
Superconducting linac sy ercc;nductin
Length:100 m ECpR source J

Energy: 17-22 MeV/u(U3+45%)
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HIAF beam parameters

Ion species | Kinetic Energy (GeV/u) | Beam intensity (ppp)

p 9.3 6.0 x 101°
108t 4.25 6.0 x 10"
186+ 2.6 6.0 x 10"
78K 19+ 1.7 3.0 x 10!
2POB 0.85 1.2 x 10"
2381)35+ 0.835 1.0 x 10!!
238778+ 76 1.0 x 1010




HIAF d Phase 0-ongoing: HIAF for nuclear physics
upgra = Phase 1: HIAF upgrade for applied science

(T T ~, Phase 2: EicC
' EicC ! :
i == YU EicC beam parameters
I W
i \ N Parameter electron proton
i Collider ring \} Circumference (m) 1151.20 1149.81
1 ~
i 1149.07m Kinetic energy (GeV) 3.5 19.08
1
i fcoIIision (M HZ) 100
| g oo | NG
E 2.8 GeV ~5GeV Bunch intensity (x10) 1.7 1.05
1 i)
I . &, &, (NM-rad, rms) 50/15 _
I eLinac === oS ‘ ’ o
N e e - p o, Bx/By (cm) 10/4 5/1.2
l RMS divergence (mrad) - _
Bunch length (cm, rms) 0.75 8

BRing_N ~569.10 m

HF¥JiE eRing " W BRing S~57454m Average current (A) 2.7 1.68

~1151.20 m Proton energy up to 24.85 GeV Crossing angle (mrad) 50
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Physics of EicC:
Origin of nucleon spin and mass

Higgs
mechanism

Gell-Mann
quark model

Spin decomposition: Mass decomposition:

Stor =5 = ;0E+AG + Ly + £,

M — Mq ‘I‘Mm‘|_Mg‘|_Ma
KJ R\

[ Quark energy ] [Quark mass] [ Gluon energy ] [ Trace anomaly ]
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[ Quark spin ] [ Gluon Spin ] [ Quark OAM ] [ Gluon OAM ]

we need to determine each of the above contributions @
R .




EicC milestones after the idea been proposed in 2012

EicC Chinese WP (2020) Physics (2020) EicC English WP(2021) EicC CDR(2024)

ISSN 2095-0462

Frontiers of umime: EicC

December EER]

% ‘Q P hys i c s Conceptual Design Report

$49% E8H 2020

Volume |: Accelerator

' NUCLEAR TECHNIQUES

Vol.43 No.2 2020.2

EicC

Conceptual Design Report

o EBIXIFCHF
o 3 Hlid &

o BPVESEREERSS Volume II - Physics & Detector
on Collider in China
(EiccC)

@ Springer

Efforts of around 45 institutes and more than 200 physicists @




Lepton-Nucleon Scatterings

QED tool to study QCD nature of the nucleon

® QED probe is clean

® a.,, ~1/137 with broad Q coverage

QZ
L =5 L
p-q ® One-photon exchange approximation:
— Pq ~1% accuracy
. — p-l
. ® Detection scale is determined by Q:
CU%{N s = 4EcFEp 200MeV ~ nucleon size
[2] N W = (q + p)>
Observe scattered electron/muon 1] - inclusive
Observe current jet/hadron [1]+[2] - semi-inclusive
Observe remnant jet/hadron as well 1]+[2]+[3] - exclusive @




Inclusive process
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Inclusive process

1.2

MSHT20NNLO

zf(x, 1? = 10 GeV?)
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Unpolarized PDFs

0.4 I IIIIIII| I IIIIIII| I IIIIIII-
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107 1072 107" 1
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Polarized PDFs: helicity distribution
Quark/gluon spin contribution to proton spin @




Semi-inclusive process

€ it
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From 1D to 3D for nucleon structure study

Need polarized target and polarized electron beam




Unified view of nucleon structure

W u(x,kp,r ) Wigner distributions (X. Ji) 6D DlSt

y

-

Use it as an example to

ar \deTdrz

TMD PDFs

GPDs/IPDs

U(X k), ..
U(X kT) dx &
| Fourier
, 2 Transformation
ders
demonstrate the impact of EicC
F

PDFs
f;4(x), AT,(x), ”(X)

3D 1Imaging

orm Factors
Ge(Q?),
Gy(Q%)




Leading-Twist TMDs

Quark polarization

Unpolarized Longitudinally Polarized
) (L)

S\ ™
Boer-Mulders

Transversely Polarized (T)
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Pretzelosity |

O» Nucleon Spin @ Quark Spin O Survive the ky integration, yield 1D pdfs @




Separation of Collins, Sivers and Pretzelosity
through azimuthal angular dependence

1 N T —N ¥ ; \\\_\
AJT (¢h ’ (DS) - P N T n N J ] HLT 5} ¢’s\ \\\\
= Aj:?”ins Sin(¢h + ¢s) + Ajgers Sin(¢h — ¢s)

+AJ Pretzelosity S n(3¢h ¢s )

UT: Unpolarized beam + Transversely polarized target

ColllnS <Slﬂ(¢h n ¢s)> o h &® HlL >TMD: Transversity
e oc (sin(g, — ), o fir ® Dy >TMD: Sivers

Pretzelosity

! o< (sin(3¢, — )., o hy ® Hi >TMD: Pretzelosity




World data
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Recent knowledge of TMDs via global data fit

- by Transverse Nucleon Tomography Collaboration

Sivers distribution functions:

Chunhua Zeng, Tianbo Liu, Peng Sun, Yuxiang Zhao, Phys. Rev. D 106 (2022) 094039.
Transversity distribution functions and Collins fragmentation functions:

Chunhua Zeng, Hongxin Dong, Tianbo Liu, Peng Sun, Yuxiang Zhao, Phys. Rev. D 109 (2024) 056002.
Trans-helicity worm-gear distribution functions:

Ke Yang, Tianbo Liu, Peng Sun, Yuxiang Zhao, Bo-Qiang Ma, Phys. Rev. D 110 (2024) 034036.
Transverse momentum dependent helicity distribution functions:

Ke Yang, Tianbo Liu, Peng Sun, Yuxiang Zhao, Bo-Qiang Ma, Phys. Rev. Lett. 134 (2025) 121902.
Sivers, transversity, and Collins functions including DY and new COMPASS data:

Chunhua Zeng, Hongxin Dong, Tianbo Liu, Peng Sun, Yuxiang Zhao, Phys. Lett. B (2025).

Helicity distributions and azimuthal modulations in longitudinal DSA:

Ke Yang, Tianbo Liu, Peng Sun, Yuxiang Zhao, Bo-Qiang Ma, in preparation.




Transverse Nucleon Tomography Collaboration

Tianbo Liu Bo-Qiang Ma
SDU PKU/ZZU

Yuxiang Zhao
IMP
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EicC impact on Sivers functions

Fit world data
B EicC (stat.)
EicC (stat.+syst.)
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C. Zeng, T. B. Liu, P. Sun, and Y. X. Zhao, Phys. Rev. D 106, 094039 (2022)




EicC impact on Transversity
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EicC can significantly improve the precision of transversity distributions,

especially for sea quarks
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C. Zeng, H. Dong, T. B. Liu, P. Sun, and Y. X. Zhao, Phys. Rev. D 109 (5), 056002 (2024)




EicC impact on Tensor Charge

« Dyson—Schwinger equation » Lattice QCD «  Dyson—Schwinger equation = Lattice QCD
+ Phenomenology o Phenomenology
5 5 8T
u d - })Vaniet al. (201£8%201 s)
v Fed Wang et al. (2018) — _ —— itschmann et al.
» ——l Pitschmann et al.(2015) gr ou — od N }e’agmccgcégﬁfd. (2013)
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Larger uncertainties when including anti-quarks (less biased)
Compatible with lattice QCD calculations

C. Zeng, H. Dong, T. B. Liu, P. Sun, and Y. X. Zhao, Phys. Rev. D 109 (5), 056002 (2024) @
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More words on TMDs study
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A new domain for spin physics: from nucleon to hyperon

A serves as its own spin analyzer through the decay A° - p + n~

Decay channel: A — pm™
branch ratio: 64.1 £ 0.5%

parity violating weak decay
dN

d cos 0*
/ decay parameter: a, = 0.748 +0.007

[Current PDG value]

< A (14 ap Py cosf”)




From Nucleon spin to hyperon polarization

EIC: Initial state is polarized A polarization: Final state is polarized
-How do partons form up a polarized nucleon? -How do partons form up a polarized A?

Final state

Initial sta{A /

Polarized by device A serves as its own spin analyzer through the decay A° > p + ~

origin of nucleon spin VS origin of A polarization

o




First observation of A° polarization in the 1970’s

p+Be
T T T T T T T »Hyperons can be produced
+0.2 |- (d) ~ polarized in collisions of
" P { . elementary particles
+0.1 | . ¢ _
; Lt P, y »Discovered at Fermilab in the
O 04 08 12 1.6 ceve 1970 in p + Be collisions: 400

G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976) GeV pI'OtOIlS on Beryllj_um

o




0.0

A® polarization measurements

l !

1]

Bed e He F R HEH

E . I

ATLAS: pp collision vs=7 TeV
LHCb: pBe vs=68.4 GeV
HERA-B: pC v5=42 GeV
E799: pBe v5=39 GeV

NA48: pBe vs=29 GeV

E756: pBe v5=27 GeV

LT %
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|
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103 10~2

Polarization [%]

0.1

ATLAS: pp Collision vs=T7 TeV
CERN ISR: pp Collision vs=63 GeV

FNAL E799: P4+Be v5=39 GeV
CERN P5: P+Pt v5=7 GeV
KEK E049: P+ W +5=5 GeV
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Puzzle in low energy collisions

40 1 COSY-TOF: pp fixed-target 60  COSY-TOF: pp fixed-target
VVS=267GeV & VS =275 GeV ¥ T 267GV EVE= 275 Gev
30+ DISTO: pp fixed-target

a0 - DISTO: pp fixed-target

S0k v M5 = 2.98 GeV H V5 = 2.98 GeV
HADES: pp fixed-target

Yy T
E 10 F iizig T{ * V5 = 3.18 GeV ‘6'_3' ED_‘ * v i f { }
I:.‘:f 0 ; i i I_..: A 3 4 A i‘ ) 4 Y ;
L o 0 1L T é " iﬁ i i
~10 % + b3 44 I ' % % v Y v : LT § ry A
% A i % % 20l | B vy i .
—20r )\ + v :
-301 —-40 :
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“Scaling” of A? polarization ?

% —t
) % 1 T
: ot
S T l | |
o T : T
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¢
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%5 30 35

0 65 70
Vs [GeV]
R608: 10.1016/0370-2693(87)91556-5




One has to take into account the production mechanism

- across energy region and collision system

non- central reIat|V|st|c
. _heavy fon collisions i 2 q ®© AA—AX Global polarization

Zuo-Tang Liang, Xin-Nian Wang, PRL 94,102301 (2005); PLB 629, 20 (2005).
Jian-Hua Gao, Shou-Wan Chen, Wei-tian Deng, Zuo-Tang Liang, Qun Wang,

pp =5 R ok X: Comparison to WOI'Id data Xin-Nian Wang, PRC 77, 044902 (2008).

¢ ppoA+Xselectedworlddata @1 COSY pp—pKA

| e |
el
i X VYV LBopopKA _.e-=" ¥ : i
e It ' LB”_‘iT."—K-“'-'ﬁ @ pp(A) - AX polarization through
C10°F ¥ peoanioood R hadronization
C_> C Y HADESpp-pKA .- oo = AX fit
— C
(@) B o ceeos p—toKA Be< 0435 GoV Zuo-tang Liang, and C. Boros, Phys. Rev. Lett. 79, 3608 (1997);
O] i PRD 61, 117503 (2000).
(V)] - ws pp— pK A fit € >0.435 GeV H. Dong and Zuo-tang Liang, PRD 70, 014019 (2004); PRD 72,
! I 033006 (2005).
a10°F
3 D T " A polarization through
= [ B ® pp — pKA . .
(& i i ¥ % f Intermediate state
i HIAF HIAF-U

| e e O Sy e e O ey Oy O S R.MaChleidt,K.HOIindeandC. EISter, PhyS Reptl49,l(l987)

25 3 35 4 45 5 55 6 B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).

/s [GeV] @




An interesting question: Is proton polarized ¢

pp 2 p KA PoL?

pp =2 p/A+ X




Hyperon-Nucleon Spectrometer

> Momentum resolution:

« ~2%@1GeV when n<2.5 :
> PID: Baryon polarimeter

Silicon tracker | Calorimeter

* K, m separation (~30) up to 2 GeV/c
* K, p separation (~30) up to 5 GeV/c
» Vertex resolution:
* Excellent vertex resolution for
background suppression Target
* Material budget (<10%) l
» Acceptance:

 5to 100 degree
> High event rate

AC-LGAD TOF

* 100kHz-1MHz
> Baryon Polarimeter - determine final
state proton’s polarization
» Provide detector R&D platform in forward
region




H-NS kinematics coverage

Kinetic Energy of proton beam: 19Ge

Kinetic Energy of proton beam: 3GeV

Kinetic Energy of proton beam: 9GeV 45

Pt,(GeVic)
Pt, (GeV/c)

Pt, (GeV/c)

3GeV 2> 9GeV > 20 GeV > 32 GeV (?)

Allow for a multi-dimensional mapping of the A° polarization and production

» Beam energy scan
> p=2p, p2A, A>A data taking

e




A smooth transition: H-NS detector to EicC detector

Large area Tracker: MPGD + dedicated electronics
PID: DIRC (up to 7 GeV) + RICH (up to 15 GeV)

Potential upgrade:
DIRC- high momentum PID

ToF+DIRC
Pixel + MPGD

Calorimeter

.....
ot

ol

AC-LGAD TOF

Hyperon-Nucleon Spectrometer FicC detector @




Summary and outlook

»EicC physics study is NOT far away
1. Summarize world data: know where we are and guide us where to go

2. Take advantage of existing facilities (e.g. BESIII) for EIC/EicC physics

»HIAF is under commissioning
1.  Hyperon-Nucleon Spectrometer at HIAF for A polarization study

2. H-NS to EicC: a smooth transition for both physics and detectors

EicC whitepaper: H-NS whitepaper:

()



https://arxiv.org/abs/2102.09222
https://arxiv.org/abs/2606.06553




