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U Introduction ofHIAF
U H-NS at HIAF
U EicCat HIAF

U Summary



HIAF

A Hyperon -Nucleon
Spectrometer (H -NS)

A Focus on Hyperon and
Nucleon polarization

A Fix target experiment

Phase Qongoing: HIAF for nuclear physics

lon Intensity | Kine_Energ
(PPP) (GeV/u)
238 3ot 2.8 10 0.84
238ror 5.08 10" 2.5
129%™ 3.63 10" 1.4
B o 5.08 10 1.7
Oprter 7.08 10" 2.3
18P+ 8.0 10" 2.6
P 5.08 10%° 9.3




Phase Qongoing: HIAF for nuclear physics
HIAF upgrade Phase 1: HIAF upgrade for applied science
EicC
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Parameter electron proton

(
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1
1
1
1
I
' Circumference (m) 1151.20 1149.81
1
i Kinetic energy (GeV) 3.5 19.08
i CM energy (GeV) 16.76
1
i feotision (MHZ) 100
1 q 0
i Electron ring Polarization 80% 70%
' ~287.80m f Bunch intensity (x10) 1.7 1.05
1 7
E 2.8 GeV ~5Ge & - B (nm-rad, rms) 50/15 100/50
| elinac Feseseesese=E== ~ -_—. L ©° |8 1 (cm) 10/4 5/1.2
ST mmmmmmmsmmmsmmssmmmsommeees - RMS divergence (mrad) - 1.4/2.0
Bunch length (cm, rms) 0.75 8
BRing_N ~569.10 m Average current (A) 2.7 1.68
= dl nJ eRing BRing_S~ 574.54 m _
4] Proton energy up to 24.85eV Crossing angle (mrad) 50
~1151.20 m - Luminosity(cm-2s1) 4.25 x 1033
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Future Experiments at HIAF
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Detector

————————————————————————

L l EicC
H NS DEMO running at HIAF

A smooth transition from HNS toEicC in terms of both physics and hardware |




Spin and its polarization

Polarization: spin of particles in a system is aligned in a preferred direction.
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Spin and its polarization

¥ serves asis own spin analyzehrough the decayg © n *“

Decay channel: A — pr™
branch ratio: 64.1 = 0.5%

parity violating weak decay

dN

| d cos 6*
/ decay parameter: a, = 0.748 = 0.007

[Current PDG value]

x A (14 ap Py cos™)




First observation of polarization

p+Be .
— T T T T T T U Hyperons can be produced
+0.2 | (d) ~ polarized in collisions of
- { . unpolarized particles
aP
+0.1 — ! E .
e d P, T U Discovered at Fermilab in the
- . ] ] 1 1 ] ] ~ . - .
00 o3 o8 .2  16cv 197 0 s Bdcallisions: 300

G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976) GeV protons on Beryllium

The origin of polarization  cannot be explained under perturbative QCD
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polarization measurements
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ATLAS: pp collision vs=7 TeV
LHCb: pBe v5=68.4 GeV
HERA-B: pC vs=42 GeV
E799: pBe v5=39 GeV

NA48: pBe v5s=29 GeV

E756: pBe vs=27 GeV
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ATLAS: pp Collision vs=7 TeV
CERM ISR: pp Collision v5=63 GeV

FNAL E799: P4+Be v'5=39 GeV
CERM PS: P+Pt v5=7 GeV
KEK E049: P4+ W v'5=5 GeV
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Puzzle in low energy collisions

a0 + COSY-TOF: pp fixed-target

60 COSY-TOF: pp fixed-target
0 T Vs = 2.67 GeV i Ve = 2,75 GeV ¥ V5 = 2.67 GeV A VS =275 GeV
DISTO: pp fixed-target a0k DISTO: pp fixed-target

v M5 = 2.98 GeV B V5 =298 GeV

Pp [%]

20F
HADES: pp fixed-target
10 F v Yiii Y% % Vs = 3.18 GeV — 20 Y i ?
W A SRR
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_10—% % ii;i % % % % $ v h 4 !!gii [ A L'}
% B % % % ool | . v?Y : [
—20F !
Lo Y |
30} 40} :
0.0 0.2 0.4 0.6 0.8 1.0 100 075 —050 —025 000 035 050 095 Loo
P [GeV] XF
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polarization measurements in HIAF

Hyperon -Nucleon Spectrometer (H

pp — A + X: comparison to world data

| g |
0 ~ & ppoA+Xselectedworlddata 1 COSY pp—pKA
El. i * HADES pp—->A+X 17 LB pp—pKA __.-=="" ’
cC 1 03 ¢ pp—oA+X model
_9 C Y HADES pp—pKA
“— - e
8 : ““’. pp— pKA fit € <0.435 GeV
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polarization measurements cross
energy region and collision system

polarization through
hadronization

Zuo-tang Liang, and C. Boros, Phys. Rev. Lett. 79, 3608 (1997);
PRD 61, 117503 (2000).

H. Dong and Zuo-tang Liang, PRD 70, 014019 (2004); PRD 72,
033006 (2005).

polarization in
exclusive processes

R. Machleidt, K. Holinde and C. Elster, Phys. Rept. 149, 1 (1987).
B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).
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An question: Is proton polarized as well?

PP A P KS

PpA p+X

SA A

+0.2

+0.1

0 TR N
0] 0.4 0.8 1.2

L1
1.6 GeV/c

G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976)
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HIAF kinematics coverage

3 —
5 Kinetic Energy of proton beam: 3GeV 80 Kinetic Energy of proton beam: 19Ge

Kinetic Energy of proton beam: 9GeV

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

3 GeVA 9 GeVA 20 GeV

Allow for a multidimensional mapping of thg polarization and production
U Beam energy scan

U pA p, pA A AA A data taking
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Hyperon Nucleon Spectrometer (H-NS)

_prOton beam up to 9.3 GeV Baryon Polarimeter Pixel tracker Calorimeter
ion beam up to 4.25 GeV/u

Ap+p
Ap+A
AA+A
@ event rate ~ MHz

High Energy
Nuclear Physics
Terminal
_\_%*7—7; A"g D
SRing. | |
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Silicon tracker at H -NS

The Monolithic Active
Pixel Sensors € MAPS
¢ MIC6 development at CCNU

NWELL NMOS PMOS
DIODE TRANSISTOR / TRANSISTOR

| )
PWELL NWELL

DEEP PWELL

Epitaxial Layer P- . h,—--.“'-.

A MIC6 MAPS pixel chipdevelopment and manufacture with the domestic process

A Readout electronicgITS2 based designand DAQ(ALICE CRU/FELIX protoc@BTx U)
A Detector assembly and integration:

U Vertex detector:Stave module design (spatial resolution: ~5 d&with pixel size 30 * ¢ total material <
0.35%X/X, per layer)

U Forward tracker:Ladder module aligned to disc supermodule (spatial resolution: ~5° awith pixel size 30 * &
total material < 0.45%X/X, per layer)
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Low Gain Avalanche Diode Detector (LGAD)

Recent development at USTC.:

A Sensor size : 130300 50>m.
A Sensor with different pagbitch size:
A Large pad size/pitch: 100/159n,
A Small pad (Strip) size/pitch: 50/Z.

» ; d 182,
< - | Conslanl 11414233
a o 1200 WS 100/150 Mean  -0.0005441 + 0.0004062
| . I s 0.02504 + 0.00032
o After calibration/ | ™
o, =25ps ||
600
j 400
200
0 1 00 01
t_recon-t - trig [ns]
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Momentum and vertex resolution
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reconstruction

N
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BaryO n pOIa” metel’ Determining proton polarization via elastic scattering

do 1 dog
dodcosf 2w dcosé

11+ P, AN(0) cos @]

Transversely Carbon foil
polarized protons

U Carbon Foil layer

A ~1 mm thickness A o
5SUFAf SR AY

A Material budget: <1% X/X,
talk on 26th!

A Probability: pC (1E-3)

U Position : in-between the tracking devices

Y. T. Liang et. al. Phys. Rev. D 112, L031502 (2025) 19



Origin of polarization?

Py = Aa/aunp

Gunp~E1a (¥ K1) 15, K D@T(ab > X )&D1lpe k) ==y pp — qq — hX
Aol (Xq, k1 0)f15(xp, D@86 (a'b — ¢ X )&H Mz, k)= pp — q(T)g—h(T)X
A(Xq, K10)f1(Xp, K)p)®T (ab — cX )@ (zinkern) mm) pp — qq —h(T)X

/ spin‘transfer
Boer-Mulders

transverse polarization in fragmentation of
unpolarized quark (Belle data)

A Possible explanation:
A Fragmentation?
A Spin transfer?

20



About nucleon spin structure

1988EMC experimeny d { LAY ONR & A &€

Hectron-ion scatering process Pion/kao |
n y
e Q T
1970s 1980s/2000s Now \ . o
< Vo
, L d
Spin decomposition: @‘e ! ,V@ka :\d
34.: <" _S’/]IH y‘" - A \I
\

[ Quark spin ] [ Gluon Spin ] [ Quark OAM ][ Gluon OAM ]

U We have a framework for the understanding of the spin structure of the nucleon
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Phase Qongoing: HIAF for nuclear physics
HIAF upgrade Phase 1: HIAF upgrade for applied science

EicC
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i CM energy (GeV) 16.76
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i feotision (MHZ) 100
1 q 0
i Electron ring Polarization 80% 70%
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Unified view of nucleon structure
W U(x,k.,r ) Wigner distributions (X. Ji) 6D D| St.

d3/ \I‘Zderz

TMD PDFs | |GPDs/IPDs . .
f0Ke), - 3D Imaging
n4(X,kq) dx &

Fourier

Transformation

der-

Form Factors

PDFs Ge(Q9).
flu(x)’ flu(x)’ hlu(x) 1D GM(QZ) 23
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EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?

Highlighted physics topics
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JLab 12 GeV

ASpin of the nucleon: 1D, 3D
0 polarized electron + polarized proton/light nuclei

Momentum Transfer Q? (GeV?)

—_ g
o| Tl T T
ESS

1 [ il II| L Ll L llI 1 L Ll llII 1 L 1 Ll L1l
1072 102 10~ 1
Fraction of Momentum x

APartonic structure of nuclel and thgarton interaction with the nuclear
environment

0 unpolarized electron + unpolarized various nuclei

AEXotic states with c/cbar, bbar (BESIII community in China)
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Highlighted physics topics
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EicC 3.5 x 20 GeV?
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EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?

Hmhlmhfpd nh\/qmq tonics

nPDF
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nNNPDFZ.O reweighted

1.15 A1
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Q?=10.0GeV?

1.10 A1

Nuclear PDFs

0.3 A 1.05 -

A 5 0.2 / 1.00

0.95

U 0-1'/ 0.90 1

004 / 0.85
V0

0.80
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Momentum Transfer Q? (GeV?)

15—'
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sea quark distribution in Pb atZQ 10 Ge
APartonic structure of nuclel and th@arton interaction with the nuclear

environment
0 unpolarized electron + unpolarized various nuclei
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Highlighted physics topics
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AEXotic states with c/cbar, bbar (BESIII community in China)
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Detector Requirements

The primary physics topic is spin physics, we

need to explore the DIS, SIDIS, DVCS etc.

A the scattered electrons provide crucial
information to most of processes

@l

Tl

CURRENT
JET

lf

v (Z°, W)

REMNANT
JET

3.5 GeV on 20 GeV, 0.01<0’<1 GeV?

n .
X

3.5 GeV on 20 GeV, 1<0*<2 GeV*

{ C— ”i
et

3.5 GeV on 20 GeV, 3<0°<5 GeV?
(GeVic)

. .

Srae ¢ — 5

3 > >
I !

105

104

103

102

3.5 GeV on 20 GeV, 7<0*<10 GeV?

R 0 —_—
4 )
\

3.5 GeV ol ()(VliQ <30 GeV?

}

3.5 GeV on 20 GeV, 0>>30 GeV?

=Sk
i |
)

1

Kinematics of the scattered electron at various Q2
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3.5 GeV on 20 GeV, 0.01<0’<1 GeV? 3.5 GeV on 20 GeV, 1<0’<2 GeV? 3.5 GeV on 20 GeV, 3<0°<5 GeV?
GeVie) Gev (GeV/e)
105

Detector Requirements

i 102
The primary physics topic is spin physics, we : | : | g
need to explore the DIS, SIDIS, DVCS etc. : |
A the Scattered eIeCtronS provide CrUCiaI 3.5GcVnn20(i‘i\\<{7\Q3\10(}cV3 3.5GeVon20G V 15<0?<30 GeV? 3.5GcVonZOHC”.\c\\‘/;Q-‘»SOGcV-
information to most of processes g A 102
A The hadrons in the final states are essential ) — i [ |
for SIDIS, HF, etc. \ /) \ 10
U |
L1 Kinematics of the scattered electron at various Q?
.
© v (Z°,W) 10"
9 1061
— REMNANT ]
D > JET s
p é ]04_%
CURRENT R
JET
]0‘-?g
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The EicC detector

Pixel + MPGD | | Coil | | RICH E ZDC

ECal DIRC| |ToF EDT RP OMD

IP 5m 10m 15m
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The EicC detector

Vertex and tracking
detecter

A

31



EicC vertex&tracking detector design

¥ The 3r generation MAPS
Pixel sizex ~20x20 t1i
Material budget x 0.05%

The 1st generation

Monolithic Active Pixel
Sensors € MAPS( )
Pixel size x ~30x30 1|

Pitch sizex ~150 t 1
Material budget x 1%
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The EicC detector

IA PID system
| .
.
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Barrel DIRC for PID

Fused silica
prism

Fused silica

Detectorof Internal ReflectionCherenkovights (DIRC)

Cherenkov Photon

DIRC achieve PID through reconstructing théierenkov Tctries \ \ / Expansion |

Volume

angles by measuring thé&ransit time andexit position/angle

article Optics

Mirror Focussing
of Cherenkov photons induced by different particles. /;'k

0. =cos(1/n3)

Photon sensor

Focusing lens

,/.

Reference frondéSimulation, Reconstruction, and Design Optimization

U Consisted of fused silica(n=1.47) as Cherenkov radiator  for the PANDA Barrel DIR2016

and MCHPMTs as photosensor array g 80 n s
%BUDE e 40 \
s ¢ ?'50:_ g
U Compact structure as barrel detector _ §,, [Tockcroronior| <
L | ) | & angle resolution '
- L R i 700F electron §m | —0smad | g: !
0! OKASPS o° ~ kY &SLI NI GA e f Zpon | v ||| T | ey :
resolution ~ 1mrad 600, S B | —toms | & | il
: ML G § w |
5500'”"{:!.5 '|I15 é 25 éB 4 ooo 1 2 3 a 5 o ? s
momentum [GBWC] partide momentum (Gev/c)

refractive index of synthetic

fused silicavith n = 1.47 Reference from PANDA & EIC
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MRICH: Lens-based Focusing Aerogel Detector Design

LensBased mRICH
A Modular RICHs a Cherenkowdetector based Design Sensor plane

1 60

on aerogelradiator. e vE .
A It usesa Fresnellens to generate focusing I e
effect to improvepositionresolution e s R /A
A 1t has compact and flexible structure, and ! I | mli?empammi oo
PIDpower with largemomentumcoverage | :
i
LI B

focal length7.62m @€ 0

Aerogel

Fresnel lens

Mirror set

Sensor plane




The EicC detector

ECal

36



Ecal Design in Simulation

U General @sign of whole &al Detector.

U Cesium lodideGs) crystalis applied in e 7= Am
endcap, Shashlik style is applied in both
barrel and iorendcap
U The actual distancesf the two endcaps to IP
depend on the available space of tReC £=1.5m
design
K Csl module
EMC type z/rfm] Length[cm],X Coverage[cm] pseudorapidity Tower size
e-endcap Csl /=15 30, 16% 15.0<r<13 (-3.0,-1.0) 4.0*4.0(front)
EicC barrel Shashlik R=0.9 45, 16X -105.8<z<187.5 (-1.0, 1.5) 4.0%4.0

lon-endcap ~ Shashlik  Z=2.4 45, 16X 24.0<r<18 (1.5, 3.0) (front)
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Simulation framework & software
Structure of EiccRoot

‘f’ ROOT {[Geometry] [yE——— G3VMC |— : Geant3 | Top level: ROOT, Virtual MC, etc.
\ G4VMC ]—~ Geant4 ]
/ Application] 10 Manageﬁ Root files
! ] o \

I Track [ Run Manager RTDataBase
FawRootLHﬂﬁJ

Event
Display

Middle level: FairRoot framework
manages the general infrastructure
with simulation and tasks

Puihia EiccRoot: implementation of the
EiccRoot EicC detector sim. and rec. inside
FairRoot framework
\[ emc ) [~ ] () (CTrackfit ) N Multi Field
~
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The performance

ne€[-0.5,0.5] Det v3

Momentum resolution *- m

1

102 1.04 106 108 1.
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8569765096 098

03 . n
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4 p
0.2 T T T T T T -
0 2 4 (3] a 10 12 14 16
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n&[-0.50.5] Det v3
Y - N
- ® . —4— e |
L DCAresolution e soo0{ Primary vertex residual
m
y K 4000 A
CAro g (7))
4
‘& 3000 -
Q
>
L
2000 1
1000 A
O = T T T T T
0 2 4 6 8 10 12 1 16 —-0.04 -0.02 0.00 0.02 0.04
P;[GeV] AVz [cm]

39



Summary

H-NS

EicC

Two experiments are proposed at HIAF:
1. 20272035: HNS,

A fix target experiment

A hyperon and nucleon polarization in pp, pA and
AA

2. 2035: EicC:
A Polarized election and ion collider
A Nucleon spin structure

Detector R&D is ongoing!

Thank you for your attention!
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