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PhySiCS MOtivatiOn - Hadron structure with spin & polarization

» 1988 Proton Spin Crisis

EMC experiment: Quarks carry only a small fraction of the

proton spin
1 1
Stot = 5= EAZ' +AG+L,+ L, 1970s 1980s/2000s
p+Be
» 1976 First observation of A polarization AL B S R B A
Fermilab: 300 GeV p + Be, A can be transversely polarized in +0.2 (d) .
collisions with unpolarized beams and targets T { .
+0.1 | ¢ .
®
- s @& P, i
@ Polarization: spin of particles in a N1T—N.L ol®  ®, o v 4 74
system is aligned in a preferred — ( ) °c 04 08 1.2 1.6 Gev/c
direction. (N T +N l) G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976)
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PhySiCS Motivation - Experimental studies of A polarization
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» The underlying mechanism for
spontaneous polarization
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> A polarization exhibits scaling in v/s
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» Global polarization of hyperon in

heavy-ion collisions

Overall status: Limited experimental data and lack of systematic studies (kinematic coverage, energy range,

and different reaction processes)

INSTR 2026




Hyperon-Nucleon Spectrometer f‘

Pt, (GeV/c)

High Energy Terminal

High Energy Density Terminal

SRing: Spectrometer ring

1} Circumference: 277.3m
' Rigidity: 13-15 Tm

BRing: Booster ring 1\

Circumference: 569.1 m '} Y H IAF Iayout

\ Rigidity: 34 Tm Y
sy, / iLinac. Super-conducting linac

M
”%‘\ .....-» Length: 100 m

Energy: 17 MeV/u(U***), 48 MeV/u(H])

e ——
1_1 = = =
1; i Low Energy Multi-disciplinary Terminal

3
[ Kinetic Energy of proton beam: 3GeVv | —J80

SECR: Super-conducting ECR ion

Energy 14 keV/u
RF frequency: 45 GHz

i

source

Ion species

Kinetic Energy (GeV/u)

Beam intensity (ppp)

p
1608+

9.3
4.25

6.0 x 10"
6.0 x 10"

Pt,(GeVic)

13¢5+ 2.6 6.0 x 10"

8K 19+ 1.7 3.0x 10"

20931+ 0.85 1.2 x 10!

23835+ 0.835 1.0 x 10"

23878+ 2.6 1.0 x 1010

Kinetic Energy of proton beam: 9GeV | _{45 g Kinetic Energy of proton beam: 19Ge

e
o

0.4 0.6 0.8

» HIAF allows for a multi-dimensional mapping of the A polarization and production
v’ Beam energy scan
v' pp, pA, AA data taking
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Rich Hadron and Heavy-lon Physics on HIAF

pp — A + X: comparison to world data

- ¢ ppoA+Xselectedworlddata §I  COSY pp—pKA @ pp (A) 9/\+X pOIarlzatlon through
" % HADES ppAsX ¥ LBPpopKA .coe" v hadronization
1 03 $ pooAXmodel e
Y HADES pp—pKA __.--‘:::__ pp— AX fit Zuo-tang Liang, and C. Boros, Phys. Rev. Lett. 79, 3608 (1997);

T IIIIIII

----- PRD 61, 117503 (2000).
’_.c”' pp—+ pKA fit €<0.435 GeV H. Dong and Zuo-tang Liang, PRD 70, 014019 (2004); PRD 72,

cross-section [ub]

- ;."' _____ pp— pKA fit €>0.435 GeV 033006 (2009).
10° 3 D) pp>p+K+A A polarization in
S 5 & & (U AuE - pp=p+i+ i
F Ty ¢ : exclusive processes
B F HIAF HIAF-U R. Machleidt, K. Holinde and C. Elster, Phys. Rept. 149, 1 (1987).

B. C. Liu, B. S. Zou, PRL 96, 042002 (2006).

Il"llllllIIIllllIIlllllllllllllllllllllll
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non-central relativ
heavy ion collisi

istic T @
A °§’> . ﬁ (BAAS>N+X Global polarization
o 2 = .

@ 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,
Xin-Nian Wang, PRC 77, 044902 (2008).
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Hyperon-Nucleon Spectrometer (H-NS)

H-NS Detector requirements:

» Large acceptance:
e 5to100deg
» High event rate:
* 1MHz (pp / pA)
» Momentum resolution:
¢ ~2% @1GeV (n<2)
» Vertex resolution:
* <500um
> PID
* K, mseparation (~30) up to 2 GeV/c

Calorimeter

Baryon polarimeter

Target

* K, p separation (~30) up to 5 GeV/c
» Baryon Polarization Measurement

Hyperon-Nucleon Spectrometer. NST, in press. arXiv:2606.06553.
Lin, C.-X., Liang, Y.-T., et al. (2026). A novel design of general-purpose
spectrometer with nucleon polarimeter function. NST, in press. arXiv:2512.02804.

R
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H-NS Silicon Tracker Design

> Barrel
T L) .."'.' R (cm) Length Pitch Size Material Budget (X/X,) Tech.
"y 'l.l"l "l’ | ; (cm) (um)

',, l 5.0 42 30 <0.8% MIC6

' [ [ 11.0 42 30 <0.8% MIC6

17.0 42 30 <0.8% MIC6

’ 29.0 42 30 <0.8% MIC6

35.0 42 30 <0.8% MIC6

» Endcap

InR (cm) Out R (cm) Z(cm) Pitch Size (um) Material Budget (X/X, %) Tech.
et 2.0 38 30 30 <0.8% MIC6
2.0 38 39 30 <0.8% MIC6
! 2.0 38 48 30 <0.8% MIC6
» The key detector of H-NS: MAPS Tracker 2.0 38 66 30 <0.8% MIC6
» 5.2m? MAPS in total 2.0 38 75 30 <0.8% MIC6

v’ Barrel: 5 stave layers, ~2.9 m?
v Endcap: 5 disc layers, ~2.3 m?

R
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H-NS Silicon Tracker Design

» To achieve momentum resolution (~“2%@1 GeV/c) and high SNR in A ihi iy | > MIC6-v4
reconstruction, material budget below 0.8% X/X, per layer is
required
v MAPS-based MIC6 pixel chip: MIC6-v4 (CCNU) , spatial

resolution ~10 pum with pixel size 30 um, developed and

manufactured with the domestic process » Detector
v' Mechanics: Carbon fiber mechanics, water cooling, low mass module
flexible PCB
v Detector assembly and integration: 5> Barrels

» Barrel tracker: Stave module design
» Forward tracker: Ladder module aligned to disk super-module
v Readout electronics and DAQ
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MAPS Chip Development

v MIC6 V4 chip tape-out completed,

under characterization testing

Courtesy of Le Xiao (CCNU)

MIC6_V4 Architecture

Core POWER 1.2V

MIC6_V4 Layout

MIC6_V4 Features
Process 130 nm
Core Voltage 1.2V
Chip Size 30 mmx15 mm e
Pixel Array 980x497
Pixel Size 30.53 umx26.8 um Add Red Blocks Modify Yellow Blocks
Readout AERD MIC6_V4 Chip
Output Rate 1.2Gbps Alpha source test
Encoder 8B10B
Slow Control MLVDS Control Bus
Parallel Data master-slave data aggregation
Interface and transmission

» Add control management unit (CMU) to
replace SPI interface
» Add on-chip LDO

R
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Barrel Stave Module Design

Designed based on ALICE ITS2 experience

AVaN <Q
da

STAVE module:
Carbon frame + Cooling System +
MIC6 chips + Flexible PCB

Innermost stave module:

* Each stave is formed by 2 chip modules(CM)

* Each CM is assembled from 1x7 MIC6 chips
and a FPC

* All chips on the CM operate in master mode

Stave module for the outer 4 layers:

* Each stave is composed of 2 half-staves

* Each half-stave consists of 2 chip modules(CM)
e Each CM is assembled from a 2x7 array of

N Of Staves

LO 5.0 24
MIC6 chips and a FPC
L1 11.0 14 , ,
e 2 chips on each CM operate in master mode,
L2 L7 20 and the rest operate in slave mode
L3 29.0 34
L4 35.0 42

N
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Mechanical Structure Design and Prototype

v" FEA simulations were performed based on the material
selection and structure, and the mechanical performance of the High modulus truss
current design was verified

v" Mature production and processing conditions for the carbon
fiber materials and processes required for the stave are
currently available domestically

v' Completed the fabrication of the carbon fiber mechanical

Hp rototype Cover layer

L1~L4: Load 2N; max deformation 20 um

Prepreg
Cover layer

«—I Cooling tube & plate Frame machining Mechanical Structure prototype
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Flexible PCB Design and Prototype

Coverlayer AD 15pum

Coverlayer AD 15um

FPC Prototy
> The Flexible PCB based on the MIC6 chip was designed rototype

» Meeting the requirements of low voltage drop and high-fidelity signal transmission
» The metal layer of the FPC largely determines the detector’s material budget

* Copper: higher material budget, mature fabrication technology

e Aluminum: lower material budget, but more difficult to fabricate
» Completed the fabrication of the copper-based FPC prototype
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Material Budget Simulation

FPCs

06 L0, Al FPC, X/Xo = 0.339%
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eg
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rame arbon Fiber T 4 g -
S >
I Cooling Tube Polyimide 12 < L
I Cooling Plate Carbon Fiber & Graphite - B
Coolant Water - i}
8 MAPS Chi Si - il
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Y
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Single-layer material budget distribution along ¢ for the LO and L1-4 layers with Al/Cu-based FPC (n = 0)
B
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Performance simulation of MAPS Tracker

Beam Enerav 3.5 GeV

» Simulated tracking detector system(MAPS Tracker & LGAD TOF) g
performance under different geometric parameters to optimize %—
key performance parameters E E
» Two parameters considered: outer barrel radius R,; barrel ﬁ 2.
fraction along Z, R, = L, /L 2 3
@
» Simulated A hyperon detection efficiency in proton collisions at &
m
3.5and 9.3 GeV
» Pluto generator, 2M pp—>pKA events for each configurations
» Balancing performance and technical feasibility, R, = 50 cm, R, Barvel out radius (Ro) [em]
=0.33 was selected . Beam Energy 9.3 GeV
L . L: S*RD i %
: — =
S M
B =
“1 IR, 2 o,
_ & )
;, o t R § 2
@ <
3
B Lo Ry= Ly/L e

30 40 50 60 70
Barrel out radius (Ro) [cm]

=35 o 5 =0 E-l 100 125 150
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Performance simulation of MAPS Tracker

n [0, 0.5] Momentum Resolution p=1Gevi

o
]

-2;'. E b 4 % E +1[. i
§ Y, s L # and material budget
E e // e of the barrel stave
3.5: / 20— d I k
E L - / modules were taken
3 C .
i e 15 / into account
250 C
B \ / 10f
2 v C
N : Ve
— _4/ 5T /‘(
1'5: C *.———f——;.n—-—:!ﬁ/
0I I 1 ‘ 2 3 4 I5I 6 7 FQ[G V,i1]0 GO I ‘0.5‘ = 1 = I1.5I = 2 = I2.5‘ = 3 = ‘3.5‘ = 4
eV/c] n . ..
_ racking Efficiency
ne[0,0.5] Vertex Resolution nel0,0.5] 35Tes 923 w25 912 18 935 926 %8 929 917 100
T F T L 878 921 918 916 902 910 920 915 923 911
= 140 e = 140 > |7 309 89 924 917 914 912 917 911 911 911 909
= F = "F ; X : ; S ; : : ; ¥
S of 1 K 8 af -k 874 866 855 863 866 8.3 860 856 863 80
r *p r \ il 2547 871 8.2 868 863 855 8.6 8.1 8.7 851
Jo0l=t 100k ; 87.8 87.4 814 864 873 873 872 869 867 _
N \ N \ 2.0 85.8 867 860 862 865 866 859 855 86.0 60 =
8o 80§ = ' 849 859 850 B39 848 848 848 839 B4l >
- \\ - \ = 725 852 B45 850 848 847 845 844 847 839 5
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oL '\\ o '\\ 1.0{ 708 887 884 880 B854 856 883 881 887 885
aof —.. a0k - 704 899 89.7 895 B89.7 891 898 895 89.4 891 20
007I L1 Ll 111 Ll 111 L1l Ll 111 Ll 11l I10 Gi\ L1l I - L1l - L1l I L1l I L1l \1
P [GeVic] P [GeVic] 0

» Generate 1M single r/K/p tracks | s
» Simulation results show that momentum resolution is around 2% @ 1GeV (0<n<2)
» DCA resolution better than 100 um @ 1GeV (0 < n < 0.5)

R
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Physics projection simulation - a potarization in pp

» With the current detector design, A has been reconstructed with an extremely low background in pp>pKA
» Simulated the measurement precision of A polarization in inclusive and exclusive processes at a beam energy of
9.3 GeV.
* Pluto generator for pp—>pKA events, JAM2 generator for pp—>/AX events
* Scale 20M events to 101%(pp>pKA) &101 (pp—>AX) events in total (data will take 3 months from H-NS/HIAF)
* Uncertainty of the A polarization measurement can reach the level of 1%

)

— 2 —
o 3)
.E C 'I‘ "5 %
T 400 3 3
w B ' N 15 -
2 S S,
300 = =
u } o =
n 1
200~ +
A t
100[
a .
D: .';h.* *4..._' N | I | |
e " 1'" s e e 02 04 06 08 0 02 04 06 08 1
2 0 02 04 06 08 1 2 04 06 O
M,.(GeV/c’) Xe /0.1 X / 0.05

The Invariant mass spectrum from pp—>pKA The 2D uncertainty of A polarization

R
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H-NS Prototype (H-NSO)

» To verify the technical feasibility of key detectors in the H-NS tracking system, including MAPS tracking detectors, the
prototype H-NSO was designed

» H-NSO has a two-arm configuration. Each arm contains 5 MAPS layers and 1 LGAD layer. The opening angle between the
two arms is adjustable

A MAPS Layer: MIC6 chip & Electronics board

H-NSO Design
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H-NS Prototype (H-NSO)

» Simulated the performance of H-NSO in A reconstruction from O+C collision at a beam energy of 2.6 GeV
» JAM2 generator for 1B O+C events
> H-NSO can reconstruct A, Efficiency ~ 107°
» Consider different arm open angle set, the significance is highest when the two arms make angles of 7°
and 12° with the beam line
» A beam test for H-NSO is planned for later this year

° 2500; — 6 of p, peaks at 7.2° . = '
g — 6 of m, peaks at 16.4° B 24r : Signai: 803.9
w00 & '\ oo Background: 388.1
i L 22k 5 C mean: 1.11687
& T \\ xof- sigma: 0.00642
F N :
18f N %0 { d 23.28
.'20 '1‘0 60 80 100 120 1:0 1(‘50 B|d.e;|O 163 50; ‘I‘ S + B .
b
& : | — p-m opening angle, peaks at 19.3° - \ B
12005— ] 12: et 301
auoi_ 102 \\\ 20;_
3 of ™, o T Y
200 L. L L L — L L L1 Ellll i s el i | sy a Psgopaci \\;‘I‘¥_L do g ll+l+l +“‘l IAI+
0 ; ‘ L ‘ L 8 2 2 2 % E%DQHAHQ;’D fos 1.39 1.1 1.[11 1.112 1.|13 1.114 1.[15 1.116 1.117 1.18
0 20 40 60 80 100 120 140 60 6 [de;] 0 M(GeV/CZ)
Angular distribution of pm from A A\ significance as a function of The A>pm Invariant mass distribution
decay @2.6 GeV O+C collisions detector open angle from O+C with open angle 7°+12°
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Summary

* H-NS is a fixed-target spectrometer at HIAF, dedicated to the study of A hyperon, proton and light hyper-nucleus
polarization in pp, pA and AA collisions

* The H-NS tracker is designed based on MAPS technology, consisting of a 5 layers barrel and 5 layers endcaps, the
material budget per layer is less than 0.8% X/X,.

* Geant4 simulation shows that the momentum resolution reaches 2% @ 1 GeV (n < 2), and the DCA resolution is
better than 100 um @ 1 GeV (n < 0.5) with the current design. The simulation also shows that H-NS can measure A

polarization with high precision in various processes

* H-NSO has been designed and initially constructed. The beam test is expected this year

Thank you for your attention !

R
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Backup

R
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Physics projection simulation — agiobal potarization in A

» Simulated the measurement precision of
N\ global polarization in Au + Au collision
at a beam energy of 2.8 GeV/u

>
>
>

JAM2 generator for Au + Au events
Scale 20M events to 101! events
uncertainty of the A polarization
measurement can reach the level of
0.1%

Data from H-NS will take a few
weeks

Counts/(1.0 MeVic?)

a

=10

£

’11TTTT'|'TTTrrIIIl|-|

A=1701756 £ 1304

q 5B =230 %

LY
|I|-J.LJ.I.III

112 1.14 1.16 1.18
Mip, =) (GeVic?)

p_ (GeV/c)
(>

T

w.r.t. Event Plane

1.5

0.5

T ¢ 7 T T T ¢ | T T

107

10+

The Invariant mass spectrum from Au+Au A polarization uncertainty w.r.t. eventplane
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How to detect proton polarization

Determining proton polarization via elastic scattering

do 1 doy

= 1+ P,AN(6) cos
dopdcosf 2w dcost L+ By ANO) d
Transversely Carbon foil
polarized protons oX

Qe

» The carbon film is located between the 3rd and 4th MAPS layers

» The first 3 MAPS layers determine the proton track before scattering

» The last 2 MAPS layers together with the LGAD determine the proton
track after scattering

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

N
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» Simulated the measurement precision

Ogar. < 0.05 for p 100 bins

of proton polarization in inclusive and Exclusive measurement
exclusive processes at a beam energy  |_Uncertainty of proton polarization |
of 9.3 GeV T 2
* Pluto generator for pp—>pKA E - PP > PKA
events, JAM2 generator for ﬁ 1.5k
pp->pX events S |
« Scale 20M events to 101°/ 1013 o~ |
events 1:
* Uncertainty of the A polarization [
measurement can reach the level 0.5}
of 2%/5%
e Data from H-NS will take 3 0
months 0 0.2 04 06 08 1

Xg /0.1
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Mechanical Structure for H-NS

INSTR 2026 25



Detector assembly and testing system

 Assembly and testing of chip modules: achieving chip integration precision within 5 um for silicon pixel detectors

» Realizing high-precision ultrasonic bonding, with the pull strength of the bond wires meeting the requirements for
operation in strong magnetic fields

 Used for ALICE/ITS2, NICA, etc.

* Based on the existing system, a new-generation automated assembly and testing system is under development. It
will enable fully automated assembly and testing for chips/modules of different sizes, greatly improving mass-
production efficiency

. Under Development

ALICIA at CCNU Bonding machine

Automated assembly & testing system




