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Putting a “spin” on physics

A particle’s spin is one of its basic
characteristics, like its mass or electric
charge, and physicists have long tried to
nail down the dynamics at work behind the
spin of particles made of quarks.
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About nucleon spin structure

1970s 1980s/2000s Now

Spin decomposition:

GPDs: deformation of Parton’s spatial distribution when hadron is polarized

1 1
Stot = 2= EAE +AG+ L, + l:g TMDs: deformation of Parton’s confined motion when hadron is polarized
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[ Quark spin ] [ Gluon Spin ] [ Quark OAM ] [ Gluon OAM ]

We have a framework for the understanding of the spin structure of the nucleon
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A new domain: from nucleon to hyperon

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




First observation of A’ polarization in the 1970's
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A polarization observed in both high and low energy collisions
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Not only polarization but also production

pp — A + X: comparison to world data
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Not only polarization but also production

p(2.95 GeV)+ p—pKA
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Not only polarization but also production

pp — A + X: comparison to world data
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Not only polarization but also production

pp — A + X: comparison to world data
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Not only polarization but also production

pp — A + X: comparison to world data
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What's more? with p-A

-
Q P ¥. . ‘*, j EMC effect is there for PDFs

Cold nuclear medium effect
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What's more? with A-A
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ol D Global polarizations have
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High Intensity heavy-ion Accelerator Facility (HIAF)

Booster Ring:
Circumference: 569 m
Rigidity: 34 Tm
Accumulation
Cooling & acceleration
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HIAT for atomic physics,
nuclear physics, applied
research in biology and
material science etc.

High energy /,/ |
experimental hall 4\\_—

Superconducting Ion
Linac:

BRing
. - Length: 180 m
Two-plane painting injection schemre Energy: 17 MeV/u (U4
Fast ramping rate operation CW an d pulse modes @




High Intensity heavy-ion Accelerator Facility (HIAF)

Booster Ring: NN
» Circumference: 569 m pacd.

» Rigidity: 34 Tm
» Accumulation

....

High energy
experimental hall§

-

BRing = )
» Two-plane painting injection sche\ e
» Fast ramping rate operation




HIAF under construction in Huizhou




HIAF beam parameters

Intensity

Ion (PPP) Energy (GeV/u)
2087y95+ 2.0x10"! 0.84
238ygret 5.0x10%° 2.5
129% 2T 3.6x10" 1.4
Ry to* 5.0x10"! 1.7
Opria 7.0x10"! 2.3

(oL 8.0x10"! 2.6
p 5.0x10"3




HIAF kinematics coverage
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momentum of beam

From 3 to 9 GeV

Allow for a multi-dimensional mapping of the A° polarization and production
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China Hyperon-Nuclear Spectrometer

Silicon
tracker

AC-LGAD
TOF




Silicon tracker at CHNS

MICG development at CCNU Forward detector & PR

- *oea
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Vertex detector

Total area of silicon tracker: ~1m?

-7 target

1/12 prototype for the silicon tracker

* MIC6 MAPS pixel chip: development and manufacture with the domestic process
» Readout electronics (ITS2 based design) and DAQ (ALICE CRU/FELIX protocol, GBTx, ...)
* Detector assembly and integration:
» Vertex detector: Stave module design (spatial resolution: ~ 5 um with pixel size 30 um, total material <
0.35%X/X, per layer)
» Forward tracker: Ladder module aligned to disc super-module (spatial resolution: ~ 5 um with pixel size 30 um,

total material < 0.45%X/X, per layer)

Details: See Xiangming Sun’s talk @
.



AC-LGAD at CHNS

Recent development at USTC:

« Two wafers with different n* dose: W5 high n* dose and W6 low n* dose.
 Sensor size : 1300x1300x50 pm.

 Sensor with different pad-pitch size: Large pad size/pitch: 100/150 um, Small pad (Strip) size/pitch: 50/75 um.
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Detector performance simulation
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AC-LGAD as time-of-flight detector for PID

Flight distance for 3c n/K separation
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A? reconstruction with PLUTO simulation

o C ) C
.g i # .g i {
€ 7000 £ 800 f
wor t e b g wor
6000 — +++++ i i '
i b . t
i it 400~
~ ++H+ L
5000~ " - .
ittt 200 +
:++++ o +o4
4 - 4 *,,
T B SR R B 0****ra*r**+.***+.*+*4**+w*¢+**;++.~+*r*‘*." ‘ R e il O o R
1.09 1.1 1.1 1.12 1.13 1.14 1.09 1.1 1.11 1.12 1.13 1.14
M,.(GeV/c?) M,.(GeV/c?)
' DCA < 0.1 cm && angle < 0.01 rad | 0.057 <P, < 1.0 GeV |
g f @ -7
E 800 ++ E 600— h[ DCA Pion :
c - [= L y
w + w » DCA proton
600 i Primary vertex
C } 400
- i t
400 f . ’f
i 200
200 - | -
- + + : + +
oj_L IR B *HLJ-..*—:. R ) S E—— ‘.4,.-‘.»:1 . T*ﬂ.m.__L I B
1.09 1.1 1.11 1.12 1.13 1.14 1.09 1.1 1.1 1.12 1.13 1.14
M,.(GeV/c?) M,.(GeV/c?)




Outline

» Introduction
» CHNS at HIAF
» Summary and Outlook




LGAD TOF

Pixel Tracker

|. Physics:

1) A production and polarization ( p+p )

2) Medium effect ( p+A)

3) Global polarization of A hyperon ( A+A)

Il. Community:

1) Supports both communities of hadron structure
and heavy-ion physics

2) International interests are very welcome!

lll. Detector R&D

1) Many parts are similar for CHNS, EicC, STCF
and CEPC. Save resources.

2) CHNS: a detector R&D platform for EicC, ¥z EicC




Silicon Tracker | e AC-LGAD TOF
|

-
-
-
-
-’
-

-

CHNS
Silicon tracker ST CF

Super-conducting Solenoid

Silicon tracker

AC-LGAD (PID)
o Super-conducting Solenoid
EicC

Slllcon tracker
MPGD tracker
DIRC (PID)
RICH (PID)
Ecal
Super-conducting Solenoid

—_—

Tm




lThank you !
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Exclusive production of Lambda
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P(2.95 GeV)+ p—pKA pp — A + X: comparison to world data
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