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QCD Phase Diagram

PRL 135,142301(2025)
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* Phase diagram at high baryon density: phase transition, critical point

« QCD matter properties at high baryon density
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Nuclear Matter Equation of State (E0S)
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208Pb

( Neutron Star and NS Merge ) ( Static Properties of Nuclei) ( Heavy Ion Collisions )

T a
y s 2 o4 _N-P s

E(p.0) = Eo(p) _|_E51'111(f3)0 +0(07) =577 7
Symmetry Energy oz = g
- 2 3 SR 2 T
I‘LD £ — Lo JO 2 — Po i A =
Eo(p)=FEq(po)+ + LF T == -
o(p)Ealpo)t ( 300 6\ 3po g =
P — Po =
Esym(f)) ~ Esym(p[)) + Lsym (9—) iy
200 =
. 2 3 ' - 1

K sym [ P~ P0 J. sym [ P~ 0
T 2 3 * § 3
2P0 ] 2P0 B.ALi et al. Universe, 7, 182(2021)

Xionghong He PHD2025 (2025.10.16-2025.10.18)



Lanzhou Heavy lon Research Facility (HIRFL-CSR)

Beam:
C 1.1 GeV/u
U 0.5 GeV/u
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CEE: CSR External-target Experiment

ir CEE Spectrometer: i
i 1) Super-conducting Dipole Magnet i
i 2) Si-PIX Beam Monitor (BM) i
'3) Time Projection Chamber (TPC) i
'4) Multi-Wire Draft Chamber (MWDC) |
'5)  TO/Inner TOF (iTOF) |
'6) External TOF (eTOF) i
'7) Zero Degree Counter (ZDC) i
'8) Data Acquisition system (DAQ) i
i 9) Trigger system (Trigger) i
i 10) Clock system (Clock) i
i 11) Technical Support i

i 12) Slow Control (SC)
i Software: simulation and analysis

Supported by NSFC and CAS

Xionghong He

SC Magnet

ITOF

\! T

Beam Monitor TO PC

Key performance goals

® Ap/p: ~5%,At/t: <80ps
® Max. Rate: 10 kHz

® Proton acceptance: > 80%
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CEE Collaboration

China:
® Central China Normal University (CCNU)
® Fudan University (FDU)
® [nstitute of Modern Physics, CAS (IMP)
® Tsinghua University (THU)
® University of Science and Technology of China (USTC)
® Harbin Institute of Technology University (HIT)

Japan:
® Tsukuba University
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Super-Conducting Dipole Magnet

Quantity Performance Magnet design SC Magnet prototype
Central Field 05T
Uniform range 1200X 800X 900 mm?
Uniformity +2.5%
Current in operation 231 A

W /£
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Time Projection Chamber

AAAANA
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Quantity Design index TPC desian g@@@g
A Beam Test Result
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Multi Wire Drift Chamber

Quantity Design index MWDC design
Wire layer per module X, X’ , U, U | V. V N
Oy 300 pum
Energy resolution > 22%
Detection efficiency > 98%
Momentum resolution <5% e T

. G N
Hanging mechanics «——

Tracking in the forward angle

must |

MWDC_Evenl.GoodTrack.hit_emor [MWDC_Event.GoodTrack hit_num==68AMWDC_Evenl.GoodTrack layer_num==6}

€ C |
2
within Cr200  350MeV/u Kr—Fe Entries 16386
C Mean 0.01743
mag net 1000 I Beam Test RMS 0.2467
80~ Trajectory
C Residual o =~ 250um
600?
C ~250um
400_—
200;
0‘ TR | L
-3 -2 -1 0 1 2 3

residual/mm
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TO/Inner ToF

Particle identification and trigger iTOF based MRPC Design

Electronics Maturity Test

Quantity Design index TO/iTOF k , 4
or 50ps /50 ps
Efficiency >99% / >95%
Rate 1MHz / 10kHz
_ EfffHoneycomb board [ Tapibottom PCB lMylerkapton foil GlassE2] Middle PCB
| Beam test results TO: Scintillator + SiPM
mrpc-pad4-tdc .
€ st [ mrpo-padd-ide ¢ SIPM Array =16
o C Entries 520
30— | Mean 616
- Std Dev 112.8
- Underflow 0
25 | overflow 392
| %2/ ndf 4.915/9
20 | Constant 36.93 + 4.16
E | Mean 603.1+ 4.9 e
15i Sigma 53.3+3.7 S
1= _ ; = — 10f |a£%§
: ~ 0=37.5ps e
IToF t SiPM Array 16
_ _ _9566-1500-1060 500 0500 " 1'0%2;;1‘?}5:3% 2600
ITOF : covers 3 sides of TPC
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External ToF

MRPC readout

Quantity Design index eTOF MRPC configuration | |
B T A e
or 60 pS (FEE) hit (TDMD
A\ =y
Efficiency >050%p N |
Gas flow ﬁ%EE
Rate >10kHz Y | Il

3.2m

Mylar layer ~ Honeycomb ~ PCBwith  Graphite Glass ~ Nylonline  Stud Sealing
insulation readout strips  HV layer plates spacer frame

AN
Prototype time resolution -
BT hdT i 1Ry
ESS Entries 3033 1
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Zero Degree Counter

ZDC Parameters Design index ZDC Design ZDC Prototype

Energy Resolution < 15%

Detection Efficiency > 95% (MIPs)

Beam test result

energyHist_boradl_ch4
- Entries 81730
- Mean 107.2
— Std Dev 91.65
- c?/ ndf 983.9/496
B Coeff0 4.146e+04 + 2.663e+02
; Coeffl 1.163e+04 + 2.135e+02
L Coeff2 1.142e+04 + 3.131e+02
- MPV1 58.74 £ 0.08
- Sigmal 6.838 + 0.060
— MPV2 156.1+ 0.3
B Sigma2 10.03 +0.23
B po 1226 £ 157.4
| pl -2.273 £ 0.292

« Centrality definition
« Event plane reconstruction

'
L L L [ e 2 e "
0 100 200 300 400 500
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Beam Monitoring Detector

Prototype
BM Parameters Design index r=
Position resolution 50 pm
Time resolution 1ps
Volume 10x10x12 cm3

e ““mTOPMe-lélg'i"”%”“élgl"gl;T:gi"ng;';l)mm"""Im”“"mmm I »v Beam test resu It

h2_tot_1_280

High spatial resolution

« High time resolution

« High radiation tolerance
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Clock System

Provides high-quality timing reference

. . . 3.75
and ensures time synchronization
371
- Frequency: 40 MHz
3.65¢

- Period jitter: <10 ps RMS

Jitter (ps)
wW
D

Clock system block diagram 355
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Trigger System

IStri . . Beam test
Generates and distributes Trigger Electronics _Beamtest

event selection signals
Working mode:
 Normal (data taking)
« Laser mode

* Pulse mode
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Data Acquisition System (DAQ)

Collection, transmission, processing, assembly, and storage of scientific data
« Electronic channels: ~22,000

« Zero-suppressed data rate: ~4.4 Ghyte/s

 Eventrate: ~10kHz
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Slow Control

SC is based on the EPICS, preforms real-time monitoring of all

Experimental Physics and
detector parameters and operational status.

Industrial Control System
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Integration & Infrastructure

) CEE Control Room
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System Integration & Infrastructure

CEE Hall Layout Sub-detectors installation

Heat simulation

Other supporting:

® Accelerator upgrade (Done)

® Gas system (Done)

® Beam line optimization (Done)

® Background noise treatment (Done)
® Radiation control (Done)
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CEE Detector Without Magnet
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CeeROOQOT:. CEE Simulation & Analysis Software

FairROOT Platform (https://fairroot.gsi.de)
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https://gitee.com/CEESM/CeeRoot
https://fairroot.gsi.de/

Z [cm]

CE

E Simulation

 Track finder

Cellular Automaton (CA)

« Track fitting
Kalman filter (Genfit)
« Vertex fitting: RAVE

TPC tracking

Created Cell by CA

Target

Xionghong He

TPC dE/dx
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Beam Test: Fet+Fe@350 MeV/u (May 2024)

b3

UFQMD o ¥ T Tigger ID: 10271
Fe+Fe@350 MeV/u o €3

=3 fm)

P (GeV/c) -
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Vertex Reconstruction and Matching
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CEE

MWDC

iTOF
2025.7.14 19:43

Trigger ID: 3367 /\ i
Beam TO
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320 MeV/u 112Sn+Air (July 2025)

Background Background + Aluminium shielding => Al tube (He)
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High Intensity heavy-ion Accelerator Facility (HIAF)
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HIAF Construction Status

N e UH )
lon source

NN T RN

15E1
o HiEAY
: L S8 Ay
3 Bring vacuum level:7x10-?’mbar
5E-12 R . , ..
50 ] SAO 100 |Aﬁv 200 2;0 Jgﬂ 3;0 &&’ 450 ‘.“n 550 6&)
A1HER Kma2 i B3 43HE
| szmm | GEA) | 4BAR | () | 4B | (5

Xionghong He PHD2025 (2025.10.16-2025.10.18)



Summary

d CEE detection system installation was completed

N\ Decay Length "

O First physics run: 1.1 GeV/u C+C/Au (no magnet) is

—MC

W .
scheduled in next month T”
d CEE SC magnet needs 3~4 months 8 T hw
e

d CEE Spectrometer is expected to be in commissioning in T
/\ Invarlant mass
2026 with SC magnet (UU at 500 MeV/u)

1GeV/u C+C e rec
— MC truth

[_|bkg

p=1.115 GeV/c
6=0.001 GeV/c

d  HIAF allows us to explore more physics at high-baryon

density region
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