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中⽅负责⼈： 

中⽅主要参与单位 

• 华中师范⼤学


• 复旦⼤学


• 中国原⼦能科学研究院


• 中国科学技术⼤学


• 中国地质⼤学（武汉）

殷中宝


负责⼈ 

张晓明


⻢余刚


李笑梅


唐泽波


彭忻烨

M&OA⼈员：15⼈（占⽐3%） 
参加⼈员：99⼈（占⽐：5%）

年度ALICE合作组任职情况 

• 物理⼯作⼤组召集⼈：寿⻬烨、⽩晓智


• 物理分析组协调⼈：⽩晓智、裴骅


• 发⾔⼈提名委员会委员：周代翠


• 会议委员会委员：⽑亚显博⼠后短缺 – 受“⼈头费”限制



ALICE科学⽬标
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重⼤前沿科学问题 

• 宇宙初期（⼤爆炸后10-10秒）的物质形态


• 当今物质世界的深层次结构（<10-15⽶）


• 强相互作⽤在⾼温、⾼密多粒⼦体系中的
⾏为及性质

极端相对论重核碰撞：产⽣约太阳中⼼4
万倍的温度，通过实验室中的“⼩爆炸”，
模拟“⼤爆炸”后宇宙初期的物质形态

⼤爆炸后10-6秒的早期宇宙：夸克–胶⼦等离⼦体



ALICE科学⽬标
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• 强相互作⽤物质的产⽣及演化性质


➡重离⼦碰撞：强相互作⽤在⾼温⾼密、

多粒⼦体系中的⾏为特性


➡⼩系统碰撞：夸克物质的形成边界


• 极端强磁场与强涡旋场中粒⼦的产⽣特性
与QCD反常⾏为


• ⾼能量前沿的核物理研究：核结构与强核
⼒相互作⽤特性、奇特核态探寻


• 粒⼦物理相关研究：稀有粒⼦态衰变分⽀
⽐、QCD本底特性



ALICE第⼆代探测器
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第三期运⾏（2022 – mid 2026） 停机升级（mid 2026 – 2029） 第四期运⾏（2030–2033）

• 新⼀代硅像素顶点探测器


• 全新前向硅像素μ径迹探测器


• 快速集成触发系统


• 快读出电⼦学与连续读出技术


• 全新数据处理软、硬件平台

ALICE第⼆代探测器

⾼出第⼆期运⾏50–500倍的数据采集率

➡QCD特性和夸克物质性质的精确测量



ALICE中国组投⼊
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第三期运⾏（2022 – mid 2026） 停机升级（mid 2026 – 2029） 第四期运⾏（2030–2033）

ALICE第⼆代探测器
2016–2022 

• 硅像素探测器及数据处理系统研制


• 前向μ径迹探测器电⼦学⺟板研制


2000–2024 

• 新⼀代数据处理软、硬件平台开发


• 数据采集、探测器刻度与事件重建



ALICE第三期运⾏
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截⽌2024年11⽉ 

• 质⼦–质⼦碰撞：Lint = 75 pb-1, ⾼出第⼆期运⾏最⼩⽆偏事件数1000倍


• 铅核–铅核碰撞：Lint = 1.5×103 μb-1, ⾼出第⼆期运⾏最⼩⽆偏事件数40倍

质⼦–质⼦
铅核–铅核



年度研究进展
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2023年12⽉ – 2024年11⽉：ALICE发表⽂章47篇 

• 中国组主导发表⽂章9篇（其中Phys. Rev. Lett. 2篇）


➡占⽐：19%（⼈数占⽐5%，M&OA占⽐3%）


• 投稿⽂章12篇、内部审阅⽂章3篇


作HP、SQM、ICHEP等国际学术会议报告约30⼈次



TeV能区的喷注“淬⽕”
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• 发现铅核–铅核碰撞中低pT⼤分辨率参数反冲半单举喷注⾮共⾯性增强


• 提供了硬部分⼦在夸克物质中产⽣尾流⾏为的实验判据，以及对夸克
物质流体动⼒学性质的新实验限定

ALICE Phys. Rev. Lett. 133 (2024) 022301

ALICE Phys. Rev. C110 (2024) 014906 



铅核–铅核碰撞中J/ψ产额核压低
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重夸克偶素的离解：夸克物质的“温度计”

重夸克偶素的重组合：重夸
克热化⾃由度、强⼦化⾏为

• 从对⼼到半对⼼的铅核–铅核碰撞中J/ψ产额核压低的碰撞对⼼
度弱依赖 — 离解与重组合的“竞争”


• 中⼼快度核压低弱于前向 — 对重夸克热化⾃由度的新实验限定

ALICE Phys. Lett. B849 (2024) 138451



⾮瞬发J/ψ与D介⼦的产⽣
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b→J/ψ产额核压低 b→D0各向异性流

• ⾮瞬发J/ψ的显著产额核压低与⾮瞬发D0的显著各向异性流


• 质量更重的底夸克也经受了强能损且具有热化⾃由度

ALICE JHEP 2402 (2024) 066
ALICE Eur. Phys. J. C83 (2023) 1123
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Ultraperipheral collisions as photon-hadron 
collider 

• Ultraperipheral collisions (UPCs): ions pass each other 
at large impact parameters b ~ 𝜓(50 fm) >> RA+RB  → 
strong interactions suppressed → interaction via quasi-
real photons in Weizsäcker-Williams equivalent photon 
approximation, Budnev, Ginzburg, Meledin, Serbo, Phys. Rept. 15 (1975) 181

• Photon flux scales as Z2 and photon energy as 𝒪L → 𝒪𝒪, 𝒪p and 𝒪A interactions at high energies.  

• Pioneering studies of UPCs at RHIC, recent impetus 
at the LHC → W𝒪p=5 TeV, W𝒪A=700 GeV/A, W𝒪𝒪=4.2 ТeV.

• In UPCs, real photons are used as probes to study open questions of 
nucleus and proton structure (e.g., small-x PDFs) and strong interaction 
dynamics in QCD as well as to search for new physics. 

Figure credit: A. Stahl,  
LPCC CERN Seminar, 6.12.2022

06/12/2022CERN LPCC SeminarCMS

Final state kinematics directly map to:
● Photon energy:
● Bjorken-x of gluons:

Ultra-peripheral nuclear collisions: photon-nuclear interactions

5

Coherent production:
● Photon (ℏ/kL > 2R) couples coherently to whole nucleus.
● Vector Meson (VM) <pT> ~ 50 MeV.
● Target nucleus usually remains intact.

Incoherent production:
● Photon couples to part of nucleus.
● VM <pT> ~ 500 MeV.
● Target nucleus usually breaks.

Vector meson (e.g., J/Ψ) photoproduction directly probes gluonic structure 
of nucleus and nucleon.

5

At LO in pQCD, cross section ~ photon flux ⨂ [xG(x)]2 (gluon PDFs)

b≫RA+RB

Bertulani, Klein, Nystrand, Ann. Rev. Nucl. Part. Sci. 55 (2005) 271; Baltz et al, Phys. Rept. 458 (2008) 1; 
Contreras and Tapia-Takaki, Int. J. Mod. Phys. A 30 (2015) 1542012; Klein and Mäntysaari, Nature Rev. Phys. 1 
(2019) no.11, 662; Snowmass LoI, Klein et al, arXiv:2009.03838

Photon interactions in A+A

= +

Electromagnetic interaction
Photon-photon 

interactions
Photon-nucleus

interactions

V=r , Z  , f ,  J/\

z This large flux of quasi-real photons makes a hadron collider 
also a photon collider!
9 Photon-nucleus interactions: Vector meson
9 Photon-photon interactions: dileptons «

Ann. Rev. Nucl. 
Part. Sci.55:271
(2005)

ಎ高ෝ核ၑఱ会 ---查王ཽ

zStudied in ultra-peripheral collisions (UPC) to reject hadronic 
background.

22019ා6月24

Physics 
Today 70, 
10, 40 
(2017)

相⼲J/ψ的光⼦产⽣
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Vector meson photon-production 

3

z Vector meson production:
9 chargeless µPomeron exchange¶
9 Light meson production usually 

treated via vector meson 
dominance model:
r, direct p+p-, Z«.

9 Heavy meson production 
treated with pQCD:
J/\, \¶, U(1S), U(2S), U(3S)« 

z Sensitive to the gluon 
distribution:

ಎ高ෝ核ၑఱ会 ---查王ཽ

𝑥 =
𝑀𝑒±௬

𝑠
𝑄2 = 𝑀

2/4

2019ා6月24

EPJC 77 (2017) 163

PRD 93 (2016) 085037

Huge uncertainties!

Q2 =2.4 GeV2

• 偏⼼碰撞相⼲J/ψ在中⼼快度的产⽣对碰撞对⼼度的弱依赖


➡对碰撞初态核环境中胶⼦分布的新实验限定


➡暗示了光⼦发射源不与强相互作⽤⼲涉

ALICE arXiv:2409.11940

投稿Phys. Lett. B
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强磁场中的⼿征反常

14

重核碰撞初期产⽣极强
磁场与极⼤轨道⻆动量

局域⼿征荷涨落：
⼿征磁、⼿征磁波
与⼿征涡旋

• ⼿征磁波（CMW）强磁场中夸克物质内局域⼿征荷涨落诱
导的电四极矩⾏为 – 导致正–负电荷各向异性分布差异


• LHC能区CMW信号上限的最新实验限定：< 26% (95% CL)

ALICE JHEP 2312 (2023) 067



核环境中奇特核态的产⽣

15

500 1000 1500

|<0.5η|〉η/dchNd〈

0.1

0.2

0.3

0.4

0.5

0.6

H
e 

 
3

H
/ 

Λ3  

 = 420 keV (STAR)ΛCoal. B  43 keV (Ave.)± = 164 ΛCoal. B
 = 102 keV (ALICE)ΛCoal. B SHM

Pb−ALICE Pb
 = 5.02 TeVNNs

 = 2.76 TeVNNs

   B.R. = 0.25πHe + 3 →H 3
Λ 

Ru−Ru
Zr− Zr

Au−Au
U −  U

0.1

0.2

0.3

0.4

0.5

0.6

H
e 

3
H

/ 
Λ3  STAR

 = 200 GeVNNs

• 超核的产⽣：超⼦–核⼦（Y–N）相互作⽤


➡中⼦星状态⽅程、MNS > 2M⦿谜团


• LHC能区中Λ3H超核的产⽣符合重组合模型


• 再次佐证LHC能区Λ3H中Λ分离能BΛ与RHIC
能区存在差异
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超相对论核碰撞中的核结构
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宋慧超等，PRC109, L0519040
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ALICE arXiv:2409.04343 
投稿Phys. Lett. B

• 超相对论核碰撞 — 初态核结构的“快照”


• 对氙核结构的最新实验限定：弥散系数a0 = 0.492，形变参数β2 = 0.207



⼩系统碰撞中的集体关联
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ALI-PREL-543472
ALI-PREL-573662

• 质⼦–铅核碰撞中的⼆阶各向异性流参数：低pT的质量序列

性与中等pT的重⼦–介⼦分组⾏为 — 暗示了部分⼦相的贡献


• 超⻓程集体关联：压低核初态动量关联 — ⼩系统碰撞末态
集体⾏为源于部分相中的相互作⽤？



质⼦–铅核碰撞中重味强⼦的产⽣
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• 强⼦型⼩系统（质⼦–质⼦、质⼦–铅核）碰撞中粲夸
克强⼦化⾏为与正–负电⼦、电⼦–质⼦碰撞存在差异


• 瞬发与⾮瞬发粲重⼦–介⼦⽐：暗示强⼦型⼩系统碰撞
中粲、底夸克具有相同的强⼦化⾏为

ALICE arXiv:2405.14571 
投稿Eur. Phys. J. C

ALICE arXiv:2407.10593 
投稿JHEP



低多重数质⼦–质⼦碰撞中的⻓程关联
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• 发现相同事件多重数下强⼦型⼩系统碰撞中的⻓
程关联相较于正–负电⼦对撞的显著增强


• 两类碰撞系统末态粒⼦的产⽣⾏为具有本质差异

ALICE Phys. Rev. Lett. 132 (2024) 172302



奇异粲重⼦衰变分⽀⽐的实验限定
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• 对Ξc0半轻⼦与强⼦衰变分⽀⽐的当前最

精确实验观测

X0
c and X+

c production in pp collisions at
p

s = 13 TeV ALICE Collaboration

The X0
c measurements in the two decay channels agree within statistical and uncorrelated systematic

uncertainties [49]. The results from the two decay channels were combined to obtain a more precise
measurement of the prompt pT-differential X0

c-baryon cross section. The tracking and feed-down sys-
tematic uncertainties were propagated as correlated between the two measurements. Figure 1 shows the
average of the cross sections, computed considering as weights the inverse square of the relative statisti-
cal and pT-uncorrelated systematic uncertainties [53]. The prompt X+

c -baryon cross section, also shown
in Fig 1, is compatible within the uncertainties with the X0

c measurement.
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Figure 1: Cross sections of prompt X0
c (full circles) and X+

c (open circles) baryons as a function of pT in pp
collisions at

p
s = 13 TeV. The error bars and empty boxes represent the statistical and systematic uncertainties,

respectively. The systematic uncertainties on the BR are shown as shaded boxes.

The pT-integrated cross sections in the measured pT interval for the Xc are dsX0
c

pp, 13 TeV/dy
��(1<pT<12 GeV/c)
|y|<0.5 =

149.2±20.7 (stat)±35.5 (syst)±2.4 (lumi) µb and dsX+
c

pp, 13 TeV/dy
��(4<pT<12 GeV/c)
|y|<0.5 = 14.9±2.0 (stat)±

6.6 (syst)± 0.2 (lumi) µb. In calculating the pT-integrated cross section and the ratio of the branch-
ing fractions, the systematic uncertainty related to unfolding, for the X0

c ! X�e+ne, was considered
as pT uncorrelated and the other uncertainties as fully pT correlated. For the hadronic decay chan-
nels, the uncertainty related to the raw-yield extraction was considered pT uncorrelated, because the
signal-over-background ratio is observed to largely vary as a function of pT, while the others as fully
pT correlated. The pT-integrated X0

c cross section at midrapidity was obtained by extrapolating the
visible cross section to the full pT range. The pT dependence of the Catania model [28], which bet-
ter describes the shape of the measured cross section with respect to other model calculations as seen
in Fig. 2, was used to calculate the extrapolation factor, which is 1.29+0.12

�0.08. The systematic uncer-
tainty was estimated considering calculations [22, 23, 27] that describe the shape of the cross section
in the measured pT interval. The pT-extrapolated cross section for the X0

c is dsX0
c

pp, 13 TeV/dy
��
|y|<0.5 =

193.1 ± 26.8 (stat) ± 46.0 (syst) ± 3.1 (lumi) +17.6
�11.9 (extrap) µb.

The measurement of the X0
c-baryon cross sections, not corrected by the BRs, in the two different decay

channels allowed the computation of the BR(X0
c ! X�e+ne)/BR(X0

c ! X�p+) ratio. The pT-dependent
ratio of the two measurements, which was observed to be flat in pT [49], was averaged over pT using
the inverse uncorrelated relative uncertainties as weights [53]. The final systematic uncertainty on the
ratio was obtained by summing in quadrature the pT-correlated and uncorrelated systematic uncertain-
ties. The measured ratio is BR(X0

c ! X�e+ne)/BR(X0
c ! X�p+) = 1.38± 0.14 (stat)± 0.22 (syst).

The result is consistent with the global average reported by the PDG (1.3± 0.8) [30] and has a total
uncertainty reduced by a factor of 3. The result is also consistent with the one released by the Belle
Collaboration [54].

5

ALICE Phys. Rev. Lett. 127 (2021) 272001

• 对Ωc0半轻⼦与强⼦衰变分⽀⽐的最新实验

观测 — 与CLEO和Belle的中⼼值存在差异

ALICE Phys. Rev. D110 (2024) 032014



ALICE第三期运⾏: 粲强⼦的产⽣
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ALI-PREL-571544

4 5 6 7 8 10 20 30 40 210
)c (GeV/

T
p

0.2

0.3

0.4

0.5

0.6

0.7

0
0

ρ

 = 13 TeVs
+ D*Æc 
+ D*Æb 

 = 13.6 TeVs
+ D*Æc 
+ D*Æb 

PYTHIA 8 + EVTGEN
+ D*Æc 
+ D*Æb 

ALICE Preliminary

Helicity frame

 = 13.6 TeVspp, 

| < 0.8y|

ALI−PREL−578435

• 暗示了奇异粲重⼦的产⽣可能具有⾃旋依赖性


• 质⼦–质⼦碰撞中D*+的⾃旋排列 — 重核碰撞的参考基准



ALICE第三期运⾏: 粲夸克偶素的产⽣
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• ALICE第三期运⾏：更⼤数据统计量与更⾼观测精度


➡重夸克偶素的产⽣特性的深⼊研究



中国ALICE⼆级计算⽹格节点
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中国ALICE⼆级
计算⽹格节点

• 由中科院⾼能所托管


• 当前规模：800个独⽴计算核⼼、1 PB存储容量


• 规划规模：1000个独⽴计算核⼼、2 PB存储容量



ALICE探测器升级
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第三期运⾏（2022 – mid 2026） 停机升级（mid 2026 – 2029） 第四期运⾏（2030–2033）

ALICE探测器 v2 ALICE探测器 v2.1

The 3rd generation inner 
tracking system (ITS3)

Forward calorimeter (FoCal)

详⻅殷中宝报告：11⽉17⽇，9:45–10:10



ALICE第三代探测器
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Hard Probes 2023                                                                                                                   28/3/20234

arXiv:2211.02491 ; CERN-LHCC-2022-009 ; LHCC-I-038 ; LHCC-I-038

ALICE 3 integrated luminosi@es: 

ℒppmonth ~ 0.5 W-1 and ℒppRun5+6 ~ 18 W-1 

ℒPb-Pbmonth ~ 5.6 nb-1 and ℒPb-PbRun5+6 ~ 33.6 nb-1  

Op1ons for pA collisions and lighter AA system 
with higher ℒNN under study

The ALICE 3 experiment

ALICE arXiv:2211.02491

LHC Run 3, 4 and beyond

Ø Higher data taking rate and upgraded TPC and ITS

Ø Direct reconstruction of beauty mesons and baryons

Ø Measurement of charm and beauty cross section and  
fragmentation fractions from pp to Pb–Pb

Ø Reconstruction of complex decays like Ξ77++

Ø Better constraints to theoretical models of the strongly 
interacting medium and hadronisation

Outlook

21

LoI ALICE 3: arXiv:2211.02491

25

➡ Scan from pp to AA collisions needed 
➡ ALICE3 is the ideal detector for acceptance 

and purity for the heavy flavour signal 
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➡Assumption of a Tcc as molecular state and a scattering length 
for DD 
➡   fm a0 = − 7.16 + i1.85

详⻅殷中宝报告：11⽉17⽇，9:45–10:10
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