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AuAu MB x10*
AuAu 0-20% x102
AuAu 20-40% x10

p+p

P, (GeVic)

ALI-PUB-97880

Pb-Pb \s,, = 2.76 TeV

[e] 0-20% ALICE — PDF: CTEQ6M5, FF: GRV
[¢]20-40% ALICE - - (n)PDF: CTEQ6.1M/EPS09,
[+]40-80% ALICE FF: BFG2

JETPHOX

PDF: CT10, FF: BFG2
nPDF: EPS09, FF: BFG2
(all scaled by N
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Pb-Pb 2.76 TeV, 0-2% central

2<p <2.5GeV/c
1.5< p: <2 GeV/c

0.8<IAnl<1.8

A¢ [rad] ALICE, PLB, 708,

filled: STAR prelim.
open: PHENIX

ATLAS 30-40%, EP

Narrow: Tgyireh = 0.4 fm/c
wide: Tgyiich = 0.2 fm/c
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CMS (QM2012)

2 CMS (* preliminary) PbesNN =2.76 TeV

1 W *Z (0-100%) P, > 20 Gevie
E¥— W (0-100%) p! > 25 GeVic
—@— lIsolated photon (0-10%)

- b-quarks (0-100%)
(via secondary J/y)

1.8 IL dt = 7-150 ub”

=@ *aqlg-jet (0-5%) I|<2
B *b-jet (0-100%) |<2

E&= charged particles (0-5%)

80 100 100 150 250 300

200
jet P, (GeV)

40 60
p,(m,) (GeV)

m==ye==  Pb+Pb 0-5%, 5(global)=0.3%
s=—g===  Au+Au 0-5%, 5(global)=1.0%
——=—— Pb+Pb 70-80%, 5(global)=0.7%
=—4&—— Au+Au 70-80%, 5(global)=2.9%

GLV—CUJET
HT-BW
HT-M
McGill—AMY
MARTINI

u+Au at 0.2 TeV,

/T (DIS)  _Pb+Pb at 2.76 TeV,

02 025 03 035 04 045 0S5
T (GeV)




CMS Preliminary 0-100%
PbPb\[s\ = 2.76 TeV
Inclusive JAy — p*y’, Pb-Pb |s,, =2.76 TeV and Au-Au |s,, =0.2 TeV
B ALICE, 2.5<y<4, 0-20% global syst.= + 8% Inclusive y(2S) (6.5 < < 30 Gevic, [y| < 1.6)
PHENIX, 1.2<lyl<2.2, 0-20% lobal .= %
12dyl22,020%  global syst. = = 10% Y(3S) (ly| < 2.4), 95% upper limit

T(2S) (lyl < 2.4)
prompt J/y (6.5 < p, < 30 GeVlc, |y| <2.4)

T(1S) (lyl <2.4)
Y(1S)

.J/w

Y(29)
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Binding energy [GeV]
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—h— 624 GeV AutAu
—¥— 39GeV

oy STAR preliminary .
—S— 17.3 GeV In+In

Loy . l Theory lifetime:
I == 200 GeV --193GeV
=624 GeV =39 GeV
=27GeV  =19.6 GeV

173 GeV

lifetime (fm/c)

10°
dN,/dy  STAR, QM2015

dN2C/dM,, [ (GeV/c?) ]

evt
mb

1/N

- 105 etey - o—e'e(n) 19.6 GeV x 0.002
- n—e'ey — Cocktail w/o p 27 GeV x 0.03

~ cc—>D/A—>e'e” — QGP 39 GeV x 2

“ o —e'ey - in-Medium 62.4 GeV x 25

“ o —e'e’(n) -~ Cocktail + Model 200 GeV x 200

BES: STAR Preliminary
200 GeV: PRL 113 022301

1.5 2 25
dielectron invariant mass, M., (GeV/c?)
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LHC & RHIC
T RHICK D SRE. SFE. @FhdD U+ —¥E (LHC)
o J\=FYODIRILF—IEK(~200GeV)
TR E DT & B8R DEMESD, n/s~0.2 at LHC, 0.12 at RHIC
{EEENS DJ/YDUNEIEK at LHC, BiEE:812
Y OEl. HS—EBEIR
INEWRTOEDES)

« RHIC & SPS

JIWDHF(SPS). AL VI RRIBK
Rap > 1 at Vs, < 30 GeV

L7 kU DUNEBE

RIS ETILDRIN, RIERE. (ELF2RT VY vILDRE
ESE, BRRVPIRBERZOIME>ERZRW

Lig

CFL

Gas Cold quark matter

Neutron stars M

Nuclear superfluid/ 310 |
superconductor MeV lllustration: Alan Stonebraker
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approximate range of by LHC
maximal initial temperatures
probed by RHIC

LHC-ALICE (ALICE upgrade) (~20307?)

3
o & RHIC-PHENIX (sPHENIX, STAR) (~20257)
s 2
1
(T
0 01 02 03 04 05 06 07 BES-Il by RHIC-STAR (2018-2019)
T(GeV] (3-5, 7.7 - 19.6 GeV)
0 pACD [G = a, T’
“; 9;— SYM[a“\avaTS]
2 sb | —— HTL [§ < o, T log(1/T)]
o F ——— Scenario LIl [§=1.25 T¥/(1/s)]
Scenario I, Il x 10 [§= (1.25 T*/(n/s))]
K (a.u.) (Liao & Shuryak) i
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ALICE upgrade (2021~)

New Inner Tracking System (ITS) Muon Forward Tracker (MFT)
* improved pointing precision * new Si pixel tracker

* less material \ \ - LEKXF

MUON ARM

Time Projection Chamber (TPC) ) \ oo
* new GEM technology : AN readout
e continuous readout N -- electronics

* faster readout electronics

« RA. RIGHEIX

Data Acquisition (DAQ)
* New architecture
* online tracking
* data compression
« RIGFEBIR, |/X
. Tier2 (3%)

TOF, TRD .l"/ -Aby St. Rossegger
FOCAL (not yet official) * Faster readout New Trigger Detectors (FIT)

- TR

B4R : 50kHzDPb-PbERZ S TECH#k (5D 1001E)
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PbPb @ |5, =5.5 TeV

I 0-10%, 2.5E7 events

ly | <084
| p;>02Gevic

dN/dM [dimuons per 10 MeV/c?]

Sum
—— Rapp in-medium SF
~— Rapp QGP
——— cocktail w/o p (+ 10%)
~—— ¢C —» ee (+ 20%)
—4— 2.5E7 'measured’

«10° MUONonly : 1.0 < pllu < 10.0 GeV/c

= Expmasm_ml._=|onb"
——— Cocktall without p

—— Tup

——— Rapp QGP

——— Rapp in-medium SF

Mass [GeV/c?]

PbPb @ m =55TeV gl‘pl'lp in-medium SF
" 0 - 10%, 2.5E9 events Rapp QGP
s ly <084 — ec_x:lmll w/o p (= 10%)
| p>0.2Gevic €T —~ee (= 20%)
—+— 2.5E9 'measured’
Syst. err. bkg. (= 0.25%)

dN/dM [dimuons per 10 MeV/c?]

+10° MUON + MFT : 1.0 < p!" < 10.0 GeV/c

== zxmsm.ml._ﬂom"
——— Cocktall without p

—— Tpup

——— RappQGP

——— Rapp in-medium SF

Mass [GeV/c?]

Rapp Sum
—— Rapp in-medium SF
Rapp QGP
—#— 2.5E9 'meas.’ - cT - cockt.
yst. err. bkg.
[ Syst. err. cT + cocktail

PbPb @\[Syy = 5.5 TeV

06 08 1 12 14
M, (GeV/c?)




17
ITS & M FT CERN-LHCC-2013-024
CERN-LHCC-2015-001
ITS inner layers 1S: PREEO7MO Y I E LIRS
SOA—DVDRERBEDE@ L
o 12.5 Gpxls 28x28um?/pxl
«  Area: ~10m2
* Inner: 3 layers (0.3%X,)
« Outer: 2+2 layers (1%X)
« AccC:|n| =122
* Rate < 100kHz
* rcoverage: 22 - 430 mm
MFT : ﬁuﬁ”ﬁﬂw)slﬁwzu JIVEO LIRSS
Sa- #/&&%ﬁ@%k%k
s Za—AVDEFENFEEDME L
- BBUA—DHIE
- ISEEUTF2/0Y—

ITS outer layers

CMOS Pixel Sensor using TowerJazz 0.18um NWELL TRA“L“Q?SSTOR oS
process /

« Chipsize: 15mm x 30mm PWELL /J\ NWELL
« Pixel pitch ~ 30 um, size 28x28um? e
« Spatial resolution ~ &5 um =

* Integration time: ~4us

« Power density : 40 mW/cm?2

» 20-40um thickness high resistivity p-type
epitaxial layer

o 2-4 um small n-well diode

Epitaxial Layer P-

Substrate P++




TR
S5Ccm x 3cm
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. ~5-  0.25e13 1 MeV n,/cm? —-— —=—  0.25e13 1 MeV n,/cm?
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HV electrode (100 kV)

field cage

readout chamber

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693

particle track

gating grid




Typical data taking with TPC in RUN1: Low luminosity Pb-Pb collisions

—

Drift time in  Gated wire grid
TPC. Gated must stay closed,
grid open  no event readout

Typical data taking with TPC in RUN3: High luminosity Pb-Pb collisions

Drift time in
TPC

*  Maximum drift time of electrons in TPC: ~ 100us
» Average event spacing: ~20us
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G EM - T P C U Qg rd d @  CERN-LHCC-2013-020

CERN-LHCC-2015-002

& TPCOIBIEER: Wire>GEMICZE S
ABDGEM. S-LP-LP-SDEK
IBF<1%% &R L. Gating GridZx LD
ﬁﬁﬁk%”5oﬂ%tt#774 Y CHIETED)

s J
- UcendYsens=0-8 Ucend Yeens=0-95

a“ ‘ B, ; 18 i UGEP'2=235 v UGE)'2=235 A
Standard GEM (S) s I e T ]
2 ¥ Y F o Ug,720 YV U, 5280V |
——U,,,=285V  —o—U_ =285V |
(S) GEM 1 — E“""
(LP) GEM 2 — ET' 7
(LP) GEM 8~ — :
(S) GEM 4 —  — E“ S-L P-LP-S
Pad plane

Strong backl

2.5 3.0
IBF (%)
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2mm

R/Amru{s)zuodndtgm %Sr to measure IBF

Mid GEM

Transfer < 3.0 kV/cm

Induction ~0.1 kV/cm

MMGAS (From RD-51)

Strip readout

4

<« *» @ A% & o000 O

l Ground
FLUKE 189

GEM1 scan (at Yale)
Et1 scan (at Yale)
GEMT1 scan

Et1 scan
GEM2-MM scan (V__ =220V)

GEM2-MM scan (v:::=230w
GEM2-MM scan (V" '=240V)
GEM2-MM scan (V°"'=250v)
GEM1-GEM2 scan (¥, =420V)
GEM1-GEM2 scan (V) =440V)
GEM1-GEM2 scan (V,,=460V)
GEM1-GEM2 scan (V. =465V)
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& GEMORLERE = 5768 900#%ZCERN TRIEFE
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GEM-TPCO OV IV

CERN-LHCC-2013-020

& SAMPATF v JZRE CERN-LHCC-2013-019

Pos/Neg. Polarity

Continuous/triggered readout

SAR ADC (10 or 20 MSPS)

DSP (baseline filter, zero suppression, lossless compression)
Interface with GBT chip (rad hard optical link. 4.8Gbps)

® MPWI1(2014), MPW2 (2015)

SAMPA ' S-LP-LP-Sttw kP v . FefRR

558 MH.

Trgeer ‘ot Buffer H Elink~—-{[11

|
|
|
1
|
|
|
|
|
==
= : | Shaper Lob| P Buffer Elink<—>[]:
1 A - ADC DSP [PrBuffer Elink<:—>[]|
gl : . + /_\ 10MSPS || FrBuffer H Elink<._>|:|:
1 . Conts 2o H
| 1l
|
|
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ALICE common backend system

CERN-LHCC-2013-019
# CRU (Common Readout Unif)

2TDRBB TNV oIV REHLEL
220V IV REEEDONIINe farm& Dinterface

S EBEDFPGA(ALTERA Arria 10)Z{#R, &Lz D
HHEDBWVIEFPGAD 7 7 — A T 7 TRIR

LHCb®DPCI40MN—2

|' i
'.,..
[_E&
L3
w 4
|"[
1
N
L]

CRU

LTU — TTS

: < Detector
24 GBT Specific

Links L°g|c PCle Interface < —T> FLP

PCle

DCS



1TB/s
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> 50-100GB/s > 10-20GB/s

~ 2500 DDL links in total
DDL3

> ITS
DDL3
I TPC 10 Gb/s
DDL3
TRD
DDL2
> TOF
DDL2
EMC 7
DDL2
PHO a
DDL3
> MCH,MID,MFT
1
HMP D?J-
DDL1
ACO /J-
DDL2
FIT a
DDL3
> ZDC -
DDL3
> CTP

| Trigger Detectors |

~ 250 FLPs ~ 1250 EPNs
First Level Processors Event Processing nodes




ALFA = ALICE-

\ N

' CPU-core -
' or Equivalent
| GPU, FPGA ...
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"> 602000
300 GB/s | '\CPUzcore -
20M Evt/s ¥ or Equivalent "70
&,

N

vy
CERNopenlab

<

/' Data
e Input

~\ / Process ‘ ‘ Process V‘
)\

Abstract overview:
ALFA and FairMQ

by

~ Process | N VProcessr“d

A FairMmQ

MQ
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FOCAL

ALICEZ v 70 L — RED5HE (1R51D)
BIAAMBICANRD ROX—5YDE%

Small-xDE
RS, BMEIE e

SiPixel SiPixel

o BIRILE—KF/mODE

W+SiH Y R wFHOU X—5
¢ EOTILEB(1mm2)E)Cy RE(1cm?) WS/ Sy KRB

||u|“||||||||||||||||| e

tungsten layers
=3.5mm thickness

&

o

low granularity
pad-layers =1 cm2,
longitudinally summed read-out boards

in segments for pad segments

high granularity pixel-layers
effectively =1mm<,
likely using MAPS
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RHICDS

https://drupal.star.onl.gov/STAR/files/BES _WPIl veré.9 Cover.pdf

® BES-Il by STAR (2018-2019)
&5 Enu%a*m\\ QCD*Q*% G)}*i
@ sy = (EEEE—K)-7.7-19.6 GeV

® sPHENIX (2020-2021)
® YzwvhkEYRECHFILUREFHTUWLWESR
IP=7E@>1) Y or4E@>') >V +TPC

STAR Fixed Target Program

Outer HCal

Place fixed Solenoid
target here
Inner HCal
EMCal
ZD(
IP

- | Fixed Target Program
e Energies (GeV) extends STAR'’s physics
ixed Target Vs, (GeV) reach to region of
compressed baryonic
matter

| —- v -
e =) i D r -y
— oo 1 — " — % ~' —— po—
I\ i | T 7
Vo | Y
Al Bearf) Pipe 4.0 cm diameter
:‘ Be Beam Pipe
od 5 | 7.7 115[ 15 [19.6
F 25|30]35]|40]45
ixed Tar 775|720 | 670 | 625 | 585
"
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1

density ‘

10
Collision energy Vsyy [GeV]
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Counts / 4 MeV/c?

B AVEEICELD/I\KOY - .
ARLYVIRZAYE

¢ TXYVFvO/I\ROVOER
IRE. BFENFH. 70— — gitd or hEld (RERES)
Fv—AL, IREA (XYZ [CMS/LHCDB], P+ [LHCDb])
e+‘ HO' QQ‘ kOOﬂiC nUClei A. Andronic, Phys. Lett. B 697 (2011) 203

o (}i)} \’r} (,_$y< g:"; A Pb-PD |5y,,=2.76 TeV
e /\UAVEIEEER 2 f et mosel, 116y 1

107 — E

F An ]
2 —
% YN, YY7& & D1ERIRA%K vy
3 ; ]
STAR Phys. Rev. Lett. 114, 022301 107 E
70000~ 4l 34 .
ALICE Upgrade g 10 5 A
i Pb-Pb TeV 7 10° E ]
-Pb, \s\=55Te : aaiee ? ?
50000 Centrality 0-10 % /e_._.l_e—;—% 5 F = ]
Integrated luminosity : 10 nb 10- E [ — He
40000z F “H 4He . 1
107 anH E
30000 E :
20000 sidual
osl / LL with residual State dN/dy [81] B.R. (Acc x e) Yield
10000f- 2 < Py < 10 GeVic o RH 1x107*  25%([82]  11% 44000
ot AH - He+ = L L 2H  2x1077  50% [82] 7% 110
96 298 3 302 3.04 3.06 0 0.1 0.2 0.3 os (Gev,c‘;-f’ iHe 2x1077  32% [83] 8 % 130

Invariant Mass(®*He, ) (GeV/c?)



CERN Press Release Binding energy difference

Nature Physics (2015) , Ag . =ZAm_ +(A-Z)Am_ —Am -

doi:10.1038/nphys3432 2 EES Gl E e e &

= [0.94+0.5(stat.) & 1.4(syst.)] x 10~ 8—‘“ = —0.0440.05 (stat.) +0.12 (syst.)
d

Algg
Aty Absporte
% = [~1.240.9(stat) & 1.0(syst)] x 107 | =2HERE — 0.2450.16 (stat.) 0.18 (syst.)
He 3He

-@- ALICE
=== CPT prediction

[

SETORE
'y
al

3 _
-0.002 -0.001 0 0.001 0.002 He He
A(m/Izl)/(m/1zl)

*He-*He ¢
—a—— ANT71
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@

—©—— DOR65
——5—— MAS65

-0.1 -0.05 O 0.05 01
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Prompt D% and Non-prompt J/(p Ryu Prompt and non-prompt D° v,

0.05

]
u ] :

2 S I I I LI I B & 04T
T 418~ Pb- =55TeV g |
1.8--ALICE Upgrade  Pb Pb,\_‘}sNN §.5 eV - 0.350 Pb-Pb, \s\=5.5 TeV
1.6F L, =10 nb", centrality 0-10% - 0 - ALICE . ]
: : D Vs (n OW) o.af. e Centrality 30-50%
1 4:_ Do—) K.ﬂ" _: . ' E 0 - L = Io nb.| E
2 -+ Non-prompt J/wy— e*e” ALICE ] oo (5276 TeV] - D'— Kn* nt E
= _ 020% 1 2—+ 4+ HArsRMANGE — ] 0.25} ]
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Current, 0.1nb™! Upgrade, 10nb~!

Observable pipn statistical pipn statistical
(GeV/c) uncertainty (GeV/e) uncertainty
Heavy Flavour
D meson Raa 1 10% 0 0.3%
Ds meson Raa 4 15% <2 3%
D meson from B R 3 30% 2 1%
J /1 from B R 1.5 15% (pp-ime.) 1 5%
B™ yield not accessible 3 10%
A. Raa not accessible 2 15%
A./D ratio not accessible 2 15%
Ay yield not accessible 7 20 %
D meson vy (vy =0.2) 1 10% 0 0.2%
D, meson v, (v = 0.2) not accessible <2 8%
D from B vz (v2 = 0.05) not accessible 2 8 %
J /¢ from B vy (vy = 0.05) not accessible 1 60 %
A. vy (vg = 0.15) not accessible 3 20 %
Dielectrons
Temperature (intermediate mass) not accessible 10%
Elliptic flow (v2 = 0.1) [4] not accessible 10%
Low-mass spectral function [4] not accessible 0.3 20%
Hypernuclei

3H yield 2 18% 2 1.7%
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1 AVEHRICESD/\EO

ALYVIRAYE

@ IN=E. EEENH. 20—DAIE > gfds or hFtE?
kA > LHC

HC Q Q. kaonic nuclei

Pt (>J/p+P)
R2R > LHC, J-PARC

(]
@ (*
©¢
< ©
¢ Fv—A
N\
g ¢
©c S0 & 7(4330)*
C ( © 0 N\
C p » @4
\)
Lo @ RAMLYVY
“©€¢ €
= ¢ C +
& 0O
RHIC LHC
2q/3q/6q 1q/5q/8q Mol. Stat. 2q/3q/6q | 4q/5q/8q Mol. Stat.
Mesons
fo(980) [3.8, 0.73(s5)|  0.10 13 5.6 10, 2.0 (s5)|  0.28 36 15
a0(980) 11 0.31 A0 17 31 0.83 1.1 % 10? 16
K (1460) 0.59 3.6 1.3 1.6 9.3 3.2
Ds(2317) | 1.3 x 1072 |21 x 1073 1.6 x 1072 [5.6 x 1072| 8.7 x 1072 |1.4 x 1072 0.10 0.35
TL D 4.0x107°|24 x107° |43 x 1074 6.6 x 1074 41 x107* |71 x 1073
X(3872) | 1.0x107% [4.0x 107°[7.8 x 107% (2.9 x 107*| 1.7 x 1072 [6.6 x 10*| 1.3 x 1072 |4.7 x 1073
7 (4430)Y 1.3 % 107°]2.0 x 107° |1.4 x 1072 2.1 %1074 3.4 x107* |24 x 107*
5 " 6.1x107%1.8 x 1077 6.9 x 1077 6.1x107% 1.9x107° 6.8 x 107°
Baryons
A(1405) 0.81 0.11 1.8-8.3 1.7 2.2 0.29 1.7-21 1.2
SR 2.9 %1072 1 78 %1072 2.3
KKN T 1.9 x 1072 1.7 0.28 52 %1072 .2 0.67
DN T 2.9 x 107346 x 1072 |1.0 x 1072 2.0 x 1072 0.28 6.1 x 1072
D*N P 71 x 1074 4.5 x 1072 1.0 x 1072 1.7 x 107° 0.27 6.2 x 1072
O P 5.9 x 1074 72x1073 3.9 %1073 1.5 x 1072
BN P 1.9 x 107°]8.0 x 107" 3.9 x 107° 77 %1074 28 x 1073 |14 x 1073
B*N P 53x 1079112 x 107 6.6 x 107° 21 x107% 44 x 1073 |24 x 1073
Dibaryons
HP 3.0x 1073 1.6 x 1072 1.3 x 107%[8.2 x 107 3.8x 1072 [3.2x 1072
KNN® | 50x1073 [5.1 x 107*]0.011-0.24{1.6 x 1072 | 1.3 x 1072 | 1.4 x 107%[0.026 — 0.54|3.7 x 1072
Qb 3.2x 1077 1.5 x 107° 6.4 x 107°| 8.6 x 10~ 44x107° |19 x 1074
HXTY | 30x107* 3.3x107*[7.5 x 107*{ 2.0 x 107* 1.9 % 107% |42 x 1073
DNN D 29x 1077 1.8 x 107% 7.9 x 10~° 2.0x 107 9.8 x107% [42 x 107*
BNN P 23x1077[1.2x107% (2.4 x 1077 9.2x107° 3.7x107° |7.6 x 10°°

arXiv:1107.1302
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X(3872)->7 1)/ ¥

2300

D((2317) -> D, 7t (br=10%{R)

100

D*p ->D p (br=10%1x)

100

6500
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