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1. First ion accelerator at relativistic beam energies
- BEVALAC: BEVATRON+HILAC (1971-1993)
- Used a very similar language as we are using nowadays
- Found several phenomena that we are investigating nowadays
(Flow, meson production, EoS, etc.)

2. First heavy-ion accelerator at relativistic beam energies
SIS (1990-present)

Accelerate truly heavy beams up to Pb

Measured subthreshold particle production

Precise and systematic investigation

3. First heavy-ion accelerator at ultra-relativistic beam energies

AGS and SPS (1986-present)
Opened the meson dominant region
Found several abnormal nuclear effects

(Strangeness enhancement, Dileption enhancement in low &
intermediate mass regions, J/\y suppression, etc.)

Motivated new accelerators that | will discuss in this talk
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Purpose of Relativistic Heavy-lon Collisions
Production of new kinds of matter

Discovery and systematic investigation of nuclear effects on

the fundamental interaction, in particular QCD
Understanding the primordial state of the universe and
astronomical objects like neutron star
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High-Temperature QGP

(ALICE, ATLAS & CMS at LHC)



AGS SPS RHIC LHC

Vs (GeV) 5 20 200 5500
Increasing Factor X4 x10 X28
y range +1.6 +3.0 +5.3 +8.6

B LHC energies are far exceeding the range of previous

heavy-ion accelerators
- Extended kinematic reach for pp, pA, and AA collisions
- New properties of the initial state and saturation at mid-rapidity
- A hotter, denser, and longer lived partonic matter
- Increased cross sections and availability of new hard probes

B New energy regime will open a new window on hot and
dense QCD matter physics: another large energy jump!
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= RHIC first opened
the low-x region for
new physics (CGC?)

= | HC will lower the
low x-reach by
another factor 30

= | owest x at LHC
- ~3x10°%inpp
- ~10~° in PbPb
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ALICE Detector

ACORDE

ABSORBER
TRACKING
CHAMBERS
MUON
FILTER

ZDC
~116m from I.P,

| TRIGGER

| HAMBER
ZDC

S ~116m from I.P,

— —~\’~\ ~

Size: 16 x 26 meters
Weight: 10,000 tonnes




ATLAS Detector

An Excellent Calorimetry
A large acceptance Inner Tracker
A hermetic Muon Spectrometer

Muon Detectors Electromagnetic Calorimeters
\
n\ |\‘

L \\ Forward Calorimeters
Solenoid \\

\ '\ /
/ End Cap Toroid

i Inner Detector . ieldi
Barmel Toroid Hadronic Calorimeters Shieiding 11



SUPERCONDUCTING ECAL HCAL
COILS PbWO, Crystals Cu-Scintillator
Sampling

IRON YOKE

TRACKER
Si Pixels & Strips
Ap/p =1-2%
Occupancy < 2%
for central Pb+Pb

MUON BARREL

Drift Tubes & RPCs

=50 'V'eV2 MUON ENDCAPS
at10 Gevic Cathode Strip Chambers &
Resistive Plate Chambers (RPCs)

Total weight : 12,500 t

Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

KOREA

UNIVERSITY

Forward Detectors

CASTOR

TOTEM

Collar
shielding

ZDC
(z = £140 m)

EM

Beams
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ATLAS

Hadronic Tci'l.gxoj ﬁn FCAL Inner Det. (|n|<2,5)
. ECAL (In|<3.2)
0.1x0.1 = 0.2x0.2 HCAL (|n|<3.2)
0.1x0.1 HF (3.2<|n|<5)
Muon (|n|<2.7)
Lucid (5.5<|n|<6)
: . ZDC (|n|>8)
g Inner Detector E
9 8 7 6 5 -4 -3 2 -1 0 1 2 3 4 5 6 7 8 9
i
CMS
Inner detector Inner Det. (|n|<2.5)
ECAL, PbWO4 ECAL (In|<3)
0.0174x0.0174 HCAL (|n|<3)
_ : ' HF (3<|n|<5)
HCAL (sampling) Muon (|n|<2.4)
0.087x0.087 (HB)
E 0.087->0.17 (HE) E Castor (5<|n|<6.7)
ZDC (|n|>8)



/////////////// | Total 66M Si Pixels
HENEEE - ? | Occupancy < 2% at dN, /dn=5000
— :
T o
- ™~ :::E CMS $ad JI i *
Z%’ssooi— +% ﬂ’ # 13 H i + $ ﬂl
© 3ooof—+ *ﬂtﬁ # ++ st
. >
The layout of the CMS inner tracker ..L_::) 250()?1.— 0.10% PbPb
a 20005_ HIJING (no-quench)
S 1500
ATLAS S 1000E e simulated primary tracks
PR ¥ w1 roconincted (SO MeY)
.F'l. -l-.. 952 a5 T s 0 05 1 152
dN., /dn=6000 Pseudorapidity n
B I e ‘ Estimation of the Gluon Density
oo [IWING, with quenching | | Does the Gluon Saturation Exist?
Rennnstructmn errors ~5% 1, Color Glass Condensate (CGQ)
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Efficiency

PID: Gaussian Unfolding for

dE/dx
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CMS Hydro prediction for low LHC multlpI|C|ty
Mo 047 N —— EOS with phase transition
------- Hadron gas EOS
0.08) Heinz, Kolb, Sollfrank
VU)W ?
0.04} LHC
- ® SPS
UL [RLALAL U UL | L] [RLALIL LA UL AL [LALALIL LU [ 0'02_
;%1_0_14;— . — AAGS
%012;— . = 0 . | . | .
o i = 0 500 1000 1500 2000 2500 3000
0.032— ‘ = T
ol NS = Multiplicity
o V,(p,) tracker E « Equation-of-State/Viscosity of Fluid
R ST TOP PR TOT TP TP T ION: « Characterization of microscopic
| Py GoVie dynamics underlying collectivity
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High-Level Trigger In

Level 1 (Muon Chambers+Calorimeters) M. Ballitjin, C. Loizides, G. Roland, CMS-NOTE-2006-099
; T TTT II| I T T TTI I| T ;
e PPE p+p o' " Pb+Pbat55TeV
Collision Rate 3 kHz (8 kHz peak) 1 GHz 1 03; —Mnbias  AE€SIgN luMinosity E
Event Rate 3 kHz (8 kHz peak) 32 MHz ) _ _
. 10°¢ E.reach x2
Output Bandwidth 100 GByte/sec 100 GByte/sec Jok _T 3
Rejection None 99.7% )
= 18 Jy E
High-Level Triggers (high E{-jet, vy, e, M) £ 10 1
L |— C ]
* 12k CPU x 1.8 GHz ~ 50 Tflops (x 2 RCF) Q1025 .
* Run “offline algorithm™ on every Pb+Pb event [Pl 4
« Significantly enhanced statistics Z 1 0_4§_ .
for hard processes (see the right figure) o :
10° F o . E
High-Level Trigger Pb+Pb p+p _E|Tm O™ -
10" E[L=0.40 (mbs)" E
Input Event Rate 3 kHz (8 kHz peak) 100 kHz b 6o =72mb ]
107 ] ™ E
Output Bandwidth 225 MByte/sec 225 MByte/sec /g® _ NTinbis _ 400 | | _
Output Rate 10 — 100 Hz 150 Hz 1 - ""'1'0 - ""'1'02 -
Rejection 97-99.7% 99.85% Jet E;-nirl [GeV] or part p.Tin [GeV/C]
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Eff.

without TRT
3 pixel layers and
4 double-sided strip layers

Pb+Pb 5.5 A TeV, b=2.3 fm, |n|<1

' Efficiency
E f..m—-—-——-—-.a—-—_._ » ——
107
C e
- Fake rate
o4 T
S [ i
]
-3 1 1 1 1 | 1 1 1
107 5 10
P [GeV/ic]

Momentum resolution ~ 3%
(2% in barrel, 4-5% in endcap)

’N/(rdp2dn) (GeV/c)™?

10%g

X
o

1
14
NE\" E;

HIJING, b=2 fm
Centrality: 0.50

In| <0.5
dN./dn=2700

0 20 30
P, [GeVic]

No jet trigger
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Iterative cone(R=0.5)+Background subtraction

Pb+Pb (0.5 nb-': 1 year of running)

120 -

. .. 4
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y (or Z°) —p'w
IS being also studied

associated
hadrons

14 — in vacuum, E ;=100 GeV

---- in medium, =100 GeV

| Adapted from
| hep-ph/0506218
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Quenching reduces
high-p; particles

Quenching increases
low-p, particles

"-“ L

z—0
(pr—0)

How is the energy loss distributed in the jet fragmentation cone?

= Photons

-Tagging parton energy
-Sophisticated isolation/shape
cut technique was developed
(S/B was improved by about 15)
-E+(y)>100 (or 70) GeV

C. Loizides, QM08

ent/ BAGeV

-
<
fa

per ev

firy
S
&

Entries
2

-
<

Beforecuts S/B 0 3

Aftercuts S/B 45

CL

ent/ 8 GeV

N
=
a
T

per ev

=
<
o

Entries
=

T E
CMSP IImI nary » Non-isolated partlcles 1
m L = Isolated photon ]
i aC . O Isolated hadrons
L o0 " .'
% "'r’“f b Hm
100 200 SUU
ET [GeV]
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* Require the back-to-back y-jet
correlation by A¢(y,jet) > 3 rad.

S
4}
1)
Lul—
T_III'lllll IIIIIllIII[IlI[I.IIfll I[I'II_
o g CMS Preliminary
= 6F Quenched / Unquenched 7
o f El > 100GeV ]
g s ° Reconstructed Pb+Pb / MC p+p
s - — MC truth p+p
S o ]
T 41
. c -
Reconstructed FF agrees with the MC FF £ 3 =
SRRRASRRRR AR RARRE RARRE RRRRRRRREE RARRE RERRNRRRES —t -
s CMS Prelimi 4 & - -
O k> 1Gr:V:21'|Er;ar! 100GeV - QEJ 2 C
s Underlying event subtracted i -
10 . Guenched Fragmenlaticn Function E g :IIIIIIIIIIIIIIIIIIIII LCCLLULLOT LR LORE L (LD T DILLIT L T —_
MC Truth LI‘: 1l R 1 Ny -
W B, >100GeV ;
_II|III|II|II|IIIIIII IIIIII|II|III_

o

1 2 7 8 9 10

1N, ON/CE

3 4 5 6
&=In(E./p,)
Depletion at high p;

Enhancement at low p;

November 14-16, 2008 22



KOREA

UNIVERSITY

4%@?

ALICE ATLAS

Ref) C. W. Fabjan, QM 2008, Jaipur

Q 45[ N - T T T L E L B B
X F —— ldealR=1.0pt=0.0 - B ]
= 45 A EMCAL + tracking R=0.4, pt=1.0 > 1%k dN/dn = 2700 _
?'So 3_55_ O Tracking R=0.4, pt=1.0 ° ; 9@ o input ;
£ °E <Eppu~125 GeV -~ 10F * E
& 25 ~ — - 25, .
o [ Pb+Pb 0-10%: <g>=50 - N © Qg&.o ]
?E p+p norm 1= “qa . =
155 - Uncorrected for ¢ ++ } ; .
A e e 1oL Jet Position ¢ ﬁ ﬁfm H _
0'52_ - Resolution * T * * * * §

= ! ! ! PP B .2_-..I...I...|.. o
T ESIN(ES/p) 0%""02 04 06 08 1

Initial measurements up to 100 GeV (untriggered charged jets only)
Detailed study of fragmentation possible

Sensitive to energy loss mechanism

Accuracy on transport coefficient <g-hat> ~20%
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H. Satz, J. Phys. G 32, R25 (2006)

State Jy xc0(1P) | w(2S) Y(1S) | xo(IP) | Y(2S) | xwo(2P) | Y(3S)
Mass [GeV] | 3.096 3.415 3.686 9.46 9.859 | 10.023 | 10.232 | 10.355
B.E. [GeV] | 0.64 0.2 0.05 1.1 0.67 0.54 0.31 0.2

To/Te 1.1 0.74 0.15 2.35 1.13 0.93 0.83 0.74

Due to the feed down from higher states, we expect the step-wise suppression
of Jy and Y = Measure as a function of p; and also of collision centrality

—

J/Y Production Probability

=

- )

| ! |
(2S) (1P) (1S)
€(2S) €(1P) €(1S)

Energy Density

SPS RHIC

Y(1S)

LHC

4.5

2008-11-07

CQUeST Workshop on RHIC

24



KOREA

UNIVERSITY

N, /dn| o =2500

5
:9.:

T L Pb+Pb (05 nb)
E C BARREL+ ] C 107 I.I rrrTrre Igratain 05 &
w 10’0__ Endcaps ] ; L - *-E.'E . *  produced
al L - 251 = 10f .. ®  reconsinietsd Jow mulliploliy)
C.': - T (V] C - - @ &
% BO:_ _: %20— _::F ':__.F g 10° * . & regonstricled jrigh multipilofy
= = — F -
g GU__ Q-15: .-. % 104 -------
T B . - S
40_ S/B = 1 2 ] 1o0F % 107
C GJ/‘I’ 35 MeV/C2: - 10° &
] L e ———— SE
T — - 10 N, ~1.8%10°
=—C-D,C-C, DD ] 0 | "
""I""I""I""I"' - - |||||||||||||||||||||||||||||||||||||||
2 2.5 3 3.5 4 5 n 5 M0 15 20 55 a0 40
M. (Ge‘lﬁc} Py Ge‘u’fc
'-':Q 35-{}05 T T T T E - . : .
- C ] 108 ¥ ratz in 0.5 nbet =
33{]‘00:_ —: ,G“'E'"l'"|"'|"'|"'|"'|"'|"'|"-|--- «  producsd E
L{y - ] \%;_ (] » = reconstructad (low multiplicity) ]
8 2500 —] > = g 104 ., E
C; C ] m g @ '_' e reconstructed (high multiplicity 5
5 2000 ;% o ]
= F Y ] w 205 =+ 10 E|
@ C N* 1 ~="E 2 3
@ 15001 == & :
- - E =
E 2NN 3 e g 1 er E
10001 o i Baty, .
C N = Filadly, ¥
r_ both muens with nl<0.8 3 ot 10 SIS
5{]-0: ] o NYNZ‘S x 104 i
C IR SR B P n T B PR PR S i A A
9.5 9 9.5 10 10.5 11 1[] 5 10 15 20 25 30 35 40
M,.. (GeV/c?) p.. GeVic



Ref) C. W. Fabjan, QM 2008, Jaipur

One Month (10° sec) Pb+Pb collisions at nominal luminosity

Ty

106 Pb-Pb : Min. Bias — ' bb

dN/dM |

10°

10*

10°

10°

0 2 . L] 4 ] [ 1 6 1 J ] 8 ] L] r 10 a Ll L] 12
M, ., [GeV/c’]

Expected number of quarkonia in dimuon channel:
J/¥Y ~ 3 x10° Y ~ 8000

November 14-16, 2008
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High-Density QGP

(CBM at FAIR)
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Plasma Physics

Atomic Physics

Storage & Cooler Rin
Beams of Rare Isotopes
Stored and Cooled Anti p

@ 0.8~14.5 GeV

e-A Collider

| S ; Rare Isotope
Production Target

/ Super-FRS

Antiproton
Production Target

'
/ FLAIR

Primary Beams
Intensity: X10~1,000

E : 4X10%3/s @ 90 GeV
38U : 1019/s @ 35 GeV/u

Secondary Beams
Intensity: X10,000
Rare Isotopes

@ 1.5~2 GeV/u
Antip @ 3~30 GeV
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Research Program at

1. Rare Isotope Beams (Super FRS)
. Nuclear structure far off stability
- Nuclear synthesis in stars and supernovae
2. Antiproton Beams (Panda)
. Quark confinement potential
Search for gluonic matter and hybrids
3. High-Energy Nuclear Beams (CBM)
CBM : Compressed Baryonic Matter
Baryonic matter at the highest density (neutron stars)
Phase transition and critical endpoint
In-medium properties of hadrons
4. Short pulse Heavy lon Beams
- Fundamentals of nuclear fusion
5. Atomic Physics and Applications
. Highly charged atoms & low energy antiprotons
. Radiobiology
6. Accelerator Physics
. High intensity heavy-ion beams
. Rapidly cycling superconducting magnets

Novembe™14-16 High-energy electron cooling & dynamical vacuum 30




CBM: Physics Observab

1. QCD Ciritical Endpoint

— Excitation function of event-by-event fluctuation (K/x, ...)

2. Onset of Chiral Symmetry Restoration at High pg

— In-medium modification of hadrons (p, o, ¢ —e*e or u*u, ..

3. Deconfinement Phase Transition at High pg

— Excitation function and flow of strangeness (K, A, 2, &, Q, ..

)

— Excitation function and flow of charm (J/y, y’, D, A, ..
— Disappearance of quark-number scaling of elliptic flow

4. Equation-of-State (EoS) at High pg
— Collective flow of hadrons

— Particle production at (sub)threshold energies (=, Q, J/y, D, ..

)

)

November 14-16, 2008
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Simulation of Collision E

Central Au+Au collision at 25A GeV (UrQMD+GEANT4)
Total ~1000 particles: 160 p + 400 = + 400 n* + 44 K* + 13 K

Extremel

collision e
sophisticg
configura
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Detector Requiremen

1. High-Rate Performance
= Expected collision rate : ~107 Au+Au reactions/sec
2. Precise Reconstruction of Displaced Vertex
= Required resolution : ~50 um
3. Particle Identification
= Electrons and muons
= High-p; hadrons
4. Radiation Hard Detectors
5. Self-Triggered Readout Electronics
6. High Speed DAQ + Online Event Selection
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Tracking

Detector
Muon
detection Resistive
System Plate
Chambers

Silicon - (TOF)
Tracking

Statio

Dipole
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= Software Tools
- Framework FAIRroot
- Transport codes GEANT4, FLUKA + Event generators(UrQMD, HSD, PLUTO)
- Fast track reconstruction algorithms for online event selection
= Simulation input
- Realistic signal and background multiplicities
- Realistic detector layouts and responses

g E i
‘G. | e e PP TP PP (Gosssacasadanzos & | +*
§ [ eTesteatitErlrorreta ittt st = —— 2H+4S, res = 1.16%
5 L e ** %, % mm X :.5"_ ' .
8 [ " t:i*’t : ~—6S ,res=1.12% 1l
i k ~ 88 res=1.15% ,
b Track reconstruction

it
0.6* . . B I g 1
: efficiency sfe &# 1 +.<,

- - > + ' +
041 £ ‘W*th,fgﬂfﬁ
i —— 2H+4S, eff = 95.05% '
sl —— 65 eff=90.39% b Momentum
¥4 88 eff=95.60% ; Resolution Ap/p
1>
\ ' W
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9 10
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0 IS IS AT SIS ST I IS AR NS Coee b o b bonlenaan by
0 l 2 3 4 5 6

T % 1 2 § 4 5 & T
p [GeV/c]
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= Silicon tracker

- 2 hybrid pixels (750 pm each), 4 micro-strips (400 um each)

- Strips with 50 um pitch and 5° stereo angle

» Full event reconstruction N
P
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= Full track reconstruction
- 2 MAPS (150 pm thickness each) + 6 silicon micro-strips
- Hadron identification via TOF from multigap RPCs

~ S 60 umie
DO N T =60 um/c

m
T=123 ym/c , ,
central trigger (107)
o . IR
§ i ' R3] 44K A/10" central events
c 300001 S/B, = 4.4 Z 30_— Al > pKTt
- _ | Eff=3.25% 3 K
> 20000 . o 201
2 : 1t ~ [ eff = 0.18%
S 5 @ -
= ' ‘ 2 : S/B =1.9
= 10000 , = 10 - L
: : = K
: - ; MMM
16 18 2 22 24 0 | 3
2
m,,, (GeV/cY) m, (GeV/c?)
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1. LHC detectors have excellent characteristics
not only for pp, but also for heavy-ion collisions
to investigate high-temperature QCD matter in

detalls.

2. CBM detector at FAIR is presently designed
for the study of high baryon density matter.

® Qur dream is to understand the
phase diagram.

® We will be very busy to realize
our dream for the next two decades.
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Backup Slides
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W. Cassing, E. Bratkovskaya, A. Sibirtsev, Nucl. Phys. A 691, 753 (2001)
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Calculations by H. van Hees and R. Rapp, Nucl. Phys. A 806, 339 (2008)
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Statistical hadronization model

¥ no medium effecis _
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A Am=-50MeV (A X ' -50 MeV)

A.Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel,
arXiv:0708.1488 [nucl-th]

: Kinetic rate equation in thermal fireball
. L. Grandchamp, R. Rapp, G.E. Brown,
| Phys. Rev. Lett. 92, 212301 (2004)

DR e
i o Pb-Pb,NASO -
] % 002_— _ m\]SaC —_
5 it
| I10 | | I I‘102 ""-B-‘-- 00]5_ ————————————— ’ —
Jde irrawn Di ' i
y T y T y T mi i
3 Au+Au, 25 A GeV Soo N T e
r central ; i %\
{ \ ij.OO 5 | thermal ratio | _
r B =0.143 GeV | + m ]
3 ~ ~ e E
:: —r,_:‘\\ o] I R N N I I I B I B
F  HSD 0 50 100 150 2(1)\? 250 300 350 400 450
il: —m—1 —e—cc f'h% part
E —1—K I In&h . .
© =0 D+D:—o—bare, —+—in-med. T - HSD microscopic transport model
- ! W. Cassing, E. Bratkovskaya, A. Sibirtsev,
0 1 2 3 4
m_[GeV] Nucl. Phys. A 691, 753 (2001)

November 14-16, 2008

45



Ratio of Hidden and Open Ch

Charmonium / open charm

>
M * HSD
hadronic matter -
—p
v SHM
107"
102
- partonic matter
- \ 2 — —y 4
10'3L—F\\|IIII|I\\\|III\|I\\I|II
6 7 8 9 10
Vs, (GeV)

Charmed particle ratios (y/D, AJ/D, D/D,, ...) are expected
to be sensitive to the medium they are formed in.
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Prominent signatures of the QGP formation at RHIC
- Constituent quark scaling of the elliptic flow parameter
- Suppression of high-momentum hadrons (jet quenching)
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CBM will look for the disappearance of these QGP signatures.
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