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What learned at RHIC R s %

D .
E802/859/866 @AGS-BNL P=14.6 GeV/A, s\\=5.4 GeV
NA44/WA98 @SPS-CERN p=160 GeVIA, Vs =17 GeV
PHENIX @RHIC-BNL p=100+100 GeV/A, Vs\,=200 GeV

m hot: thermally radiative (!?)
thermal photons (!?), T~500MeV

ErI X

= dense: energy loss of (even heavy) AUERCAN
quarks, €>15GeV/fm?, dN,/dy>1100 ’f‘“‘ $EEEE*JJ0)1 1y
jet quenching (high p, suppression) 1007553»0) *lj\
jet modification = ,7;}5;{;50) ;—;H; =
m partonic: quarks’ degrees of freedom, B
screening
quark number scaling of collective
motion

J/V¥Y suppression
m strongly coupled: perfect fluidity

hydro-dynamic behavior of

collective motion Edited by
H. Hamagaki
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New features at LHC

N i B X

page 5

D
s QGP formation
X 2 THHC Thermo-dynamic
X 10-20 ¢RHlC feature
X 3-5 Vg RHC p~T~GeV
X 3-5 15pRHC

m dominant hard process
ohard | 5ot ~2%atsps

~50% at RHIC
~98% at LHC

m heavy guark production

LHC
GY ~

20x o

RHIC
Y
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One dedicated exp. for Hi PhysiE e

page 6

I E——
ALICE -

ALICE detector 1y acceptance

(charged patrticles)

m central barrel: -0.9 <1 <0.9 -
tracking and particle 8- TP uterayer

TPC (full tracking)

e SPD inner layer

identification in full azimuth

partial coverage of HMPID,
PHOS, EMCal

m forwardparm:-4<n<-24
m multiplicity: -3<n<5.4

)
BRI i
POV RO 1
.’.0,0."0.&.0‘%0‘ it
AR A i1

dN_, /dn (Pythia)

Pseudorapidity n
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Time Projection Chamber K s

@ largest ever

88 m3, 10 m long, 5.6 m diameter, 570 k channels
XIXy(%)=3.5(Ne)-4.6(Ar)
4 under commissioning at the final posit?

HV electrode (100 kV)

— ﬁl .
field cage R

readout chamber

-60 T TR,
[N R TS EREEE FETE EEENl RN FREN REEr R
0 10 20 30 40 50 60 70 80 90
row
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Inner Tracking System K8 %
E— — ee—

@ tracking (|n|< 1) + multiplicity (In|<2)|__ o=
@ Si pixel/drift/strip S
‘ XIXO(%)=u4.4”

SILICIN RFT .
DETECTIRS  _

IRNNRS
il ‘ |

L

'—/1?_1,‘ ]

SILICOH PEEL
DETECTORS

strip ladder
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ITS Installation 15.3.0 E
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Transition Radiation Detector N’ #*%

€ tracking and particle identification
1 400 - 600 um resolutioninr¢, 23 mmin z
" eln separation > 100 at p, > 3 GeV/c

€ |n| <0.9, full azimuth
T XIXo(%)= “14.3”
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Time of Flight Detector Ko s x

page 13

I 0 T
€ multi-gap resistive plate chamber (MRPC)

T time resolution <100 ps
O XIXo(%)=“20”

€ |n| < 0.9, full azimuth; 3.7 m from beam axis

—_— — —— — — - e s [—

WS 74 EAY
N : "

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



Installation of TRD&TOF

€ 2-3/18 TRD and 9/18 TOF for 2007

=
i 5 L
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High Momentum PID Koms
— —

® ring imaging Cherenkov with Csl photo-cathodes
€ |n| <0.5, Ap =60 degrees
® built and installed (not yet in this picture)
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Photon Spectrometer (PHOS) I 752 %

€ high-granularity, high-resolution EM calorimeter
64x56x5 PbWO, crystals readout with APD/CSP
for photons and neutral mesons measurements, and for y-jet taggm
providing level-0 and level-1 trigger.
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Forward (Di-)Muon Spectromete’t " % 7.

D 0
€ a 3Tm dipole magnet; largest warm ever.
& p>5GeV,2.4<n<4.0
€ mass resolution: < 70 MeV at J/¥, <100 MeV at Y
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A large acceptance EMCal. ) page 18
e —

EMCal (Pb/Sci+APD) PHOS (PWO+APD)

Jet physics Photon physics s © sofnns
Element dim: 6x6x25¢cm Element dim: 2.2x2.2x18cm ks S
-0.7 < n < +0.7 & A9=110° -0.12 <n < +0.12 & A¢=100° Full Scope:
AE/E=8%/~E (GeV) ®1% AE/E=3%/E (GeV) ;1_3'812“1':;5
n=-07t007

| 11 super modules (10 +1/2+1/2) |
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N i B X

dhfein

Forward Detectors o 19
PMD Pre-shower detector 2.3 < VO 1.6<|n[<3.9 Interaction trigger
<35 Ny, qand N (DCC's) (beam-gas rejection), centrality trigger

L alil and beam-gas rejection. Two arrays of
64 scintillator tiles readout via fibers

TO,.

7000 -

6000 F

4000

5000
3000F

1000

2000 : -l

FMD: Multiplicity and n

dist. 1.6 <n<3,-54<n<- | TOg. 2.6 <|n| <3.3 Time (T,) for the
1.6 Silicon strip disks ,12k TOF (~ 50 ps time res.) Two arrays of
analog channels 12 quartz counters. Also backup to VO

ZDC: Centrality, 2 sets of Zero Degree Calorimeters,
> 100m inside LHC tunnel

" ‘Univ. / ALTCEUZ8 T8 Oct. 2007




Data Acquisition System and HL! o

= DAQ: be fast and scalable
= up to 3 Ghyte/s (in&out)
&= = commodity PC’s and
m fast network switches

"B
L 5 |
llilii. HLT: be fast and flexible

]

|
it

- m event selection
e -
— | = data compression
SR

" 5 selective R/O

=

1 .
E"ﬁﬁﬂfﬂff}ﬁf _ mup to 20 GB/s data input
22 A7

“ui m 200Hz Pb-Pb
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http://ph-dep-aid.web.cern.ch/ph-dep-aid/Developers/InstallPt.2/photos/CRW_7281.jpg

Relativistic Heavy lon Collision and photo&ff

Hadronization

A . . Freeze-out
Pre-equilibrium  Thermalization QGP phase? Mixed phase g ( ee+e out)
direct thermal photons Expansion

direct pQCD photons

Bavinitages of‘l’?ﬁ?@ﬂiﬂ‘ﬂl‘eﬁsﬁf@nﬁéﬁ?"d bottonium
3 H’d olﬁts%'ﬁ eutra mesons measured in sapq.dete‘tof:pe‘:tms“py
m as a?

'[.e|EI entl cadon oV rxhog

hiral symmetry restoration: neutral to
rzimsverse & mormentum
ron ratjos an E char ed rati . decays
e Qn‘é S|c§ ou ﬁm omena - critical
¢ Biarlye statephmamifeistation 6P @dllective

: _ o behavior: event-by-event particle comp. and
Sftfigb 5 hugtediélentified mesons up to ~100 Gev  gpectra

S-Quibdoinmp ortamtiphysigscouteomeneimBDANeEmitting source: HBT,
plasma:jet quenching; high:ptspectra, open impact parameter via zero-degree energy flow
Shanrean@ o péhdé: with large transverse 1@ i
PR =I9ﬁ sty MM LB NSIOHETI A eV dhdrgy Homain
By PHENIX Collaboration (K. Adcox et al.). Sep 2001. 6pp.

Published in Phys.Rev.Lett.88:022301,2002 /(e-Print Archive: nucl-ex/0109003




Photon Physics at LHC

AAAAAA -
direct E
000806500
AP -
In-medium
G G 0 :
10° ' I |
Central Pb+Pb .
10’ ]
0 s'°=55ATeV i o
10 <Nch>:30001= N
o | 3
- o -0.5<y<0.5] 5
> ﬁ ,/ - :
S w0 |/ %
o 3 ! B L
o= 10° |1 e -
g \ S B
% 107 F ——- in-med HG \\ 3 z
C(TD 10° | —-— QGP (TI=845MGV) \\ 3 -
- ——- initial pQCD N
oo | ni p (PP) SO
L L . I \\E
1 2 3 4 °
q, [GeV]

N i B X

page 22

Bremsstr.

Photons for Pb+-Pb at 8/2=A x5.5 TeV

In high multiplicity environment,
a photon detector should satisfy;
* sensitive to GeV photons,

* high granularity and

e good energy resolution.

m— = from jets through QGP \
= = Diirect photons
=== Bremsstrahlung
- Thermal photons
4 6 8 10 12 14 16 18 20
pr [GeV]
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R&D studies in Hiroshima Ko A

Y-doped PbWO,
Density 8.28 [g/cm?] 20 x 20 x 200 mm : 100:—
Radiation length 0.89 [cm] % 8-
Moliere radius 2.2 [cm] e
Peak emission 420~440 [ns] g oo
Refractive index 2.3 T ; _
E a0F : m_easured with
£ : Hitachi U3010
20— :' spectrophotometer
produced in Furukawa co Py - J I R
300 400 500 600 700

wavelength [nm]

%0Co y spectrum w/ Hamamatsu R7056 @1900V

single photoelectron

Scintillation decay curve

[y
=

Event counts

double p.e. !

y-absorption

10

g
\H‘Illllll‘\ i

0 5 1Q 15 20

1 L
25 30 35

Number of photeelectrons 0 20 40 60 80 nsec



Expertise on PbWO, and APD i 7

5 X%
I

page 24

& calorimeter oriented property studies since 2000
temperature dependence down to -35 °C

= PbWO,: photon yield, decay constants
= APD: gain, breakdown voltage, noise. R -
crystals from different manufactures & i

E i
,Erture H 0 ><=

Saocr

=
000

photon yield decay time
Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct.

2007



Riesx

page 25

PHOS parameters

density 828 g/cm3
radiation length 089 cm
Moliere radius 22cm
Particle g;;l;_{li:momentum peak emission 420-440 nm
Time gj:t'm{:frat'o“ Identification
Projection Detector refractive index 23
Chamber _

Absorber

inol element Lead tungstate crystal
13 Dipole Magnet coupled with APD
Magnex number of elements 17,920
(3,584 /module)
- crystal dimensions 22X22X180 mm
.- 2 = = I : distance from IP 4400 mm
SRS /i n coverage -012n<+012
. S =5 = ¢ coverage 100°
. — M (20° /module)
= | L = : n granularity An=0.005
SO T - ] o granularity A¢=0.005 rad
. ' @ area covers 867 m2
: | Muon Ch; ibars ﬁ A energy range 5 MeV ~ 80 GeV
Photon [16 e energy resolution 3.6% / NE(GeV)
Spectrometer
“’S i TT9 identification 02<p <60 GeV

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007

weight 1291t
(721g/ea)
operation temp. -25C




First PHOS Module

N i B X

page 26

€ completed and tested at CERN PS/SPS in 2006
successfully read out with ALICE readout/DAQ system

[

W "-‘;Nl‘

e _. "
; ~‘flll’l"' v

0 Beam bl 2003

0.08 :_ ...... . ..... -., |'\. 0 Beam test 2006 a2 -17 degraes oo
E : . ——— PHOS mqurement
0.07 = ioiniin :

[ Y TT T

ﬁE.I'E
o
(=}
th

TN o

...................

Beam best 2002

|
10 1 £ cev '
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1st PHOS module waiting in lab.F % 5 X %

page 27

Taking cosmic-ray data
implementing DCS functions, and
Testing TRU functions for LVL-0

[)

Preamplifier

APD—adapted Shaper Altro-chip TPC-like readout backend

Veak =—é j Idt igauss 2 digitization ranges Sampling 2-.10 MHz
T=15 nsE AN
RC discharge =170us t ea -
ge = peak Au= 5 MeV- 5GsV

A,=BOMeV -B0GsV

APD: Hammamatsu

pC ‘,"'A.}RChighpass B.) Active Bessel filter
58148 5mm?
- N it - | Shaper BW=100 kHz LE:@CD-D
Cs s .o 2008 21200 _ o
s l E V ; High gain -
S P L= = A2 pipeline
ha < Pole -Zero| -
ER CSP — > _Jec [ ] .
[} L * .
g = User interface ] H Low gain 10k
I I Rbias [:I W & T controls
O Ethernez = o .'_ - —< SPl serial control bus <
PVSS II PVSS II H—.
g )| ] HV bias — %
tesrer +HV 400V | * contral S — 5
[ PCLCER 1 I E i —® 32APD l
! 2+2 analog Sums |
I :W 100 ns FWHM
wwarm v 20 MeV — 10 ¢
mom| A / 40 MeV - 10 GeV ranc
ISEG ) )
32 channel APD bias control Trigger Re
HY
| =] I
e e
‘ iene’ Cooling
U=y Plant
cf_*

[l
Detector Detector Detector Detector

FHigh Valiags Law Voltage FEE LE Lo Tamp. Monitor Crysial Coaling FEE Cooling
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PHOS Full-chain test-bench Ko o

PHOS Lab at Hiroshima

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



Photon Detectors at LHC

it S—

Exp. ATLAS CMS
Name LAr Barrel | LArEndcap | ECAL(EB) ECAL(EE) PHOS EMCal
Structure Liquid Ar PWO + APD PWO + APD Pb + APD
0<nl<1.4, | 1.4<|nl<8.2, | 0o<nlk1.5, | 1.5<|nl<3.0,
Coverage 27-[ 27-[ 21-[ 2’}'c 0<|n|<012, 0671: O<|n|<07, 067'[
0.003x0.100 0.025x0.100 h
| 0025x0025 0.025x0.025 | 0.0174x0.0174 0'01&?)’;?('3:)754 1 0.004x0.004 0.0143x0.0143
0.025x0.050 0.025x0.050
e 10%/NE | 10%/\E || 27%/NE || 5.7%/E 33%/\NE 7%/NE
| ®©0.5% ®0.5% || ®0.55% || ©0.55% ®11% ] ®1.5%

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



Photon Physics in ALICE

Niexs

page 30
D 0 _ .
Physics issues Key words in recent
thermal ¢ PWGA4 (photons and high p;)
9 and n at high accuracy jet fragmentation
vs 7% and n at high p; up to jet correlations
~80GeV

non-photonic electrons
jet fragmentation in

v-hadron correlations
prompt y correlations
high p; particles

medium

direct y-jet correlations n? and y correlation
v—y correlations isolation cuts

and more... jet reconstruction

jet resolution

19 reconstruction

and more...

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



LHC Accelerator Ko m
T —

CERN Accelerators

(not to scale)

ALICE © %

FoRIJLEE 27km — oGt

LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (T)
PSB: Proton Synchrotron Booster 730 km
PS: Proton Synchrotron

LINAC: LiINear ACcelerator

LEIR: Low Enctgy‘lon Ring et tﬂ::t:;m CEmN, 2]»::; _—
Toru Sugitate / Hiroshima Univ. / ALICE028 / 18 Oct. 26U Cem Neutrinos to Gran Sasso e v B Do SO



LHC dipoles

Descent of the last magnet, 26 April 2007 @\

Thermal Shield
Assembly

Figure 7.12: LHC dipole cryomagnet Assembly




LHC update as of Jun.07 Rmsx

I Triplet Probl Y h 2007
Rl CE eI | Dr. Rober+ Aynar (DG) OYESER (20075E6AZTR)

> BREFOBHEMS,. CERNHIRFTBEOREBEL
> 20075 AR O)LHCYRENe900GeV [ A BE

> 20085 ICRR1 + BaF BIR KB O 18R
>BEAALFERICONTIEFIX S MEL

General schedule @

Engineering run originally foreseen at end 2007 now precluded by
delays in installation and equipment commissioning.

450 GeV operation now part of normal setting up procedure for beam
commissioning to high-energy

General schedule being reassessed, accounting for inner triplet repairs
and their impact on sector commissioning

B&FF— 0L 0)ikg All technical systems commissioned to 7 TeV operation, and

machine closed April 2008
> RILERIER RT3 3 BHNGH7E5THE
E e .h “Q I-* <,
> ?:?§?$2ﬁgégéfo%§g$é First collisions at 14 TeV c.m. July 2008
BT+ BT ERER, 3 x8<L, ;icl)%tsrun pushed to 156 bunches for reaching 1032 cm2.s'! by end
> i+ BRFIREREEERICIRA L. S _ .
> HRE | — RS DHERREEITS, No provision in success-oriented schedule for major mishaps, e.g.

additional warm-up/cooldown of sector

Beam commissioning starts May 2008

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



LHC Baseline program R %

page 34

m expect ~ 10 year ‘baseline’ program 2008 — 2017

pp: after few years diminishing return in terms of running time versus statistics
HI: 3 D phase space to cover: statistics — beam type — beam energy

m first 5 years (~ RHIC)
initial Pb-Pb run in 2008 (1/20t" design L, i.e. ~ 5 x 10%°)
2 Pb-Pb runs (medium -> design Luminosity L ~ 10%7), integrate > 1nb-*
1 p A run (measure cold nuclear matter effects, e.g. shadowing)
1 low mass ion run (energy density & volume dependence)
continuous pp running Vs = 14 TeV (comparison data, some genuine pp physics)

m following ~ 5 years
program and priorities to be decided based on results

m lower energies (energy dependence, thresholds, RHIC, pp at 5.5 TeV)
m additional AA & pA combinations

m increased statistics
expect modest detector modifications & upgrades
m discussion has started, R&D to follow after 2007, decisions ~ 2009

by Jurgen Schukraft in Sept.2007
Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



Analysis CPU farm
I

N i B X

page 35

10° ¢

€®Online: storing up to 1.2 Gbyte/s L
- LHC-b

<~10 x RHIC!
raw data >2 PBytel/year
< 20 days @100%DF

& Offline: need 35M specint2000

Rate (Hz)

10k high-spec PC'’s. i
>10 x RHIC !! = WLCG o
2008 2010
Tl T2 T1 T2
CPU | req.(MSI2K) | 10.2 10.2 22.9 19.0
missing(%) A3? A13 A3l A30
Disk | req.(PB) 4.2 1.6 9.8 5.3
missing(%) A3? 43 A3l A5
MS req.(PB) 7.0 20.9
missing(%) A2 A53
Toru Sugitate / leoglfl:zlE; %5'3%033182533 ;?u 8%1?3%507

10° |

104

X 'ATLAS
CMS

od

OCDF Il

@ HERA-B

 KLOE

CDF
10° b H1/Zeus ALICE ._'
| ALICE DG Il
LEP
, ® oNA49 *
1“ 3 3 |*n L ] M 3 3 s 333l
10* 10° 108 10’

Event Size (byte)



Worldwide LHC Computing Grid 7 &% %

T*: Tier-*

CAF: CERN Analysis Facility
ESD: Event Summary data
AOD: Analysis Object Data

User Analysis

Offline
Analysis

On line
Analysis

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



“ll.:r. Grid Projects Collaborating in LHC Computing Grid

orld-wi

SSUSSH

Open Science Grid

fion Fets 20 101301005 EAT 200G
|la=tBuikd:Fo War 168 03:-16:01 GMT 2007 GetatiDusrn:-20068-12-15



WLCG-ALICE Tier-2 at Hiroshima' " AN

D 0
® An LCG site “JP-HIROSHIMA-WLCG” with
EGEE/gLite3.0

® Current resources;
Xeon5160(2cores@3GHz)X2cpuX38box
=76 cores (1LTFLOPS) & 42TB storage

® Additional CPU’s will be installed next week;
Xeon5355(4cores@2.6GHz)X2cpuX32box
=256 cores (2.7TFLOPS)

® [nstalling ALICE VO-Box now.

® Network B/W: MPLS 1Gbps on SINET3
® Associated Tier-1: ASGC & IN2P3

® Contact person:

uark
Physics

Laboratory - '

Hivashlma Universlity, Japan

Dr. Takuma Horaguchi, Hiroshima

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



Simulation studies

3 ALIGE Fvent Display

0z 0.4

Side
ew
All Views

e

[ E—

Alice event: 0, Run:0
Nparticles = 29384 Nhits = 207650

80— [ Uity class ko digrlay ALICE oullire, lrchs, his...

ARl

Full GEANT simulation with GRID

60[— computing
*p+p PYTHIA with the
a0l ATLAS Parameter
*60k events
—— Combinatorial Background
20— Full GEANT

M., [GeVic?]

GRID

WLCGIRIZE T A 7 5 1 > f&#r {5l environment
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e A o, simulation of

Event
display with
AliRoot

Background
photon
source map

600

400

200

=500

Lo b v b b b b v v by v by 1

10*

10°

10

10

%00 s00 400 200 0

200 400 600 800



X-ray views projected on PHOS i 75 x %

[W/2: ITS+TPC at 4.6 m | |/ : ITS+TPC+TRD |
98 0.4 o 98
g
0.35

9 ITS+TPC at 4.6m —fo.3 ITS+TPC+TRD 1.3

96

A, degrees
6, deg

%2 XIXO"'"ZO% 0.25

20 0.25

0.2
88

0.15 0.2

86

0.15
84

8360 270 274 860 262 264 266 268 270 272 274 276 278 280 O
¢, degrees , degrees
[/ 22 ITS+TPC+TOF | | /3, : ITS+TPC+TRD+TOF |
T Ty 0.4
@ a | | |
e g g
P P of
A . 0.35
(2= fas]

94 B

0.25

0.15

aEEI:I 278 IJ
&, degrees
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The latest news R b

single photon sensitivity along two scenarios;
with and without jet quenching.

Without quenching | [ With quenching |
1.6

Pradicted ratio
l:l PHOS sys. emors, holes
l:l PHOS sys. emors, no hales

1.6
15

Pradicted ratio

l:l PHOS sys. errors, holes

l:l PHOS sys. ermors, no holes

rfir.'N?EC
N:"'IN.?“
i

signal strength

Systematic error
without TRD and TOF

0.9F 0.9F

0.8 . 08
s systematic error =
0.7 with TRD and TOF 0.7¢
DG:....l....l....|....|H..|....|....|.... UG:"""""'"""""""""' R
2 3 4 5 6 7 8 9 ( } 3 4 5 6 7 9 0
b, (Gev) b, (Gev)
8 = 0 isi
thermal photons | hard photons :T.’g‘_ms \ls_”“ 5'?Te.v F.,b : Pb ‘5‘/0 Most ‘.:emr?l C?”I.swns
j Hydro + NLO pQCD (see text)
= = High Estimate _
< 15 mimminmme [0st Probable Estimate

----------- Low Estimate
we NLO pQCD only

To save soft-photonic signals from QGP,
ALICE will leave holes in TRD and TOF
for 3 central PHOS modules,
reducing X/X_ =80% down to ~20%.

Toru Sugitate / Hiroshima Univ. /| ALICE028 / 18 Oct. 2007



ALICE Collaboration
s
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Summary h page 44

€ RHIC proven to be very successful

€ not end of story; more funs now on stage
properties of hot and dense partonic matter

€ ALICE at LHC starting in months
opening new ground for “soft” photonic probes
uniquely suitable for hard and/or heavy probes
Requesting 20% of LHC time for HI physics

€ ALICE-J (Hiroshima, Tsukuba and Tokyo) in full
commitment (along with RHIC)
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