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snine

(v) to produce light
(n) the brightness that something has when light shines on it
[by longman dictionary]
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By NASA’s Extreme ultraviolet Imaging Telescope (EIT) over the course of 6days from 27/6/2005
http://www.boston.com/bigpicture/2008/10/the_sun.html
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From Hirano-san’s web page.
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Shining Heavy lon Collisions

Hadronization .
Mixed phase i i
(Freeze-out) + P Thermalization

. ?
ExpanSlon QGP phase? Pre-equilibrium

L3

LL
"
L

Y
. ."-'ﬁ 1
I *n
py L AT N $
- "-”:5:"_-;;;, , SR
. “wWaw
) " e v; ‘
\"'-,‘.:* . [y
. e .»‘

Thermal Photon Jet+Medium Prompt Photon
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Time Evolution
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Schematic gpectrum ImA+A
A

Decay photons

Photon Yield
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Jet+Medium ) ( Prompt Photon )

Jet-Photon Conversion Compton/Annihillation
et-Bremsstrahlung (QGP) Fragmentation

" Thermal Photon

Thermal Photon (QGP)
Thermal Photon (HG)

+ photons from hadron decay

Photons are collective probes for various expansion stages of the hot matter




(1) High p; Meson dentification

- quark flavor dependent suppression?

= Interesting behavior of nuclear modification for various
mesons and hadrons has been reported at RHIC
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Photon from meson decay is a good tool of
meson identification experimentally at high pT.




(2) Uiversality

- Direct photon productionin 10"
p+p or p+p-bar shows 310"
universality 10"

—n S10"

G:(\/g) 2 F(XT) :510'5

= Consistency with pQCD 210"
prediction 10"

> Good probe for initial parton 10"
distribution 0"
10"

10’

pQCD calculation) can
\_____benew physics
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" Any enhancement
above the scaling (or |1

p+p collisions a=20-1800GeV

® DO p4p s=1800GeV
[ CDF p+p {s=1800GeV
B UA2 pip 630GV
O UAT pap [s=630GeV
A UA1 pp s=546GeV
£ UAB pp s=24.3GeV

E o

p+p collisions {s=20-200GeV

¥ PHENIX-Run3 p+p s=200GeV
o RBOG pap Y=63GeV

* R110 pip 5=63GeV

& E706 pep e=38.7GeV

+r ET06 pep 5=31.5GeV

- UAG prp Ys=24.3GeV

X MA24 pip B=2375GeV

- WATO p+p 's=22 965GeV

10
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(3) Temperature Sensor

RHIC LHC Predicti
o 10g
z Yairect AU+AU (0-20%) = Pb-Pb — y+X, 5.5 TeV [0-10% central]
% ®  Yarsx = Yo' YareaYine % 1 uﬁ Totaly: prompt + thermal
2 1F 5] 1[]2 — —- Prompt NLOx N E_ w =50 Gal/
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Indirect Photon Methoa pr{Geve) P, (GeVic)

First Direct Photon Excess seen at low pT Photon excess is predicted
Temperature from thermal photon

measurement results in 300-500MeV at pT<10GeV

High multiplicity (~12000 h*/n)
Wide dynamic Range (0.1-80GeV)

Advantage at LHC
* Higher temperature, Longer QGP lifetime, Larger background photon suppression
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(3) TemperatL

Yarect INV. yield (GeVe))

re Sensor
RHIC In-direct (Internal Conversion) method
I Yoo AUAU (O-20%) ) )
Lo v e First Direct Photon Excess seen at low
pT by In-direct measurement at RHIC
_: PHENIX Preliminary
For Direct Measurement
105%_ - z)e(l;ll?alllhcrmﬁ l
10() 05 1 15 2 25 3 35 L((?(ir‘,t;:’

1. Higher Temperature = High Energy=LHC

2. Improved Experimental Calorimeter

LHC with precise calorimeter and
wide energy coverage (down to 0.1GeV)
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X (fm)

(4) Transparency
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H.Z.Zhang et al. PRL98(2007)212301 + slides at ATHICo08

Probe to the center of hot matter k
E — EJet

photon
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(5) Parton Identification
- Naively, gluon jet is quenched more than quark jet

= Strong Interaction Color Factor C(A) : C(F) =3:4/3
- Comparison between gluon and quark
= Extream test_of quenching effect

/ Single/Di-Hadrons/Jets \ ﬁ hoton-Hadrons/Jets \
: , QuarkGluon Jtat 4TV p+p collsion |~ QuarkGluon Jet Fraction in Dicjet Event | | - Q:larleIunn Jet Fraction in Gamma-Jet Event |
W e gl
$ © % osl | I- ~ H 08 Q k t
] T Gluon jet o7t uark je
T llzyTHIAT stj PYTHIA 5.5TeV 4+ Gluon j""twmm_:
B 8 i i 02 eI +
o F10ALI4TEN L ~Quarkjet 0 PYTHIA 5.5TeV
- 35 40 45 0'30_ 2'(:_47: GIO sln 160 + 150 K 2|0 4I0 slo alo 16(:)T(Gew;‘:)2 0
Pr{GeV pT(GeVic)

k Gluon Dominant / \ Quark Dominant j

[ Quark jet identification ]
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sihaalow

(n) A dark shape that someone or something makes on a
surface when they are between that surface and the light

[by longman dictionary]
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Largest shadow in Japan!!!
Taken from the top of highest mountain in Japan, Mt. Fuji.
Taken by H.T. in 1996 summer.
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Sh@@j@w R —EERD(GeVHE )BT Y — X —&

Finest GeV-photon calorimeter in the world
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Electro-Magnetic Interactic
Pair Creation T T T T T T
\\o T)
[ ‘G% ﬁ_oc?ﬁ = '_‘(b) Lead (2282) ]
photon - ‘.r@ % ‘. E E) o - experimental Gy,
electron : B G
photon positron ‘l’

Photon lose energy or convert into electron by
“Photoelectron absorption ( y+atom - ion+e”)”

Abserption coefficient. cm* a

Cross section (barns/atom)

1b

Compton ( y+e” = y+e’)” process e 1 keV MV 1GeV 100 GeV
Photon Energy
4 Pair creation dominates at > 10MeV (for Pb) N\
(cut of > 2M,)
7183} 7 A 1 A 1

O pir ~4ar Z|—n ) = =

9 Z3 J 9 N,". X{} N }L'pﬂff
\_ Pair production probability after Xo[cm] length is 1-e7/9=54%. J
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electron/positron

Bremsstrahlung

i
electron )

electron

BT IIIII|
\

Positrons
L~

>
o10)
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Lead (Z=82)

Bremsstrahlung

el Moller (e7),
# Bhablja
N .
'/Positron
a:[?)rll | %-4__1
10 100
E (MeV)

Energy loss by bremsstrahlung is characterized by “Radiation Length”

(in the high energy limit where the ionization loss can be neglected)

dE/E = - dx/X, 2 <E> = E *exp(-x/X,)

E£IIII|IIII|IIII|

4’10 =

4aN 4Z*r,* In

Critical Energy (E,) : “Ionization loss = Bremsstrahlung loss”

E.=6.9MeV for Pb

E. ~580MeV/Z

If the energy is less than E_, the e-/e+ lost
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Electro-magnetic Shower

photon

sl L

(1} 1 2 3
One pair creation on average after X , Ee*= Ee =zE /2
et and e radiate one photon after X,,.
et and e deposit “ionization energy” through matter
Continue 1-3 until Ee*= Ee is below the critical energy(Ec)
s Electron <Ec stop after ~o0.5cm(for Pb) due to ionization loss

= Number of shower particles (29) increases exponentially with
depth(d)
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In real life...

000 psec
N
5
3000
~
2500 E;
=
2000
100GeV
photon 1500
1000
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How mm(;ollect the Dep03|ted Energy?

3000

2500

MeV/2cm?

2000

1500

1000

500

-5 1]

« Collect Ionization energy loss (or Cerenkov light) by e* and e-
« Two type
= Inhomogeneous or Homogeneous
+ Inhomogeneous
- Sandwich with “heavy material” + “ionization energy loss detector”
- Homogeneous
- “heavy material” itself is “ionization energy loss detector”
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Inhomogeneous Calorimeter

- Inhomogeneous : Sampling Calorimeter
= Metal + “lonization energy loss detector”
+ Some exception is to utilize Cerenkov light emmission.
= Disadvantage: “ionization energy loss” in metal is not detectable.

= Three types for “ionization energy loss detector”
» Solid or Liquid or Gas

Solid(Silicon), Liquid( ex. LiAr),
Solid : Organic scintillator Gas(Ar+Co2, etc)
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Example of Inhomogeneous Type
PHENIX PbSc Calorimeter

PHZENIX

PbSc EMCal
Quad-Tower Module

Shashlik type calonmeter .
TUTNT LB DOR B
Wave Length Shifter Fiber ZHRIL THeWE Fr ke

N\

PMT

scintillator plate
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Example of Inhomogeneous : PHENIX PbSc

*Organic Scintillator
e5cm X 5¢cm X 4mm(thickness)
*Aluminum vapor edge on four edge,

. . PbSc
one cornor is remained open for Size(om x om) | 552 x552
monitoring light input. amber of towaral %60
Scintillation light are gathered through  [sampling fraction] - 20%

. . TN cov. 0.7
wave length shifter fibers and collected $ cov. 90+450eg
] mo 0.011
into a PMT. o/mes— oot

Xo 18
Moliere Radius ~3cm

PbSc sector 2.0m x 4.0m )
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Homogeneous Type

- Homogeneous : Crystal Calorimeter
s Crystal itself is “ionization energy loss detector”
- Nal, Csl, Bi4G, GSO, BGO, PbWO4, LYSO
- Scintillation radiation

= Some exception is a glass (PbGl) as a Cerenkov
radiator
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Crystal Development
» ~100 years development

i 1.5 X, Cubic Samples:

1% e

— ;,E,m, k& Hygroscopic Halides

Non-hygroscopic

Full Size Crystals:

BaBar Csl(Tl): 16 X,

L3 BGO: 22 X,

CMS PWO(Y): 25 X,

Xu](;(en—Yuan Zhu at CALOR2008

Fig. 1. History of the discovery of major inorganic scintillator nmLedM-J-Weber, J.Lumin 100(2002)35
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Example of Homogeneous Type: PHOS

&
£
3
3
o
X
e
o

CSP preamplifier g |
;@..5—?5
(FET based, 2x2cm) = 1 APD(5x5mm)

o Avalanche Photo Diode
(APD) + Preamp

— Hamamatsu Co.,

o PbWO Crystal

22 X 22 X 180 mm3 ~20,000yen/crystal

= ~2cm Moliere Radius, 20X, 8.2g/cm3 ~7,000yen/APD+~8,000yen/ Preamp

= Scintillation light (400nm-500nm) — 58148/ S8664(:55 )

= Operation at -25deg = 25ns — High Q'.E'(6O/°_80/°.)
decay,230pe/MeV — Low noise and capacitance

= With APD acceptance: — Thin photo-sensor

4.5pe/MeV@-25deg, 1.45pe/ MeV@+20d’eg1?lpr€r’lr;gL%rg‘cl ﬁggw temperature and

> North Crystal Co. Apatity in Russia
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Example of Homogenous Type : PHOS
- PbWO4 Crystal

- Fast Signal (~nsec)

> QOperation at -25deg =» 3 time
large scintillation photon

= Smaller Moliere Radius (2cm)
=>» Good 2 photon Separation

2x2cm2

5mmx5mim
Avalanche Photo Diode (APD)

« High Q.E.(60%-80%) ., . e
« Thin photo-sensor 'APD: Hamamatsu 88148/88664 55

+ Operational in magnetic |||I||l||| IHIHIII HHIHH HH|||H|

field

g g 3 A



Energy Deposit

E 5
G

1Ge)
phot

Detector Performance Requiremen

Bo

60

40
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< Linearity >

Larger energy photon
produces deeper shower

/ Uniform detection and \

collection of the deposited
energy plays an important role
in detector performance,
especially energy measurement
linearity and energy resolution
at high pT.
<keyword> is

\_  Uniformity  /
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Detector Performance Requirement(2)

29

<Energy Resolution>

Energy Deposit

ex. Number of scintillation photon
“The detectable object carry out part of all energy”
Statistical fluctuation = Energy resolution oc1/VE
<keyword> is

Efficient “lonization loss” detector

\ ex. large light emission, good efficiency, good sampling ratio

/~  From deposited energy into detectable object )

e A
shower Leackage
s keyword> is

mNnough Sizej

0
PHENIX PbSc
Energy Regvliititn

= CERN 10-B0GeV/c €

-------- 1.2%+6.2%NE(GeV)
e 21%@8.1%NE(GeV)

' M 4 R | . . PR —
1 10 10°
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Detector Performance Requirement(3)
<Position Resolution>

Energy Deposit

g B I _ _ 4000
| : 3500
3000
100GeV -
——>0 2000
photon - s
-  E ™ ALICE PHOS
ll:frl-:':'_-f. Tl = 500 Lateral position Res.
5 _ e i g 40 e 0=0°
/ Center of gravity is the measurement of the \ X —+ i
incident position and angle, which are affected by 3- . e
the lateral and longitudinal fluctuation. 25 Ty
<keyword> is 2
Small Radiation Length
= Compact shower == small fluctuation 3 |

\_ Measurement of fluctuation is another keyword. / f 0 £ (Gev)




Time to measure shine(photon)

by shadow(calorimeter) from QGP

at LRC
> "
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EMCal
TOF

Absorber

Tracking
Chambers

Dipole
Magnet

Trigger
Chamber

o
it
g
-----

e

1 Collaboration:

> 1000 Memberg:
> 100 Institutes |
> 30 countries

HMPID

Detector:
Size: 16 x 26 meters
Weight: 10,000 ton

—)
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ALICE Installation Status in 2009

Complete:
ITS, TPC, TOF,

Partial installation: 3 | ,
7/18 TRD ! | ‘
|

4/12 EMCAL

~60% HLT
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Name LAr Barrel | LAr Endcap | ECAL(EB) ECAL(EE)
Structure Liquid Ar PWO + APD PWO + APD ng + AP! 3
o | O<II<14, [ 14<InI<32, | O<InI<15, | 15<In<30, | IniK0.12, Inl<0.7, ]
21 21 21 21 0.6x 0.67
*) Two Separation
oo | 0003x0.100 | 0.025x0.100 0.0174x0.0174 Q_L
randlerity | 0.025x0.025 | 0.025x0.025 | 0.0174x0.0174 | | 0.004x0.004 0.0143x0.0143
M1 0.025%0.050 | 0.025%0.050 to 0.05x0.05 l
Q Cover Low HEnergy
w | 10%NE® | 10%NE® | 2.7%NE® | 5.7%NE® || 3.3%NE® || o0 o0 oo
| 0.5% 0.5% 0.55% 0.55% 1.1% ° 7

PHOS for low energy photon, EMCAL for jet energy




PHOS Calorimeter

PbWO, Crystal
Fast Signal (~nsec)
Operation at -25deg
Smaller Moliere Radius (2cm)
= Good 2 photon Separation

Avalanche Photo Diode (APD)
— High Q.E.(60%-80%)
— Thin photo-sensor
— Operational in magnetic

Heavy Ion Pub 2009/11/20 H.Torii

Combination of recent high
technology.

e Total 17920 channel
100deg -0.12<1<0.12

2
Ll --"';-f"q
S
o

3/5 modules for 2009 runs
Under cosmic commissioning
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EMCAL Calorimeter

Pb/Sc Shashlik
77 % (1.44mm Pb + 1.76mm Sci.) Approved 12/2008

e 10+2/3 Super Modules
110deg -0.7<n<0.7

6.0x6.0x24.6cms3 active vol.

Avalanche Photo Diode (APD)
— High Q.E.(60%-80%)
— Thin photo-sensor
netic

PO Hamam AR Four SM for 2009 run
|'|||‘||'n\||'||'u'!mmm\mmm‘ Complete for 2011
T UL Under cosmic commissioning
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Photon Spectrometer (PHOS
® High-granularity, high-resolution EM calorimeter
= 64x56x5 PbWO, crystals readout with APD/CSP
s Precise measurement of photons and neutral mesons
= level-0 and level-1 trigger
Partial installation 3/5 as of 2009
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PHOS Calorimeter

0.25 I
° Beam test 2002

~3% fluctuation term
o Beam test 2006 at -17 degrees 1s best value in the
world for the working
calorimeter.

0.15 =t et - m Beam test 2008 at Hiroshima

o /E

""""" Fit w/o Error

! n - w/o Error: g=—¢g—9

. {1)0'1 Ii 1 ”]. 10 | m1|02 .
Well controlled performance (energy resolution)

from 150MeV to 200GeV

.




WA98(cern)
1500
111T 1110 =
0.9 - 1.0 GeV/c2
1000

500

O 0.1 0.2

0.3

m__ (GeV/c?)

Pb+Pb 13GeV

nucl-ex/0108006

eavy Ion Pub 2009/11/20 H.Tor

Physics Potential: NeutrW_wZ

PHENIXeny

ALICEcern)

40000

20000

I

1-1.5GeVie

0

0.1 0.2 0.3
Mass(GaVic?)

p+p 200GeV run2

13MeV width of t@1GeV/c

150

1001

0 A Ll vl
0 005 01 015 02 025 03
M, [GeV/c?]

p+p 14TeV
GEANT simulation

> [oawe ]

Improvement of particle identification compared to the other HI exp.
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p+p at Vs = 14 TeV at ALICE



Heavy Ion Pub 2009/11/20 H.Torii

43

Ph%sics Potential: Neutral Pion in Pb+Pb
- Expected n° peak in central Pb+Pb HIJING

Sinificance distribution [CUT:Mass,asymmetry]

i? I —i—
\7 ‘ 100_—
5 'sn B
——
w: § Bﬂ_—
al 3
T —
slg o :
“lh 60—
40 — i
“w/oyID :
20—
n_l | 1 | 1 1 1 | | | | | 1 1 1 | | | | | 1
] 0 2 4 6 8 10
e Eno pT [GeVic]

5 more species (ﬁ, o, K°) under study

See talk (14™/Oct, Session BB-11) by Kenta Shigaki
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Physics Potential: LHC First Pb+b Year

2
o RHIC (Au+Au 200 GeV)
0 18— m° 0-10% (nucl-ex/0801.4020)
@ I 1 0-20% (PRC 75 024909)
L ® 0-20% (PHENIX prelim. Rund)
S 1.6— K'+K 0-5% {PRC 74 024904)
= Direct ¥ 0-10% (PHENIX preflim. Run4)
Q1.4
812l |
21
R
0
% 0.8 .
Expected at LHC
0.6F Pb+Pb 3900 GeV%
First Run in 2010
0.4} =70 e Direct y
0.2
llTllllll (] lI I I [} Il -I Ij I él
DO 5 10 15 20 25 30 35 40 45 50

pT(Gew::)

RHIC 10 years and LHC 15t HI year
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Physics Potential: Thermal Phoon

- expected signal/background ratio
s 4 ~10% (3 GeV/c) — 25 ~50 % (10 GeV/c)

- expected systematic error with ALICE/PHOS
s 8.9 % (2 GeV/c) —5.7% (10 GeV/c)

| With quenching |

Systematic error in thermal photon measurement is well smaller
than statistic error at the pT>3GeV/c




Heavy Ion Pub 2009/11/20 H.Torii

46

Current LHC RUN Plan

CERN DG message in Feb. 2009 from the Chamonix workshop:

“... foresees first beams in the LHC at the end of Sept. this year, with
collisions following in late Oct. A short technical stop over Xmas
period. Then run through to autumn next year, ensuring data ... first

new physics analyses ... the possible collisions of lead ions in 2010.”
Prof. Rolf-Dieter Heuer, DG

End of Physics,
SPS, PS, AD, nToF,

Oct Nov toolde Dec
Wk 40 4 42 43 44 45 46 47 49 50

l,__._
s
)

Mo 28 5 1z 13 26 )

Tu :[ 350} .....

— 30

We HWC |
Th )

Sa

- Tev | HLEA
: cigeray oo
- N | Joom ’ G betacs|| 2
Su 5 l_ TEST TEST

450
GeV

RAMP
TO

BEAM COMMISSIONING | 1
AT 450 GeV

m— o™ [+ 2000: o
i SPS et al physics * 1 month commissioning
« 2010:
DG message in Feb. 2000 * 1 month pilot & commissioning
that * 3 month 3.5 TeV
“The challenge now passes 1 month step-up (to be decided)
to RHIC and later to * 5 month 4 -5 TeV
CERN's Large Hadron e T montlh ions
Collider."



Let’s follow rabbit to wonderland!!!
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