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Before my talk...
A short history; Relationship between Hangzhou and Japan
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- Hangzhou #1/M : Capital of Song dynasty (Southern Song 1127-1279).

« There is a trade between Song Dy. and Japan (Hakata) in 10-13 cent, HRE%
 From Song: Cupper Coin, Silk, Chinaware, Book, Canon of Buddhism, etc.
 From Japan: Gold, Silver, Sulfur, Pearl, Handcrafts, etc.

 Big impact on development of Japaanese economy at that time!
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Outline

1. Introduction
— Parton energy loss & jet quenching
— First results on jet quenching at LHC

2. Dijet Calorimeter (=DCal) in LHC-ALICE
3. Physics cases for DCal

4. Current stats and plan

5. Summary
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1. Introduction:
Parton Energy Loss

After the discovery of
QGP at RHIC, we are now
interested in the
properties of QGP in
detail.

From discoveries to
precision measurements.

Energy loss of parton
(AE) in hot and dense
medium has a rich and
key contents to identify
the QGP properties.
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Analogy: dE/dx in QED

Energy loss of charged particle in a matter
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e Energy loss in QED plasma gives T & mo info.

Yasuo MIAKE. March 7. 2011 Yonsei. Seoul 6

Can we understand dE/dx of parton in QGP like this?
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Ingredients of parton energy loss
in hot/dense matter

Figures taken from Christof Roland’s talk (QM11)
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« These ingredients are sensitive to medium properties, and location and
time of the process happens.

* Direct jet reconstruction - a crucial role to determine the medium
properties.
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Direct jet quenching is seen at LHC!

Calorimeter
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A,. di- jet asymmetry
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* Quantify jet energy imbalance by the asymmetry ratio.
* Large asymmetry is seen in energy imbalance.
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Highlights on jets at LHC (QM2011)

1. Extremely large energy loss on the away side jets. aialds ch (E)

— Large energy asymmetry in central Pb+Pb.
— Jet ch ~ 0.5. =3 Aoriizt;élitgz ?-10&
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2. Little modification of jet shape - N
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What’s next?

* One has to study this very interesting phenomena in great detail
from many aspects.

* (personally) Interested in the medium response (soft particle
production) by the passage of energetic parton and its energy loss.

— Re-heated matter?
— If so, what the mechanism of re-heating?

In order to answer this question:

“Jet axis” is one of the key parameters. Then, measure the other
observables surrounding the jet jet axis, including soft particles.
— Particle composition of bulk soft particles produced by jets.
— Reaction plane dependence of jet properties (path length effect).

* ALICE has an advantage of this kind of analysis.

11
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2. DIJET CALORIMETER (=DCAL) IN
LHC-ALICE

Symposium on Jet Physics at RHIC and LHC, Hangzhou, China,
July 21, 2011 (T. Chujo)

12



ALICE experiment

ALICE = A Large Ion Collider Experiment

* Dedicated heavy ion experiment at LHC:
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Key detectors for jet measurement in ALICE

* TPC (+ITS)
— Charged particles Anj = 1.8.
— Excellent momentum resolution.
— Excellent PID and heavy flavor

tagging.

« EMCal
— Pb-Scint sampling EMC.
— Ap=107°,An=1.4
— Energy resolution "'10%/\IEY

— Jetand y trigger
 PHOS
— PWO crystal EMC.
— 220°< ¢ <320° An =0.24
— Energy resolution ~3%//VEy
— vy trigger.

EMCal

Symposium on Jet Physics at RHIC and LHC, Hangzhou, China,
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Fluctuation by neutral

Charged
(2/3)

N ~15@100Gev
FJET 2
=@ Neutral
<<<Z’ — (113)

~7@100Gev

FJET=FCHARGED + ENEUTRAL

d FCHARGED = -d ENEUTRAL

« Currentjetidentification in ALICE is limited, due to the limited
acceptance of EMCal; neutral component does matter.

« Statistical fluctuation with total energy limitation.
— Total jet energy is fixed.
 fluctuation of neutral play significant role

* Need larger acceptance EMC on opposite side of EMCal in

15
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ALICE Dijet Calorimeter (DCal)

July 21, 2011 (T. Chujo)

- Extension of the acceptance of
EMCal .

« Lead-scintillator sampling type EMC
with APD readout.

EMCal: Ap = 110°
DCal: Ap = 60° (on opposite side
of EMCal)

An = 0.7 for both EMCal and DCal
+ PHOS

~10%/VE

« Allow back-to-back hadron-jet, di-jet
measurements in ALICE, with R =
0.4, up to pr~ 150 GeV/c.

« Enhance jet, y trigger capabilit}]/.6
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D-Cal Design

DCal - 6 super /4 -
modules 4 n~0.7

PHOS - 5 modules
shown

6 Super Module configuration was chosen to have a
largest possible jet radii in DCal, together with PHOS,
i.,e. R=0.4

Workshop for ALICE upgrades by Asian countries, Yonsei Univ. Seoul, Nov. 6, 2009 (T. Chujo) 17
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ALICE-DCal Collaboration

China

Huazhong Normal University (CCNU), Wuhan m
Finland

University of Jyvaskyla .
France

LPSC Grenoble, Subatech Nantes, IPHC Strasbourg

Ttaly
INFN Catania, LNF Frascati,

Japan
Hiroshima University, University of Tokyo, University of Tsukuba,

Switzerland
CERN

USA

Lawrence Berkeley National Laboratory, Wayne State University, University of
Houston, University of Tennessee, Lawrence Livermore National Laboratory,
Yale University, Oak Ridge National Laboratory, Creighton University, Cal Poly
San Luis Obispo, Purdue University
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3.Physics case of DCal

* Casel: Jet-Jetin p+p
* Case2: Jet-Jet in Pb+Pb (quenching effect)
* Case3: mt%-Jet in Pb+Pb

— Notes:
 MC simulation study using gPYTHIA.
e “DCal” means including PHOS acceptance, i.e. DCal+PHOS.

e Uncertainty on data points: Pb+Pb (central 0-10%) @ 5.5
TeV one year running statistical uncertainty (= 0.5 nb™).

 Jet reconstruction: FAST jet anti-kT algorithm, R=0.4.

19
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Casel: Dijet in p+p

DiJet Energy Ballance distribution EMCAL
Jet (trig)
©
@ [ Pb+Pb minbias at\s_=5.5TeV —=— Without DCAL
> - binary scaling from p+p i Gap : 47=0.08 (~I9cm)
100: L=0.5/mb/s; 1 year=10"s Gap . 37+0.04 (~20cm)
||  Jets by Fastjet(Anti-Kt) with R=0.4 & Gap : A7=0.02 (~10cm)
. B, 00 e - %] < 0.5 —— No Gap between PHOS & DCAL
80— &l
:
60— l 3
N 8l * Dijet energy balance, A.
3ol 4363 * No quenching (p+p)
1 ' * True dijet peak A~0, except
B . without DCal.
201~ ) * No clear peak EMC-TPC (no
[ 0 DCal).
obscd e v v vl L L i e * Asymmetric shape due to recoil
-2 -1.5 -1 48 __.0 D" 5

jet escape the acceptance of
~ (E; = EFY“"Yy Dcal, and jet from BG.
(E]l?Cal + E]l:?MCal)/z DCal is essential for better A
resolution.
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Casel: Dijet in p+p

EMCAL
Jet (trig)

DiJet Energy Resolution

r Pb+Pb minbias at\[s, =5.5TeV

0.5 : binary scaling from p+p
L=0.5/mb/s; 1 yoar-‘lo' s

| Jets by Fastjet{Anti-Kt) with R=0.4 o S )
0.4+ b“out'ouv-:u -x|<0.5 0.5'52“‘* E‘gm
0.21- ® DCal improves the energy balance

C  p—y— Without ngoco%( — resolution from ~35% to ~25% @
0.1 === Gap :An=0.08 (~

B Gap : An=0.04 (~20cm) E,EMCal = 60 GeV, down to <20% for

[ —— g:%: An=0.02 (~1g;:‘r3)s . .

o~ 1 l 1 A 1 l L I A l'pl A A l nj 1 A l A ' L l A A A 1 A hlgher ETEM0a|.
60 80 100 120 140 160 180

Thereshold for Jet™“*" [GeV] @ Small effect by gap between PHOS
and DCal.
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Case2: Dijet in Pb+Pb, quenched jet

~| Pb+Pb (gPythia, <G> = 50GeV*/fm)

1 \5=5-5TeV, 0-10% central =0.289

- L=0.5/mbl/s, 10° sec

i DCAL(R:C(:.:t)-EMCAL(R=0.4) Mean=0.161

- E, ~>100GeV
-Illlillll.i.._u.L'h-l-llillllilll‘l.-Hilllli
3 -2 -1 0 1 2 3

Energy Balance
A _ (EYI?Cal _ EfMCal)
(E]l?Cal + EJE}'MCal)/z

EMCAL

Jet (assoc)

Jet (trig)

Same as “Casel” but, required trigger
jet in DCal side instead.

“Tail” on positive side due to trigger
for DCal.

In this case, <ghat> = 50 GeV?/fm, and
DCal jet energy threshold of 100 GeV.

Peak: true dijet with quencing.

— look at sigma, and centroid to quantify the
jet quenching effect (see next slide).

Tail: recoil jet out of acceptance, BG.
22
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Case2: Dijet in Pb+Pb, quenched jet

EMCAL

Width Centroid Jot (assoc)
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Red: <ghat> = 50 GeV?/fm, Black: <ghat> = 0 GeV%/fm.
Broadening of peak is seen for jet quenching.

Shift of centroid -> energy loss.
Using one year Pb+Pb running (in this model & parameter set), possible to study jet

quenching effect up to E;°% ~ 150 GeV.

23

Symposium on Jet Physics at RHIC and LHC, Hangzhou, China,
July 21, 2011 (T. Chujo)



Case 3: n’-jet, control path length

EMCAL

R=7_Tfm -X X X

* Trigger i’ in DCal, requiring jet in EMCal.

* Producing strong geometry bias by hand, i.e. “control” the
path length of jet.
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Case 3: n’-jet, control path length

Qhat=0
GeV2/fm

Qhat=20
GeV2/fm

Qhat=50
GeV2/fm

pi0 Et > 5Ge

v

pi0 Et > 20GeV

| E »10GeY '
[

| B e & b L o N L oA @
¥ had M AAdd MALE LAdy Aad

5 :
suly 21, 2u 11 (1. wnljo)

Jet (assoc)

» Hard scattering point (in x-y plane)
of trigger n® with associate recoil jet.
 The higher E; n%, the stronger
surface bias.
« <ghat> =20 & 50 GeV?3/fm
« small difference.
—> can be used as geometry
measure of emission point, without
knowing the quench parameters.

25
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Case 3: n’-jet, control path length

EMCAL

Recoil jet (EMC)

L) L

Qhat=50GeV*/fm : P} >20GeV/q
Qhat=50GeV*/fm : P} >40GeV/q
Qhat=20GeV/fm : P, >40GeVi/q

Qhat= 0GeV3/im : P| >40GeVic

4 6 8 10

12 14 16 18 20

Path Length [fm]

Jet (assoc)

Trig n (DCal)

<@~ Qhat= 0GeV/fm : P} >40GeV/c

Qhat=50GeV’/fm : P} >20GeVic| .
Qhat=50GeV/fm : P, >40GeVic | i
e Qhat=20GeVim : P} >40GeVic| -

4 6 8 10 12 14 16 18 20

Path Length [fm]

Trigger nt° (right): Minimizing path length.

Recoil jet (left): Maximizing path length.

Path length of jet medium, “contro

I"

experiment.

Efficient trigger of t° (Level 1) is the key, and it is capable by utilizing existing level

1 readout for EMC.
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Other interesting measurements with DCal

x-Jet Di-jet z%-Jet

_'et: ‘&‘__\*\ / bl

— Golden channel. \ =

— Complementally to h (xt%) -jet, jet-jet. N ,%-r—é/’" :
Medium responses with jet axis
Ridge study with di-jet & 7° - jet * High multiplicity p”"ﬁ”"’ @ 7 TeV (ALICE)

° W “’t«b( - \ % y - o N ),

Reaction plane dependence of: /”p \ L \‘ /)

— di-jet energy balance

— n%-jet I
Discrimination of quark jet, gluon jet

— Study of energy loss mechanism.

— Multiplicity, y-jet (mostly quark jet) can be used.

CMS 2010, Vs=7TeV

MinBias, 1.0GeV/c<p <3.0GeV/c N>110, 1.0GeV/c<p<3.0GeV/c

>

Heavy flavor tagged jets

— Energy loss for ¢, b quarks.

R(ANAD)
R(AnA})

Multi-jet events

Jet quenching in High multiplicity p+p.events?. .

July 21, 2011 (T. Chujo)




4. Current status and schedule

DCal has been approved by the ALICE collaboration, Oct. 2009.
Module production in France, Japan and China has been basically completed.

— 3.0 SM from Wayne State Univ. (USA)

— 1.5 SM from Tsukuba (Japan)

— 1.0 SM from Wuhan (China)

— 0.5 SM from Nantes (France)

* Total: 6 SM (192 x 6 = 1152 modules) for DCal. :

Integrated SM in Nantes, Grenoble. zi/

Installed in the ALICE experimental area during the long LHC shutown in
2012-2013.

28
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EMCal status in 2011

BT = : .

_—. ,_

| X

.‘ 7 y

* OnlJan. 2011, EMCal installation has been completed.
— 2880 modules installed in 10 super modules.

— Principal construction sites: USA, France, Italy.
e Started data taking with the full EMCal coverage from LHC11.

29
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DCal + PHOS

Next, DCal

&

3/5 PHOS
10/18 TRD

18/18 TOF
10/10 EMCAL




At Tsukuba (Japan)

(July 2011

All module production has been completed

posium on Jet Physics at RHIC and LHC, Hangzhou, China,
July 21, 2011 (T. Chujo)

vyl

31



At Nantes (France)

All module production has been (or to be) sent to Nantes.

—~—

Symposium on Jet Ph
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At Catania (Italy)

Hiroki & Maya at Catania fir APD & module assembj

Hiroki Yokoyama

Module Assembly & APD assembly/calibration at Catania

33
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At Wuhan, CCNU (China)

* All mod duction will be finished by JuI 2011.
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5. Summary

Dijet Electromagnetic Calorimeter (DCal) in ALICE experiment
provide a powerful & crucial tool to investigate hot and dense matter
in HI collisions at LHC, through dijet and n%-jet using jet axis:

1. Di-Jet correlations:
« Energy balance of jet.
2. n%-Jet correlations:
« Control path length of jet.

Together with other measurements (e.g. y-jet, reaction plane dep.,
medium response), one may get a complete understanding of jet
quenching mechanism at LHC energy, i.e. “jet tomography”, and the

nature of QGP.

DCal will be installed in the next LHC long shutdown (2012-2013), and
will be ready to take 5.5 TeV Pb+Pb data in the following year.

35
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BACKUP SLIDES
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VHMPID

DCal Integration
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Lead

Paper

-~

DCal (6 SM.)
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Tower Size (at =0 ~0.0 % ~6.0 x 246 cm” (active)
Tower Size Adx An=00143 x 0.0143

, L2 4 APD/module [
Mdule (77 lay®cs) |

Sampling Ratio 144 mm Pb/ 1.76 mm Scintillator
Number of Layers 77

Effective Radiation Length X, 123 mm

Effective Moliere Radius Ry 320cm
Effective Density 568 g'em’

Sampling Fraction 10.5
Number of Radiation Lengihs 2001

SM. (192 modules)
39



Possibility of Parton ID

]

b

q

g

N_, and 2N
b

Charged particle multiplicity, 2

e
=

w0 |
s |
20 f
155

10 |

CDF, PRL94(2005)171802

- uds-quark jets:

® DELPHI

¥ OPAL

m LEP-1&SLD
* MARK-2 & TPC
O CDF, quark jets

| 3NLLA fit (CDF
| data), quarks

Gluon jets:
* OPAL

A CLEO
O CDF, gluon jets

“ 3NLLA fit (CDF
k data), gluons

® As a new generation exp., from
Particle ID to Parton ID !

® According to CDF exp.,

charged/neutral works

®Might be very difficult in heavy ion

environment
®Nevertheless, challenge!

@1t becomes feasible for higher pt

jet
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Jet trigger in Pb+Pb

Fig.8.4 of TDR

< | ! | ! | ! | ! | ! | ! |
3 . Back:
- C ground energy
) o 100 GeV jet energy
§ A 50 GeV jet energy
s -
Backgroun
200— —
- Rcone = 0.2
- Gey -
b
o 1 1 | 1 | 1 | 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 2
Rcone

®With Rcone = 0.2, triggering jet of < 50 GeV

becomes difficult.

@®Back-to back

Workshop for ALICE upgrades by Asian countries, Yonsei Univ. Seoul, Nov. 6, 2009 (T. Chujo)
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ratio: h-recoil jet Au+Auw/p+p

10"

Full jet reconstruction, and
h-jet correlations at RHIC

AuvAu: 10% most central events Key to understand jet in HI collisions:
- e (1) correlations, (2) fully reconstructed jet.
\ A

. ¥ + ) A % . L \
| STAR Preliminary * N

Jet: anti-kt R=0.4 ~- }'— \tt '?ef‘o/'lje \ Rece,

o AusAu/p+p p">-5.o pi>6.0 % ¢ N Cojy Jeo ¢

« AusAu/p+p p!>6.0 p’>4.0 //‘ . 4 : :

» AusAu/pep p'>6.0 p’>2.0 \.\

NPIPINS IPINPIPE PRI INPUPIN IPUPIPY PO PO -
Py (GeVic)

« Used fully reconstructed jet (by STAR TPC & EMC).
» Trigger high p; hadron, and look at recoil jet in away side, measure
conditional yield in (Au+Au / p+p).
« Stronger suppression for lower recoil jet energy.
« indicating broadening of recoil jet cone size.
« “Controlled” surface bias. 45
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Case 3: n’-jet, control path length

EMCAL

Jet (assoc)

semi-inclusive jet spectrum ity |
(:ﬂ?o-jet) AU +AU/p+p 0 (trig)

- C g 03r
S L e —e— p-p (vacuum) = - .
8 L T ) C qPythia Pb-Pb @ 5.5 TeV p > 20 GeVic
£ 102E e —*qHat=20 S 0.25
- = '_‘_'._H - C
% E ’—.—:_._4 e —— qHat =50 !IU C —&— gHat = 20/ p-p (vacuum)
1.',‘\ B e *r—ﬁ o r
- L e —.— —.— o 02_+
g »—0—:_._‘ b—.—:_._4 -—.—:_._. :g C o —a— gHat =50/ p-p (vacuum)
e 103 e es e S - e
NZ E e —e— e T C —4—
o - —— e < 0.15— —
2 L 4 — - ,_*_,_%_(
= e 2l > 3 4
z - = S iaa ® - e
= & e e .t +
104 F 4 o 0.1- ++
E '_f_'*’—i‘:_?_‘ = r +
" qPythia Pb-Pb @ 5.5 TeV p? > 20 GeVic + S 0_05:_ 4t W
1063_|1|||||]1|||1|1|1|1|1||||1|l|1|l :l l | | | | | | |
20 40 60 80 100 120 140 160 180 111 111 L1 111 L1 1 | - 111 111
20 40 60 80 100 120 140 160 180
Recoil jet
E; (GeV) El:ecoil jet (GeV)
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RHIC vs. LHC
e e

Vs, (GeV) 200 5500

T/T. 1.9 3.5-4.0
e (GeV/fm3) &5 15-60
T qgp (fM/C) 2-4 >1C aypu e
A- £ % % | Annual yields in ALICE
RHIC [BES ° | Amuelviidsin avc
T[S Ogeom
woo b < O Pb+Pb minbias
. . e binary scaling from p+p
* LHC: Jet production dominant. 5 L=0.5/mbrs; 1 yoar=10° s
2 e  EMCAL: ArpAg=1.4x110°
— Study the matter by clean many 5.0 1 L1
BB Ry
hard probes, and look at response | < | "\*
. . . E iy
of bulk matter in HI collisions. N
LHC:
Inclusive jets (R=0.4), “"F
annual yield; 10* @ o'l
p; =200 GeV/c ] | o
(5-5 Tev’ Year_l) loz._E“;H[1111111111111111111]111111111111111
0 20 40 60 80 100 120 140 160 180 200
Symposium on Jet Physics at RHIC and LHC, Hangz Eti_ul (GeV) or pf_“l (GeV/c)
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0.5

R,a: RHIC vs. LHC, Similar R, ,!

0-5% ALICE with 0-10%
PHENIX Centrality

PH . ENIX

Preliminary

P% W

h* ALICE Pb+Pb \[S, = 2.76 TeV (0-5%) —
h* PHENIX Au+Au \Sy, = 200 GeV (0-10%)-
n® PHENIX Au+Au \[s,, = 200 GeV (0-10%)_

0-5% ALICE with 0-5%

0

5 10 15

20

o (GeV/c)

OYHIpUSIULL

July 21, 2011 (T. Chujo)

PHENIX Centrality
}15 "I""I\{'_'"I""l
5 + h"ALICEPb+Pb\/s  =2.76 TeV (0-5%) —
(14 = h* PHENIX Au+Au \[s, =200 GeV (0-10%)-
= n° PHENIX Au+Au \[s, =200 GeV (0-5%) _
) 0 Il-
i PHENIX )
i . Preliminary
N
— 0.5+ _% -
:r.\ ﬂi;a Jr‘ * ¢
o I |
l..gst.*v.ﬁ ags .: #
0 1 1 1 1 l 1 1 L 1 I 1 L 1 1 l 1 1 1 1 I
0 5 10 15 20
P. (GeV/c)

v el rnya18S at KHIL and LAG, Hangznou, unina,



RAA

RAA. Rise for pT>1O GeV/c

T T T T T 17T I T T T T T 1T 1T l

B SPS 17.3 GeV (PbPb) GLV: dN/dy = 400 1
2 B o 1 WA9B(0-7%) GLV: dN jdy = 1400 ]
| RHIC 200 GeV (AuAu) GLV: dNj/dy = 2000-4000 h
B O 2% PHENIX (0-10%) — YaEMD 7]
— X —— elastic, small P, —
1 5 - ¥ h™ STAR (0-5%) —— elastic, large P__ ]
i SPS LHC 2.76 TeV (PbPb) — VaJEM B
| J ® h* CMS (0-5%) —— ASW |
L “l) s h* ALICE (0-5%) PQM: <G> = 30 - 80 GeV2/fm |
1 _..,_<H>.’. .‘ .................................................................................................................... ]
B ,¢ ! w CMS preliminary -
0.5 L -
o ]
0 B ! ! l l ! |

1 2 3456 10 20 30 100 200

P, (GeVl/c)

Strong constraint on the parton energy loss models

RAA

1.5

0.5

I_ CMS I'-‘lrelinllinalry| a
| PbPb\[s,, =2.76 TeV, I Ldt=7 ub"
- E=w== CMS 0-5%, n|<1.0

T T T T T 01
0-5% —

«  Alice 0-5%, [n|<0.8 Tt

Minimum R4, is ~0.1 at p;~6 GeV/c; stronger suppression than RHIC (R,,~0.2)

Rise to Ry,

~ 0.5 at p;~30-40 GeV/c and stay constant (?)
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Where energy/momentum goes (CMS) (1)

Missing p{: #1= Y —pI*cos (¢1rack — PLeading Jet)

Tracks
0-30% Central PbPb . - .
T Calculate missing p; in
cms 0-30% .
sl PoeeBNE27sTeV _ ranges of track py:
f Ldt=6.7ub" : excess away ) -
sl : { |from leading jet ® >05GeVic
q o ] 0.5-1.0 GeV/c
3 . e ] [ 1.0-2.0GeV/c
4 ] 2.0-4.0Gevic
20 excess towards £ 4.0-8.0 GeV/e
ol Ieading jet - > 8.0 GeV/c
1111 I 1111 I 1 111 I 111 1 I 1 1 1 1 ¢
0.1 0.2 A, 0.3 0.4 \
balanced jets unbalanced jets

The momentum difference in the dijet is
balanced by low pt particles
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Where energy/momentum goes (2)

Missing-p-!
in-cone /=,
f ﬁof-cone
i

llllllllllllllllllllll

Fry Pt
- @ >05GeWe In-Cone 1 Out-of-Cone
[ ) 05-1.0GeVic AR<08 L < h
. ) 40F 3 10-20Gevc 1 AR<0.8 ;

f‘p‘"‘ g - [ 2.0-4.0GeVrc 1 .
y AN ool EEEE 4.0-8.0Gevc T ==
)f Y ° . I > 8.0 GeV/ic 4 —_ t ]

) > I ' o R
[ } S o ;

: Y |
¥ -
20 -
. . |
s " : |
-40 - . -
: arXiv:1102.1957 [nucl-ex] ;
L.,..l....l...,l...‘l 11111111 Lo bvw v b v b gn

0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4

AJ AJ

3rd lesson learned:

The momentum difference in the dijet is balanced by low p+
particles at large angles relative to the away side jet axis
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