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CdQuark Gluon Plasma (QGP)
»>T.~175MeV
»e-~1GeV/fm3

CSignatures of QGP at RHIC

»Suppression high p; particle
production

» Large anisotropic expansion

» Modification heavy meson
properties
I

TAC seminar 4



1 O Ll Ll
— (h*+h7)/2, s"? = 5500 GeV
5 -=—=- =% s =5500 GeV ?
10 — (ehy2 s =200 Gev Reconstructed Jet
———- g, S = 200 GeV
& 4 —_— (hW+h)/2,s"" =17 GeV ?
I> 10 ———— % s =17 GeV N
3
o — .
€ 10° Particle Jet
|_
=
=2 10°°
B
S
101 Parton Jet
1 0—12 ~~~~~~

150

[ Experiments at LHC are
suitable for Jet measurements.
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Jet Modification

STAR PRL 91(2003) 072304

rrrr [ 1 1 1 1 17

e d+Au FTPC-Au 0-20%

-~ 02— _
S . — p+p min. bias ﬁh i Reconstructed Jet
= B -
= - * Au+Au Central .
© - -

S 0.1— - \
= T : Particle Jet N'\ //1
T - ot kTP g e LR

L SURES A )

|

N e R D T S— Parton Jet | in QGP
4<thrig<6Gev/c’2<pTasso<thrig A ¢ (radians)

CIParton jet modification

» Collision with quarks in QGP
» Gluon Radiation
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CIParticle pdroduction is modified

> However....

<razimuthal information is minimized
<>we could not see the modification in jet bases
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C1Soft Particle production
» quark, gluon pair production in color field
» quark recombination
» Decay
» Conversion
» Expansion(radial, elliptic..)
CJEvent Characterization
» centrality

'/:'/,. AH Z 7 / Al
7 / /) Pb+Pb @ sqrt(s) = 2.76 ATeV
eve I lt a I l e A T 1 2010-11-08 11:30:46
y / ' Fill : 1482
A1 2 Run : 137124

Event : 0x00000000D3BBE693
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O LHC

> minimized azimuthal
information in current studies

O RHIC

» difficult to reconstruct jets
due to collision energy

comprehensive measurements are needed!
Jet and Charged Particle Azimuthal Correlation

To draw out jet modification effect directly!!!
I
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My Contribution

D M1,M2 2007-2008 D D1 2009 D D2 2010

m= = = | \RPC test & FTBL Const. .

TRD Test at CERN | @ | TRD HV & Data Base ’——————————

Jet Alg. study on Sim. | Jet Modi. study on Sim.
A 39NPD&APW A TRD work shop

D D3 2011 D D4 2012
. ws ww ww | LHC run |
| —— - ‘

PP
Jet Yield on Data Jet-Particle Study =% Pb-Pb

A APW A oM A Nagoya
JHEP 03 (2012) 053
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Large Hadron Collider (LHC)

CERN Accelerator Complex

BOOSTER
1972 (157 m] I
< >

=" [OProperties

—o » Ring Property
<*R=9km,2ntR?=27km

LINAC 2

LINAC 3
lons

2009 : pp 900GeV
2010 : pp 7TeV Pb-Pb 2.76TeV > Top Ener.gy

2011 : pp 2.76TeV,7TeV Pb-Pb 2.76TeV pp 1 14TeV

2012 :pp 7TeV,8TeV  p-Pb  2.76TeV <>Pb-Pb : 5.5TeV/nucleon
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A Large lon Collider Experiment (ALICE) ALICE

A JOURNEY OF DISCOVER

0 ZDC (n=t8)
» Trigger(offline)

O VZERO

» Trigger
» Centrality
» Event Plane

O ITS+TPC (-0.9<n<0.9)
» Trigger (ITS inner only)
» Global Tracking

MB: SPD| | (VOA| |VOC)~93% efficiency
|V,|<10cm (offline)
ZDC-A | | VO-A TPC ZDC-C ZDC timing (offline for Pb-Pb)

I
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Track Reconstruction

CGlobal Tracking (ITS+TPC)
>withSPD & ITSrefit @ p;~40GeV/c

> without SPD & ITS refit OPr/Pr  <10%
Efficiency ~ 80% PbPb

(due to SPD problem) ~ 85% pp

- > 12
o - i
=_ 0.14} ALICE, Pb-Pb, s =2.76 TeV, hi<0.8 (&) Charge:posmve
= B e  TPCATS p_resolution c HIJING 2010 (LHC11a10abis)
© o0.12~ fit (p,>1 GeV/c) L HIJING 2011 (LHC12a17a)
- 2 PYTHIA PbPb 2010 (LHC11a2a-j)
- % ] PYTHIA pp 2011 (LHC12415a)

PYTHIA PbPb 2011 (LHC12a15e
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AR |P =1 Kk, algorithm
p=0 Cambridge/Aachen algorithm
p=-1 anti-k;algorithm

d; = min(k;”

i

2
g

Procedure of Jet Finding

Calculate particle distance : d;; arXiv:0802.1189v2 K jet Cone jet
Calculate Beam distance : d;z=k;?? [hep-pn] (2008) T
Find smallest distance (d;; or d;p) N anti-k,, R=1 |

If d; is smallest combine particles
If d;p is smallest
and the cluster momentum
larger than threshold
call the cluster a Jet.

Parameters
- Rsize (= VdpZ +dn?) : 0.4
- pr cut of single particle : 0.15 GeV/c
- Jet enregy threshold : 10 GeV/c
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% 0.2: Efficiency [dR<0.4] 11-2 1 Di-Jet Event Selection
EO.15i —o——@ o _1 > pTIead >10GeV/c
op 7TeV —;0.8 > p_l_lead > stub-Iead >1OG€V/C
0.1 —:0-6 > COS(¢Iead'¢SUb_|ead)<-O.5
O e e o Jo2 Eé pp 7TeV 2
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leading .
Py [GeVll centrality

O Within the acceptance,

almost leading jets are reconstructed as leading jets.
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Centrality

£1o3;' Pbats. =376 Tev | [ ALICE Performance
S e @ | OGlauber Model
W | —— Glauber fit L3 E

N M g > Thickness function

10 i » Wood-saxon

1 _ distribution
" 1 DOproportionality of
) particle production
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Event Plane

e ALICE detector 1 acceptance .
E , TPC (tull tracking) 1 ] E w?, S1n ’]’I,¢Z
5 8~ ; .: :SPD outer layer E P : wn — (tan_ 1 )
N ey Y| MSm— n E W; COS N;
§ ! Y RL [ Points!! ’
z i}
12 i » Large n gaps to reduce non-flow effects
I » Re-centering calibration was applied
-6 -4 -2 0 2 4 6 8

-3.7<n< _Pl;’p;yg <n<5.1 » U, is reconstructed for the analysis
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Jet Momentum Enhancement w.r.t EPF|LICE

Jet Momentum p; GeV/c

centrality 0-5% 5-30% 30-60% 60-90%

Acb (Jet EP) rad

CdReconstructed jet’s momentum is strongly
biased on centrality and event plane.

# We have to correct jet momentum

I ———
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Back Ground Subtraction

total

“ f=A+Bcos(2(¢p—13))+C cos(3(dp—1)3))

d¢dn

n BKG d %tal
= A X

DT rea dodn

LFill particle with their p;
® OFit function to 2D histogram
LSubtract BKG from Jet p;
OCalc. <p;#¢> at ¢ (dR(jet-bin)>0.5)
OCorrect bin value p;°i" - <p s>
¢ OJFit & subtract again

4 University of Tsukuba
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centrality 0-5% 5-30% 30-60% 60-90%

Jet Momentum p; GeV/c

Ad (jet-EP) rad

[0 We got uniform momentum distribution
w.r.t EP after BKG subtraction.

1 Still have slightly EP dependence in
mid-central, peripheral due to pass length dependence

of Jet modification.
o SS———
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| njet | <O.5, | nparticle | <0.9

1 02 b 20 leading-Jet
’G ; <p; <40 (GeV/c)
3 Uncorrected
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PERFORMANCE
31/07/2012

)

/ » Sub-leading jet properties

» Underlying momentum
» fragmentation function

1 Topics
> pp

< Trigger momentum dependence
<> Center mass energy dependence

» Pb-Pb
< Centrality dependence
< Jet modification

TAC seminar

0 Momentum distribution of associate

particles w.r.t Jet axis.
_— > Leading jet properties (p; and op;/do)
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< 10°F q0< piaeneet < 20 (GeV/c) 20< ple*"I¥! < 40 (GeVic) S 10 E 20< pleadinaet <40 (GeV/c)
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© [ 015 < P2 < 4.5 (GeVic) PP @ Is = 7TeV @ PP @ Vs = 2.76TeV
) Tirack anti-k; R=0.4 O] anti-k; R=0.4
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1 1 3
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O Peak width and height depend on trigger jet momentum.
LI Underlying momentum depend on center mass energy.
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pp 2.76TeV

20<p,'*29<40GeV/c |

In’et] <0.5
I nparticle I <0.9

PYTHIA 2.76TeV
20<p,'*29<40GeV/c

. ( )
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,irac
SSSSS

PYTIA Jet has good agreement with Jet on Data
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(GeV/c)

article
= pP

Pb-Pb 2.76TeV  BKG is subtracted for Jet and associate distribution.

0 1

4

53 i

1

0

- 0.15< thrac
0.15 < p®s°¢ < 45 (GeV/c

T,track

(
(

[ 0-15 < p=* < 3.0 (GeV/c
(

T,track

0 15 <P <1.5(GeVic

T.track

)
)
)
)

We would like to minimize
BKG flow effects!!!
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5-30% |

60-90%

@ L

p+p

30-60% |

40 1 2 3 4
A¢ (Jet-Particle) (GeVic) A¢ (rad)

] Jet modification effects
» jet momentum scale
> associate distribution modification

] BKG flow effects
» jet momentum scale
» associate distribution modification
B
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Scaling Factor
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A ¢ (jet-particle) rad

Estimated Modification
Jet energy scale

associate distribution
0.15 < passe°© (GeV/c

T,track

)
[ 0-15 <P < 4.5 (GeVie)
[ 0-15 < p== < 3.0 (GeVie)
@ 015 < P> < 1.5 (GeV/c)

T.track
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(GeVlic)

particle
-

zp

YPo-PE_yPP Gev/c
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GOl
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W R
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5 D p ack
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— [ 5 <p_|_asso.
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e — A ] T
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.
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o |
E g centrality 0-5% 5-30% | 30-60% | 60-90%
%.- 2 e .'.- n @
g 0 e P " - S N— a0 gyt
S i

¥ I ; I

-1 (fenend

-1 6 ‘.I é C; 4.- -1 0 1 2 3 4 -1 0 1 2 3 4 -1 0 1 2 3 4
A¢ (Jet-Particle)

] Near Side
> high p; particle is suppressed, low p; particles enhanced
» modification is saturated? -> jet E scale effects due to jet modification?

0 Away Side

> high p; particle is suppressed, low p; particles enhanced
» But difference of high p;and low p; decrease with centrality? -> jet E scale?

L ———
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-Y?® GeVic

yPo-Pb

-10k

YPFP LY GeVie

[4)]

ry

o
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T

10<p,'®2d<20 GeV/c

o

L}
[6)]
T

U1_o
T T

A ¢ (Jet-Particle) rad

45 <pTaSSO.

3.0 <p;*°<4.5
1.5 <p;#°<3.0
0.15<p;*%°<1.5

CISuppression & enhancement stronger with
trigger jet momentum.
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Summary & Outlook

CIFirst Pb-Pb runs are analyzed for jet measurement.
[IBKG subtraction technics are established.

[ClJet Particle Correlation is also established.

COWe see flow effects in jet modification.

COWe could draw out jet modification effects in JPC
> high p; particles suppression with azimuthal info.
> low p; particles enhancement with azimuthal info.
» re-distribute of low p; to large angel (cf CMS)
» jet modification looks balanced

» jet modification quantity larger with jet momentum

I
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outlook@ outlook

OAKESE, DTy FLE

=]
=

(KB ARA T

COQPYTHIAZL E D Jet modificationzZ ELT-ETJL

DFa1—=2%

OPYTHIAY =Y EQPYTHIAL v R D X F
> cf)quark jet, gluon jet #/\L—3>
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5 10° [1<A <0.19] 3
I~ o
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e pIsso.-particIe 3
Q] DO.15<pT <45 |
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.(% - 0.15 < p:sso.-partlcle <15 :
Q.Q_I—
W

University of Tsukuba

DV sk

2012/Dec./19

[0.19 <Aj <0.38]

14/12/2012
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Uncorrected

[0.38 <Aj 1

pp @ Vs = 7TeV
anti-k; R=0.4

do(Jet-Particle) [rad]
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'3‘ 102 [1< erc::d-Jet <7] l.- [7< er::d-Jet <10] [10< MI:f:d-Jet ]
~ . k : .
> - asso.-particle Uncorrected
& 0-15< pIsso.-particle : pp @ E =7TeV
O [Jo.15<p <45 | .
q;_. - 0.15 < p-al;sso.-particle <3.0 an“_k_r R=0.4
o 10 - 0.15 < p;sso.-particle <15
g ' T “ 14/12/2012
o
W
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do(Jet-Particle) [rad]
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Energy Flow

o o lead lead .
% o - 10<p;®29<20 [near] 20<p,*29<40 [near] Centrallty
S F e e = — -

z f ’ 8- 0-5%

S f 1

: S ® 5-30%

o 10 10<p-'€29<20 [away] 20<p-'ead<40

Ehe ., e T @ 30-60%
“© w *— - - .

g. 1-® 60-90%

associate particle momentum GeV/c
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