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

CIParton jet modification

> Collision with quarks in QGP Reconstructed Jet
» Gluon Radiation
] odl Particle Jet N’\\ //1 .
Peone) = / N / dwdzde™ A
at9. =0 AE = chqALQ’ G = /’L%/)\g Parton Jet | in QGP

A,=1/op, p(dN,/dy) atGLV
gluon densit
p~ potoat BDMS

initial temperature
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PHENIX Au+Au (central collisions):
| Direct v

parton ener gy loss (dN/dy = 1100)
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Jet was not reconstructed

Nuclear modification factor

dNAA—>h+X
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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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Two Particle Correlation Momentum Asymmetry in Di-Jet

T - A B e
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Energy Loss
Spread Angle

1/Nygger IN/A(A0)

0
< >
' p/T

A ¢ (radians)

0 RHIC O LHC
» difficult to reconstruct jets » minimized azimuthal
due to collision energy information in current studies

comprehensive measurements are needed!
Jet and Charged Particle Azimuthal Correlation ¢‘

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

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

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

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

Jet Alg. study on Sim. | Jet Modi. study on Sim.
A 3¢NPD&APW A TRD work shop

D D3 2011 D D4 2012
N ] w= wm w» | LHC run |
| —— - ‘

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

A APW A oM A Nagoya
international conference/work shop : 5times 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, L=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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[ Global Tracking (ITS+TPC)

» without SPD & ITS refit
»> without SPD

(due to SPD problem)

op;/pr <10%
Efficiency ~ 80% PbPb
~ 85% pp

— >, 12
Q_ — — _ o
= 0.14|— ALICE, Pb-Pb, {S =2.76 TeV, hi<0.8 (&) - Charge=positive
e; C - TPC-ITS p_ resolution C C . HIJING 2010 (LHC11a10abis)
5 o.12C fit (p,>1 GeV/c) QD 1 o HIJING 2011 (LHC12a17a)
- ES==== syst.errors O C o PYTHIA PbPb 2010 (LHC11a2a-j)
0.10 % Nl . PYTHIA pp 2011 (LHC12415a)
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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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Oo 5 - _e—® o 7’ > p,ead >10GeV/c
: g —;o.a > pTIead S stub-Iead >10GeV/c
0.1 _ Jo.s > COS(¢Iead_¢sub—Iead)<_O_5
E _: 0.4 Di-Jet Trigger Ratio
0.05[ ] g
[ 0 _o ° ~0.2 é pp 7TeV + g
I ] 2 o
0 I N I S B P 3 " -l_l_-l- 0"
20 40 60 _ e — o
leading o] o
Py I8

leading 1
Py " [GeVic] centrality

O Within the acceptance,
almost leading jets are reconstructed as leading jets.
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pp collision

CIContaminations
>y conversion

» Dalitz decay

»huge Num. of particles

» anisotropic flow

CdHard particles
»fake/combinatorial jet
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Backgrounds in Pb-Pb

[C1Soft Particle quark, gluon pair production in
color field

» quark recombination
» Expansion(radial, elliptic..)
CdHard Particle

» fake jet
» combinatorial jet

C1Event Characterization
»centrality
»event plane

9,5,
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Centrality

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

i N M g > Thickness function

10 i » Wood-saxon

1 _ distribution
" 1 DOproportionality of
) particle production

IIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIII
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VZERO Amplitude (a.u.) . .
» number of collisions

Collision Geometry Number of particles VO 3 mp|itude

Number of Participants Centrality
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" ':.‘
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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 ﬁ
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 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 ———
Umverszty of Tsukuba
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Back Ground Subtraction

total

dgbdn “ f = A+Bcos(2(¢—12))+C cos(3(¢—1)3))

total
pBEC = Area x dpy O Fill particle with their p;into hist.

dedn [ Fit function to 2D histogram

¢ LI Subtract BKG from Jet p;
O Calc. <p;2*¢> at ¢ (dR(jet-bin)>0.5)
O Correct bin value p;°" - <pBXG>

[ Fit function again
1 Subtract BKG from jet again

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———

4
0,859,
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| njet | <O.5, | nparticle | <0.9

E 20< p'T"a““"‘-"'Jet < 40 (GeV/c)
Uncorrected
pp @ \s = 2.76TeV

B0 <P
0.15 < pe5% < 4.5 (
(
(

T,track

s8¢« 3.0 (GeV/c)

- 015 < pT,track

assoc < 1.5 (GeV/c

- 0.15< pT,track
University of Tsukuba
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ERFORMAMCE

d(2_pF*°(A9))

0 Momentum distribution of associate

particles w.r.t Jet axis.
_— > Leading jet properties (p; and op;/do)
/ » Sub-leading jet properties
» Underlying momentum
» fragmentation function

2013/Jan./08

dnd”et p?in <pégad <p51naa:

dEff x (i (A¢) + 3 pP"“(A9)))

dijet )
dn p$zn<pl1§ad<p?ax

Eff : detector smearing effects

BKG — contami hardBKG softBKG
Pt = Py +pr tP1
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Momentum weighted Azimuthal Distribution

%%

w.r.t Jet Axis

2 _ . 2] )
< 10°F q0< piaeneet < 20 (GeV/c) 20< ple*"I¥! < 40 (GeVic) S 10 E 20< pleadinaet <40 (GeV/c)
S 0.15 < passee (GeV/c) Uncorrected S Uncorrected
© [ 015 < P2 < 4.5 (GeVic) PP @ Is = 7TeV @ PP @ Vs = 2.76TeV
O 0.15 < poses < 3.0 (GeV/ anti-k; R=0.4 ©) anti-k; R=0.4
— 10 - ' <pT,track <9 ( e C) HLICE — 10
0.15 < pa5°¢ < 1.5 (GeV/c PERFORMANCE ‘
% L Prrack ( ) 31/07/2012 8 1
5 5. |
Q - a
Q Q.
W A
1 1}
A¢ (rad) Ad (rad)
7TeV I 2.76TeV

O Peak width and height depend on trigger jet momentum.
LI Underlying momentum depend on center mass energy.
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Pb-Pb BKD sub Hi]

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

N
(@)
T

—
§ centrality 0-5% [ centrality 5-30% [ centrality 30-60% [ centrality 60-90%
8 20<PITe 2+e40 GeV/e Uncorrected
o 15 @ [ [ Pb-Pb @ 2.76TeV | @ [ PP @ 2.76TeV
[3]
G
o
Q
W

B0 <P  (GeVio)
0.15< pastf:;‘ < 4.5 (GeV/c)
] 0.15< p?_stf:;’k < 3.0 (GeV/c)
] 0.15< pass°° < 1.5 (GeV/c)

T.track

We would like to minimize
BKG flow effects!!!
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PP P
o 1 2 3 4 10 1 2 3 4 0 2 4

A ¢ (Jet-Particle) rad
1 Jet modification effects
» jet momentum scale
» associate distribution modification
1 BKG flow effects
» jet momentum scale
» associate distribution modification
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DATA PYTHIA DATA+PYTHIA

CODATA :MBevent @ 2.76 TeV
CIPYTHIA : Di-Jet event @ 2.76 TeV
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-1 0

20<p’**’<40 GeV/c

DATA

1 2 3 4
A ¢ (Jet-Particle) rad

) p, pre bin GeV/c

N
(@]

18
16
14

-1

0

20<p!**°<40 GeV/c

MC

1 2 3
A ¢ (Jet-Particle) rad

4

1 0 1 2 3 4
A ¢ (Jet-Particle) rad

CIPYTIA Jet has good agreement with Jet on Data

CIYPATA/YMC ~ 1 1 in near/away side

25222 University of Tsukuba

W R

2013/Jan./08

Pre-Defence

30



ClEvent Matching

» Di-Jet event after rec.
» Ad'eading(Rec.-Emb.)<0.3

Ad'eading(Rec.-Emb.)

2222 University of Tsukuba
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11

—h

14

Emb. p'fad GeV/c

2013/Jan./08
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Rec. p'Teald GeVic

lead
T

Rec. pl**/ Emb. p

Emb. p'fad GeV/c
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Soft/Hard BKG Effects in J-P Correlation

5-30%¢ 30-60%F 60-90%f embedded

@ : (PYTHIA)

—_

centrality 0-5%f

2 p. GeVic

_AL

Estimated Modification
Jet energy scale

associate distribution
0.15< pjif:fk (GeV/c)
[ 0-15 <P < 4.5 (GeV/c)
[ 0-15 < P2, < 3.0 (GeV/c)
S I 015 < P==° < 1.5 (GeVic)

A ¢ (jet-particle) rad

Scaling Factor

.
0,88 0. . .
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Extract Info. of Jet Modification

d_p7*°(A9))

dndijet

mzn <plead <p%1am

d(Eff % (th‘””d(Acb) + 3R (Ag)))

dndiiet

P min <plead <p5_’naw

ZpTPbe(ACb) = EﬁPbe(szhard-Pbe+ zpTcontami-Pbe_l_zpTBKGsoft+szBKGhard)

Zprp(Ad)) = Eﬁ:pp(zp_l_hard—pp+ zpTcontami-pp_l_zpTBKGsoft_l_szBKGhard)

pTIead-Pbe = pThard-Pbe+ pTcontami-Pbe+pTBKGsoft_l_pTBKGhard

lead- — hard- contami- BKGsoft BKGhard
pT pp _p_l_ PP+ p_l_ pp+p_|_ +p_|_

ZpTasso-Pbe - zp_l_asso-pp = EfbePb(szhard-Pbe _Effpp/Eﬁ:Pbexszhard-pp) _I_EfbeszpTcontami—Pbe
_ Eﬁ:pp zp_l_contami—pp

contamination :6% @ 0.3 GeV/c, <2 % @ 1GeV/c (for Pb-Pb)
(in reconstructed track) 6% @ 0.2 GeV/c, <2 % @ 1GeV/c (for pp)
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(GeVlic)

particle
-

zp

2% University of Tiukuba

YPOPE _yPP Gev/c

5-30%

30-60%

60-90% p+p

.~

15

10

Y corrected = GE*Yy
Pp

pp
] 0.15< pﬁf:" GeV/c
GeV/c

assoc
|:|015<p o <4.5

(¢ =
T ——r

T,track

( )
( )
mo-15< passw < 3.0 (GeV/c)
B 015 <P < 1.5 (GeVic)

— 4.5 <p_|_asso.
we 3.0 <p;3%%9<4.5
| m— 1.5 <p 2%°<3.0

PV sk

2013/Jan./08

2 4
A¢ (Jet-Particle) (GeV/c) mm— 0-15<p_|_asso.<1.5
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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?

S
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-Y?® GeVic

yPo-Pb

-10k

YPFP LY GeVie

[4)]

ry

o

'
[¢)]
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.

2222 University of Tsukuba
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Summary

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

[lJet Particle Correlation is also established.

COWe see flow effects in jet modification.

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

» jet modification looks balanced
»jet modification quantity larger with jet momentum

0S8 1
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What’s new?

CJALICE get consistent results with CMS

COWe measure detail of jet modification in leading
jets and sub-leading jets individually.

COThe measurement is a mile-stone of jet
measurements of ALICE.

»We can draw out more detail of modification with PID
< proton ID ~ 5GeV/c with 30

<> proton/pion production ratio
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Outlook

[ISystematic uncertainty for embedded PYTHIA

» Track Efficiency : 5% worth PbPb/pp
»Track Momentum Res. : 3% worth PbPb/pp
» Contamination : £1% PbPb/pp

»Jet Momentum Scale  : 5% Data <->PYTHIA
ClEvent Plane Calibration
ClQuantification of Jet-Particle Correlation
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5 10° [1<A <0.19] 3
I~ o
> - 0.1 5 < asso.-particle :
e pIsso.-particIe 3
Q] DO.15<pT <45 |
o ‘0 - 0.15 < p:sso.-particle <3.0
.(% - 0.15 < p:sso.-partlcle <15 :
Q.Q_I—
W

University of Tsukuba

DV sk
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[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 | .
[a— - 0.15 < p-al;sso.-particle <3.0 an“_k_r R=0.4
% 10 - 0.15 < p;sso.-particle <15
g ' T i ; 14/12/2012
o
W

University of Tsukuba
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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

222 University of Tsukuba
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| njet | <O.5, | nparticle | <0.9

1 02 b 20 leading-Jet
’G ; <p; <40 (GeV/c)
3 Uncorrected
8 pp @ \s = 2.76TeV
< it R=0 R
10§ :
£ i
o
T
S
Q.
W
1]

WO S<ry (Gevie
0.15 < p®5¢ < 4.5 (GeV/c)
) T,track )
assoc
] 0.15< pese < 3.0 (GeV/c
- 0.15< p?_if:cfk <1.5 (GeV/c

U”i”erSi‘}'omek“b“ 2013/Jan./08
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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

Pre-Defence

0 Momentum distribution of associate

particles w.r.t Jet axis.
_— > Leading jet properties (p; and op;/do)
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