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Physics motivation

T (fmyc) o0 fmy/c

Initial Pre-equilibrium

Jets are produced very early and are sensitive to early stage of the collision
=>» This allows to probe and study the QGP by using jet properties
o pp: Study jet production (ex. Cross section measurements) : test pQCD
o pA/dA: Are they affected by Cold Nuclear Mater effects ?
o A-A Study in medium energy loss
 Path length dependence
» Broadening of shower
 Leading hadron vs. softening of FF
* Probe ex. the density of the medium

This can be studied by using various observables, in this talk we will
mainly discuss: nuclear modification factors, h-jet azimuthal correlations

di-jet asymmetry and jet FF. 6ubo
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Nuclear Modification Factors

_ Yield(AA)

Res In absence of nuclear modifications,
Yield(pp) hard processes are expected to follow
N, scaling = ., =1
1 dNg/dp
=—X
T

4th International Conference on New Frontiers in Physics - 23-30 August 2015 - Chania
3

F)Ude@ch




Single particle RpPb & RdA

RHIC: Ry, > 1 at high p;
=> CNM effects (Cronin / Shadowing)
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ALICE / CMS difference

Likely due to pp reference |:>

CMS: new pp@5 TeV

interpolation (used for Jet FF) |ssye solved?

LHC: High-p; charged particles follow binary scaling.
Initial state effects are small(er)
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CMS Preliminany

- pp 5= 10.9,1.96.2.76.7 TeVv — .02 Tew

[ (Agep): PRD 82 (2010) 119903, EPJG 72
(2012) 1945, JHEP 08 (2011) 086

(Upaated): /5= 2.76 Tew from 2013
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single particle ﬁﬂat high Pt

arXiv:1506.07287

arXiv: 1504.04337 60 PRC 87 (2013) 034911
T 1T | T T T T 1= =] I| T T T T T 1T . . . . . . . . : : : . . .
- e o i =xt, ALICE 0-5% Pb-Pb 5-10% 10-20% |
il i iy \Suy = 2.76 TeV. 1 |
= )= 2 1R Y 4 08 o 10, PHENIX 0-5% Au-Au |,
é L Lin=4.2pb™, L "7 =0.15nb 0.6 | S = 200 GeV. i |
04
0.4
0.2jpooanRiSlge e
L'i g . | | | 1 | | | 1 | Il | | ] | |
T@T 0-5% | T ; 20-40% 4060% [Tlomnhl | i |
— 0.8 4
& PATLAS <107 . o |
2 > CMS, In|<1.0 0.4 o : + 1
1 ALICE, n|<0.8 0.2 1 4 60-80% i
11 11 | 1 1 1 1 J—— Ii 1 1 1 | 1111 | | | | | | \ | | | | . |
1 2 7 10 EaV/ 10 6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 14 16 18
_ DpliEey) p. (GeVic)
LHC: T
Raa = 0.55 +/- 0:01(stat) +/-0.04(syst:). RHIC:

A lot of models describing the trend

of Ry With different set of parameters
Raa NOt enough to really constrain the
transport coefficients

LHC RUN 2: evolution of the shape

at higher P; ?
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Similar Ry, values in central collisions at LHC and RHIC:
with a much harder spectrum at LHC
=> larger AE at LHC
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Jets Measurements

R, ,
gH [ ]
Semeg L@ F “Cone like” or sequential
5 m 7 reconstruction algorithms
= (k; and anti-k; are used
o in the following analyses).
o

Subqgech
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" Jetproduction cross-sections

In pp collisions

® RHIC : STAR & PHENIX @ ALICE: Full jets ® ATLAS

I K < L - 24 FT T T T T 17T T T T T 17T 3
T—. 10_5 \ PHENIX P'f-‘"m'"ﬁ".r' % 3 E anti-k;, R = 0.4, |n|<0.5 . % 102 [ anti, jets, R=0.6 ‘ ® <03 (mez) 3
.,": 10 ) RUH—5p +p.\5 =200 GeV/c g 10 8 B . ALICE pp Vs = 2.76 TeV: L, =136 nb ? g 10 | Ldi=37 pb”, Vs=T Tev 2 ggig::?g Ezlg:; 3
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~ 10 ’ “}3 % 10-s|;_NLO (N. Armesto) [ i 5 10° o= ++..._._ RETN _e_-.-"'--j
CRIL ?3,“ oy [ EANLO (6. Soyed) ke 108 —— T, e, =, =
- ;[ BEINLO + Hadronization (G. Soyez) E -, =iy e O
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T jet p T
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Good agreement with NLO pQCD over a broad kinematic range

Important reference for p-Pb & Pb-Pb analyses -
Subqt@ch
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Jet R , @ LHC

2 T T T T T T T | T T
18 e CMS full jet, -0.5 <m__ < 0.5

' e ALICE charged jet, -0.5 <1__ < 0.5
1.6 i

: e ATLAS full jet, -0.3 <m__ < 0.3

_III|IH|\I\FF

Q630 900 200
P [GeV/C]

jet yield in p-Pb compatible with what is expected
from a superposition of independent pp collisions

Consistent with no CNM effects
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esults from nucleus nucleus
collisions

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46
Fill : 1482

Run : 137124

Event : 0x00000000D3BBEGS3
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Ex of ALICE

B FastJet k, (p]"" = 0.15 GeV/c)

0-10%

] 20000
entries

| Fit: (-3.3:0.3) GeV/c + (0.0623:0.0002) GeV/c x Nir::ut

—==- - _

2500

L L 1 L L 1 L
1000 2000

JHEP 03 (2012) 053

=» Background density scales with event

' multiplicity
1 p~N(pT)

=> p =200 GeV/c for most central collisions PbPb

collisions at LHC

Larger background fluctuations () = P has large event by event up/down fluctuations

for larger R, while larger R should EX: oy =10 GeV/c for R=0.4
=>» Smaller R = less background fluctuation

=>» Limit R to resonable values 0.2<R<0.5
=> jets studies are challenging.... In heavy ions

be preferred to recover as much
information as possible of the jet

property.

Especially at low p+
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Nuclear Modi?cation Factor

R, = Yield(AA) In absence of nuclear modifications,
Yield(pp) hard processes are expected to follow
Ngo Scaling = gap =1
R 1 deMde

Subogech
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~ALICE: Full jet spectrum & R,, in PbPb

collisions

Full jet spectrum in Pb-Pb: large and

® Full jet Ryl

fluctuating background (JHEP03 (2012) 053) & [, cc roro 1a-zrerer Atk F=02 [n <05 g5 Govic
T H
pT ]et pT rec pA # Data0-10% []JCorrelated uncertainty ¢ Data 10-30% [ JCorrelated uncertainty
08| — JEWEL {# Shape uncertainty [ e JEWEL [ Shape uncertainty
% - ALICE (§yy=2.76 TeV 05l — YeEM - - YasEM
sl
gﬁm«s:_ Antide B=02 In | <0.5 oal
: : | 454> 5 GV
g5
g _—
107 ~
< : = Py (GeV/c) Py (GeVi)
[ . .
- ; S Phys.Lett. B746 (2015) 1
B PP e Leading track p; cut = fragmentation bias
10%: "4 0-10%Porb E= . .
[ ¢ 10-30%PbPb @EF - Suppression quantified by R, for
L [_] Soreiasd inootany == different centralities:
09k L - 0-10% Rpa~ 0.28+/-0.04
0 50 - 10-30%R\,~ 0.35+/-0.04

Phys.Lett. B746 (2015) 1

Strong suppression

observed in spectra and R,

4th International Conference on New Frontiers in Physics - 23-30 August 2015 - Chania

- Both models use a fit to hadron R,, to
adjust their parameters.

Both models are in agreement with data
(slight deviation of YaJEM at high p; in central collisions)

Subogech
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ATLAS: Inc|usive et suppression

Suppression (~ factor 2 in 0-10% centrality) of inclusive jets from 40 to 400
GeV/c for different rapidity bins
No or small dependence on rapidity =» not enough to constrain gluon/quark

jet ratio (which varies with y) Phys. Rev. Leh. 114 (2015) 072302

=T
- -
o f ATILAS anti-k, / = 0.4 jets 2011 Pb+Pb data, O.14 nb™!

1.2<|yl<=22.1
1

1 1 1L 1 L 1L 1 1
40 s0 1 00 200 400
P [GeV]

. — . _ Subotec
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VS

LHC:

® Full jet Ry, in central Pb-Pb collisions,

® Different jet reconstruction technics
(ATLAS: Calo Jets, CMS: PF jets,
ALICE: Ch+En Jets) used by the
different experiments

® R=0.2

NB: ATLAS scaled from R=0.4 to R=0.2

Results at LHC are in fair agreement

RHIC:

Smaller suppression of inclusive jet yield
at RHIC

Jets are also less suppressed than
hadrons at RHIC

Jet RAA expected to be one if all the jet
energy is measured

Where did the energy go ?

1.8 ALICE Pb-Pb \|s,,=2.76TeV
1.6
1.4 7

1 -2 :_ %,7///2 CMS 0 - 5%

Zr

Anti-k; R=02 |n_| <05
p'edeh S 5 GeV/e
- ESes ALICE 0 - 10%

HIN-12-004-PAS

1 2 aTLAs O - 10%
0.8 PRL 114 (2015) 072302
0.6}
0.4
0.2
- ATLAS scaled from R = 0.4 to A = 0.2 using A ratios in PLB 719 (2013) 220
0 l I ] I ! L L | 1 1 1 1
0 100 200 300

R, (Au+Au/PYTHIA)

Run 11 Au+Au s =200 GeV, 60 ub”

0-10% Central Collisions

Anti-k, R=0.3

TP R GeVie T

= T

- p*™ > 5.0 GeVic
i

A

recojet = 0-2 S1

I STAR Preliminary

. —y— AuAu/Pythia
| - tracking eff. uncertainty

- unfolding uncertainty

Tos uncertainty
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Trigger

o Surface bias effect: the parton producing the jet

is biased towards higher in-medium path length
Trigger Hadron: close to the surface

W

Azimuthal Correlations

Recoil

jet 7

Recoil jet measurement provides us with a good handle
on the combinatorial background and allows to go to
larger R

Bonus: No fragmentation bias on recoil side

Subqgech
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ALICE vs STAR: Hadron-|et correlations

ALICE:

Low pryig (TT*[8, 9]) trigger recoil jet spectrum as a reference
(dominated by combinatorial jet).

High prye (TT[20, 50]) trigger recoil jet spectrum mainly from
hard (high Q?) process (signal).

Apecoil 1S defined as the difference of these two spectra to remove

bkg and uncorrelated component. * TT for triggered track
T 10-1 E
& = Qe‘ e Pb-Pb | 5,,=2.76 TeV 0-10%
%J - ® » Charged jets, ps°"*'>0.15 GeV/c
S 102 by == anti-k, R=0.4 A>0.4
- E’_ 5 ; . ; e TT[8,9] Integral:0.832
ole - - gﬁ T—*—:.: o TT[20,50] Integral:0.832
1'!@10‘3 = : o | = Ape.(TTI20,50]-8,9])
-4 =
- £ l . ¥
10° & ¥
g g t
I =
B ALICE £:
1 0'6 I 1 1 1 I 1 PE|R F|on |Mﬂ|N C|E % I 1 1 1 | 1 1 [l I 1 1 1 l 1 1 L | 1 1 1
-40 -20 0 20 40 60 80 100 120
PrT2UBEVIET — (P Prm P A GV
’, . Y
Shape does not change with Prjot > 20 GeVic:
Prrig Recoil jet spectrum

= Combinatorial background evolves with D~. .

o) ON_ Adp”
3 3

(1/N

SE/ME

- T - - -
Au+Au @ 200 GeV, 0%-10%

9.0< p‘T"g <30.0 GeVic

A,>020,R=03

= .
(]
a @
2 2
o @
3 =2
==
)
& m
1

4norm. region

preeet (GeVic)

Tjet

STAR: Mixed events describe the
combinatorial background

=>» Trigger-correlated jet distribution:
subtract ME from data

Comparable to ALICE h+jet

16
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Hadron-jet correlations at RHIC

ALICE STAR
arXiv:1506.03984

IIIIL|1|_

— T T T " 1
Au+Au, \|s,,=200 GeV

.SJ_ AR trig .
1.8 TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT > 2 9'0 = pT < 300 Gevjc
Z _ - ALICE | | | | . @ 10 Preliminary A >0.20,R=03 2
E'g 1.6~ 0-10% Pb-Pb |5, =2.76 TeV — —~. 103 | ant-ky
o ® [ Anti-k;charged, R=0.4 - 5 3
< E 7-Ap<06 E B, <
2 § 12F TT{20,50} - TT{8,9} 3 gﬂ n SO A 3
S § u ] _=10 B8 60%-80%
o - | 7] = — stat. error >
<] - - - ~=>10 8% - syst. uncertainty -
1] C © = ==
< o8- & + = s
. C o — 10
oof r=e=—4—+++4+11-° 3 e B
- % ; ] o 1
I . n [&]
04r =i ® ALICE data B -
0.2 S i Shape uncertainty A 1077 | , , ,
. =
- £ [ ] Correlated uncertainty 3 o 10 20 30
EEERE NN SRR NN NEEEEREEEE NN NSNS N ENEEE p?r';et (GeV/c)
OU 10 20 30 40 50 60 70 80 90 100 |
ch (GeVl/c
P T,jet( ) STAR: Nuclear modification factor “lp “:

 closeto 1 atlow pt

» large suppression at pt > 10 GeV/c: Igp ~ 0.2
ALICE: Recaoil jet yields are suppressed (~0.6)

(conditional yield) independently of R and slowly

decreases with jet py Larger suppression at RHIC compared to LHC

However: different kinematics and cuts

Constant AE ~ 8 GeV
Subot@c:h
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Cone size dependence

First step towards measuring internal jet structure
Measure jets with different resolution parameters

ALICE: 1506.03984

0.2)/A,._(R=0.5)

ArecoiI(R

[ oon T - TR o | e G —
- T - - D S T S -

o
n

CALICE T T
0-10%, Pb-Pb ys,,, =2.76 TeV
Anti-k; charged jets

T - A(o<06

TT{20,50} - TT{8,9}

Ill\\‘l

OO

: :

_2 |

g |

: %*:# -

5 il

] i

= @ ALICE data .

g i Shape uncertainty N

s + [ Correlated uncertainty ]

| £ ; - PYTHIA Perugla Tune 2010 &2011 -

Ll 1111 o | ‘ | 11 1

10 20 30 40 50 60 70 80 90 1 00

GeV/c

Pme ( )

No evidence for jet broadening for R<0.5
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ATLAS: Phys. Rev. C 86, 014907 (2012)

o 2 .
CISI% E Pb+Pb\sNN_276 TV 0-10% -
s 1.8_—.[Ldt_7ub1 ATLAS ]
mo E .......... ° R=0.3 E
16 r e *R=0.4 ]

- s TR *R=05

4 i LA -

0.8+

Excess observed for R=0.5
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Jef acop|anarlfv:|nfer |ef Broaamn_q N D-pB

Sources of acoplanarity in pp: intrinsic k, 3-jet events, hard FSR, ISR
Additional sources in p-Pb: interaction of the partonic projectile with the nuclear medium.

o
I':

[ pPD (52502 TeV 0-40% (VOR)

[ Anti-k; R=04; g, i < n/3 E
- th “ -
15907 p?m GeVie

trigger -
k DT ch Jet5|n(&(lpduet)
jet

M2
I'.'I'I

M2
=

{Ikw[& (GeV/c)

—h
n

i
=]
IIIIIIIIIIIIIIIIIIIII

e ALICE p-Pb

20 30 40 50 60 70 80 90 100110120
Associated jet p"""'“ (GeVie)

: ALICE : charged jets
STAR: smallkr broadning No modification of di-jet kr

. M _ Subotech
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medium Induced acoplanarity

Large angle inter-jet scattering

L llllllllllllll | —
1.6 1.8 2 22 24 26 28

3
A

=>» Broadening in central collisions at RHI

very low pt jets? Work ongoing

c

%OQ;OC% ny+ny

XO +

%01-0 NV+Ny

24

"

Pob(i =) “pQCD plasma” 301 5_04::p$"-pA=::8.0 GeV/c ﬁk ]
s T 352 L 6=0.30+0.0 Preliminary 7}
oos S a B
o\ . 20} |
ansfd D’Eramo, Rajagopal, ‘12 mO [ i
ook b updated calculation underway ~ 10} ~
sof WAdSICFTgoo™ S : :
I R R N T o Ofee—
D 2 3 4
. : . . @ ¢ -o (rad)
ALICE : Width (o) consistent in Pb+Pb with 5] g~ jet
PYTHIA embedded data %
=> No evidence of medium-induced Y] = — ———
: . o | 5.0<p’-pA<8.0 GeV/c 3917"‘ ]
acoplanarity of recoll jets P T ]
Z S :_ ¢ =0.50+0.05 Preliminary _:
—~ O0dr7r 7 L AL L ~ C + N
S | ALICE - A
=l | 0-10% Pb-Pb | s, = 2.76 TeV - i
o | Anti-k; charged jets, R = 0.4 -
40 < pfl_e;;;’Ch <60 GeV/c
" TT{20,50} — TT{8,9}
0.05
- @ Pb-Pb: o = 0.173+0.031(stat)+0.005(sys)
- W PYTHIA + Pb-Pb: o = 0.164+0.015(stat) _ Do (rad) _ _
- i STAR: High-p+ triggér: o broadening with
I i central
E T 5w e = S e — . . . .
oETE Statistical errors only | Low-p+ trigger: broadening with centrality



i-jlets Asymmetry
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(1/N ) dN/dA
et J

%]

ATLAS: PRL 105 (2010) 252303

~ Dijetasymmetryin =

Pb+Pb collisions

g

1]

©40-100% ]

lh.'l

s. -2.76 TeV 0-10% |
\ NN ATLAS |
O Pb+Pb"
| ++ L,=1.7ub""

¢ |
L

PRI R T T T MY ST N T T S S T T

CMS: PRC 84 (2011)024906

First heavy ion jet measuments at LHC

T - pT)
(pT, + pT,)

di-Jet asymmetry observed in

—— central Pb+Pb collisions by ATLAS

and CMS

PYTHIA+DATA
p;,>120 GeV/c
p;,>50 GeV/c

Assymetry : Probing differences in quenching between the two parton showers
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CMS: Where did the energy go?

pr,>120, p;,> 50 GeV/c, [n;,|< 0.5, Ad,, > 57/6
pp 5.3 pb’” I PbPb R=0.3 1
40FCMS Preliminary 1 0-10% ;

N
o

> (GeVl/c)
S

< P!Il_

-20Fo pPp
+ PbPb
-40t o PbPb - pp
- PYTHIA (Truth)

0 01 02 03 04 0.1 02 03 04
A

- L] A L LI I B | LI L L LI
Missing p+ J _ . | |
| N P (GeVio): - PbPb-pp

| _ i [ _—
T =)  —P71c0s (i — Ppiiet) [0.5-1.0[2.0-4.0 | P o -
Zi: : [11.0-2.084.0-8.0
* Increases with Ajand Is balanced by: < >05 [l8.0-300

2-8 GeV/c particles in pp
pT < 2 GeV/c particles in 0-10% Pb+Pb
* high py imbalance at small R compensated by low py

particles in subleading jet direction extending to large AR [,

courtesy Y. J. Lee (CMS)

> (GeV/c)
C

||
<pT
n

|11 trkl< 2.4

. . . . _10 1 L1 1 1 1 11 L1 | 1 1 | I N
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S TAR: di-jets: properties of radiated energy

c 022 o 5022 O pp HT © AuAu MB Matched, pt'>0.2 GeVic| s 022 D BR HTS Auhu B Watched, R=0.4, 202 GaVic
__% O.ZEﬁR = pp HT ® AuAu MB Py '>2 GeV I(gu 0.2 AR u AuAu HT Matched, p.rn..w_! GeVio g 0.2 APR | X n Annummn-d,n-nl.p':&n.ne-::
2 F . . b . . ot u; reliminar [1 PP HT  AuAn MB Matched, R=0.2, p%">0.2 GaVic
T 018 Prellmlnary + LI‘C:U.1B_ Prellmlnary M wHT@MMBM:’hN"’T >1.0 GeVlg g 0-18_ y B AuAu HT Matched, Re0.2, p™'>0.2 GaVic
AuAu HT p™'2 GeV S ¥ + AuAu HT Matched, Py =1.0 GeVic z
= ® AuAuHTp ">2 4 —— 1 0.16 ——,
0.16[— —4— i 0.16 = R=0.4 o1 Au+Au, 0-20%
E > oaE 1 ' L . A —+— Antik;, R=0.4
0.14F _¢_$ i. T Au+Au 0-20% I :é;i— t 0.12 f#f cut -
0.12f0= AthK, R=0.4 0.12 -+ pe =1 GeV/c 128 4 ﬁ pU'=0.2 GeV/c
F —— - 01
osf- + R=0.4, 01 -~ , P=0.2Gev/c | ==t R=0.4
0.08— & cut— 0.08 — ! j:
- P =2 GeV/c 0.06 $ :ﬁ 0.06 4 $ R=0.2
0.06 . i . i P, (p5>2 GeVic)>20 Gevic v
004 Pi(P}">2 GeV>20 Gev —6— 0.04 —$=—r1,_'— 0.0t p..(pC">2 GeVicj>10 Gevic ==
002k poublet(piis2 GeVi>10 GeV . 0.02 = 0.02 20T ——
= —o— = T T PO DA vy - SN
of . 5 o o o = - b T B B B S iy 0 01 02 03 04 05 06 07 08 Au.s
Lead _ ,,SubLead A | Al
- pT pT il

Imbalanced Ar = plead 4 pSublLead Imbalanced Imbalanced
Balanced

B d
Find jet with high p; cut on constituents ia?é%uce combinatorial background
rerun jet finder for identified jets with looser p; cut or different radius

Momentum balance restored with R=0.4, p;cut= 0.2 GeV
Imbalance with:

* increasing pr™"'=» Jet softenin
» decreasing raTdius eJet broadénﬁmg (between 0.2 and 0.4)

Different modification of jet structure at RHIC and LHC

BUT Non negligible jet p; biases possibles (cuts & low p; jets =» backgr
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ATLAS: Path length effects on di-jet production

Goal : constrain path length dependence of enragy loss
ATLAS-CONF-2015-021

Previous study of jet
production vs. event
plane showed modest

path length dependence AT U
35L 1 e nplead, e T
(Vs jet~2-5%) I ORI Tl gy g
 F R02
ATLAS: PRL 111 (2 013 ) 152301 52-5' Centrality (0-10)% Centralty (10-20% T Centralty (20-30% 1
. T
~ 1 F
g . f
Study un-equal _path Iengt!\s 213 ,’«M’! -#f'a’”nw w+””*ﬁ+!+
of the showers in the medium-© ¢ L) > ”‘%
“Q .g.
e Selecting on the angle between .°'... A L X
the leading jet and 2nd order T T PRI CI
Event-Plane angle W2, provides )

control on the path length
traversed by the jet pair.

e Jet pairs that are Out—of-Plar
are expected to traverse more
medium than In—Plane.

0.z

~

L
<02
~

0z -0.02+

Extract c2 that quantifies tI;,e
EP angle dependence of Ay <

4th International Con.c. ..o ot i et v e
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(Ay) =AY (142"

cos(2(¢* - ¥y)))

R=0.2
(c,=-0.010£0.004

T R=03
1 (C2>:-O.013i0004 b

ATLAS Preliminary
[ Pb+Pb {5,,=2.76 TeV

R=0.4
{c,)=-0.015 +0.005
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Centrality [%]
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q)l Leading
0

i’.‘
¢a Sub-Leading

=>C, is small (<2%)
and negative
=>larger A, for leading
jets oriented out-of-
plane than for
in-plane ones
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RAR

ATLAS: Neighbouring jet production in Pb-Pb collisions

Annulus around the testjet  Goal: probe differences in quenching that do no primarily
A Neighbouring jet  result from difference in path length. (fluctuations of energy loss)

Production of neighbouring jets quantified using
a rate of jets accompanying a given test jet

test
1 ]VJet dNnbr
— Jet,i test pnbr
RAR - dN.teSt/dEteSt Z dEteSt (E ETmm’ AR)
jet T =
n -10% _ )
E— :28128/30 P rR 4 R=R, g(central)/R, r(peripheral)
ATLAS s 4% o : _
Pb-+Pb 2011 +40-80% Study its depe:nd.ence on:
0.05r _o76 T + E;of test jet:
S NN eV . . _ . | .
L,m =0.14 nb + Suppression of neighbouring jet production in central
Pb-Pb is:
* 1 ~ independent of test jet E; & similar to inclusive jets

! _,___,..‘EE ? | = E;of neighbouring jet
.-;:-0- o

Nuclear maodification factor for neighbouring jets
anti-k, d=0.4 1 approaches 1 when Eqtest = Eqbr

E”bf> 30 GeV 0.8<AR<1.6 »
0Z0 100 500 300 ubatech
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Study the momentum distribution of tracks in jets

Subogech
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ALICE:Jet fragmentation functions in pp

arXiv:1411.4969
£ 45 e
. . . . . g L \s=7TeV
®Charged jets in pp collisions @ 7 TeV: = | auce B ors aevie
2 41 W20-30GeVic T .
L rack| < 0.9
FOI' EJ < 2 Scalling % [ ®30-40Gevic |I:’astd|et anti-k;
At higher § , maximum :>hump-backed 3.5[ A 40-60GeVic R=04 .
plateau’ = suppression of low momentum [V co-s0Gevie <05
particle production by QCD coherence 3 Y UE subtracted
With increasing jet pT, the area of the E o —y— :
distributions increases (higher particle >t et -
multiplicity in jets), i
maximum shifts to higher values of & “t s -
This observation is in qualitative agreement s :f_ ]
with MLLA - P, o ’
I -.- A
1 N T
Measurement challenging in Pb-Pb : + e 7
collisions (large heavy ion background 0.5 p=v= - .
1 s — ]
and fluctuations). N S ..';4— ,

4 6
§Ch _ Iog pjet ch/ppartlcle

/)me ec
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CMS/ATLAS. FF in pA

Reduce background => high p; jets needed

L LA BLL LA B T
5.3;1: (2.76 TaV pp:l
309 nb™" (5.02 TeV pPb]
25" (7 TeV pp)

anti-k, particle flow jetzs p'™ = 0.5 GeVic T ™ 1<1.5 E} CMS 3
* L ] h-G"I I Prafiminary

inbor polation

R

h

=:=:=H=H="==n % | + !

FF ey FF
=

80 <p] =100 GeVic - ""

100=p_ <=120GeVic T 120<p_ =140 GaVic 14n-:p":zunsaw: ]

s L v v Loy By boavn s bovn s Tov v Pov v nto v o by a b s Tovna o v v Tov s lopaalyggi] |||||||||1|-||||||||||||||

"T 60<p" <80 GeVic
M | 1 1

o P T TN
1 2 3 4 h | 2 3 4 . 1 2 3 4 0 1 2 3 4 o 1 2 3 4 E
E : E : , E
. 4'_ATLAS Preliminary [ ATLAS Preliminary _._ATLAS Preliminary . ATLAS Preliminary . ATLAS Preliminary ]
€ [ 60<pF<soGev T 80< pF<110Gev 1 110<p¥<160Gev ] 160< pH<210Gev I 210< p*<260Gev ]
I T T T 1 4 4 4
1.2+ =r- —17 1 T ]
- st L L e o ’*+ I L,i@ ]
F2ee®®” " Jlo © I e Vm,?g/l'/ 0000t
[yt <16 Ty <ts 1 v l<16 1 v, l<16 i1y, <16 &
o mﬁ?{,, V5= 5.02TeV, 28 nb + mﬁfé’ Y= 5.02 TeV, 28 nb-" 4 p+Pb, ysuy=5.02 TeV, 28 nb ™! . p+Pb, ysy=5.02TeV, 28 nb ™! ] po-Pb Y5\ =5.02TeV, 28 nb"! i
1 PP, A5 =2.76 TeV, 4 pb - 1 bp, is=276 TeV, 4 pb - 1 pp, is=276TeV, 4 pb - - pp, is=276TeV, 4 pb - 1 pp, vs=2.76 TeV, 4 pb -
1 1
10" 107 1 10 1 10" 1 10" 1
z z 7 7 7

CMS: no modification of fragmentation functions (within uncertainties). Coherent with Rp;,
(jets)=1 if Rypy, (charged) will move to ~1
ATLAS: suggestion for a hardening of the FF

= Also commes from the interpolation method used for the pp reference ? 6 ;
ubat:
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FF in PbPb

L | T T T T | ]
I . -HIN-12-013 - —
. 18F g_";"g%'}'é; 12 - Z =p||Trk / pJet
o 160 100 < p™ < 300 GeV/c
o - o ATLAS bm2014 ’
o140 0-10%/60-80%
L et
o P > 100 GeV/c H -
O 4oF H[ﬂ ol -
oY - B 1l ]
- 1_:_ _____G][?_IL?J?,__@ _______ - _&_@@"? _________ _:
D - * » B:EJ E{}Z '—L'. . ]
— 08 =
L‘L_.-P L ]
G 0.6 — —
é 0.4 :—l | | | | -
x 0 1 2 3 4 5
& =1n(1/z)

Qualitative agreement between ATLAS and CMS

Small modifications:

Depletion from 3-4 GeV to 40-50 GeV (2-3% of the total jet energy)
Enhancement below 3-4 GeV (~ 2% of the jet energy)

= Need to improve systematics

. — . _ gubqt@ch
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Strange particle production In jets

prie> 10 GeV/c

prie> 20 GeV/c

C
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= L & jet,ch _ . . g . .
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14 feed-down uncertainty = rt |
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1.2 T (05%, Iy <05) ]
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B anti-k, R =0.2 ] . .
DB n,,l<05 g enhanced baryon/meson production in the
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2.5

1.5

Nuclear Modification Factor

B-|€ES

—labi _(Fbebie 78 Tev)

T LI T I T T T ]
. CMS Preliminary
- B inclusive jet R, (0-5%) hi<2 ]
| —=— Db-jet (0-10%) <2 i
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1 [ | |
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PRL 113 (2014) 132301

Central Pb+Pb collisions, LHC s'"?_2 76 TeV

IS effects, radiative E-loss and

. 0.8 collisional parton shower energy dissipation —
E - gmt;d _ .
E - -—
0.4 — —
B — b-jet, R=0.2 ]
02— = light jet, R = 0.2 —]
0 | | | 1 | 1 | 1
0 50 100 150 200 250 300
P, [GeV]

b-jet Rys decreases with centrality down to ~0.4 in 0-10%
Similar suppression to inclusive jets for p>80 GeV/c
=>» Mass effects might appear at lower pt

4th International Conference on New Frontiers in Physics - 23-30 August 2015 - Chania

33

Subc\gech




Summary

A lot of results on jets from both LHC RUN 1 and RHIC

—>In general good consistency between experiments

More differential observables are needed in order to better understand
and constrain energy loss mechanisms

Theory / Experiments comparisons are very important
—>Are we really comparing the same observables ?
- Interactions between theorists / experimentalists are crutial.

uba
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Outlook

The LHC run 2 is just starting... (STAR / ALICE upgrades)
® Increased luminosity =» more statistics will be avalilible
® Redo Run 1 measurements to reduce the systematics incertenties

® new observables are under study (ex PID in jets, HF jets, quark / gluon jets
tagging, sub-jets, ...

=» many new exiting results are expected soon = Stay tuned !

. — . . Subot@ch
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How much energy is lost ?

« Jets are very collimated in pp slightly less so in

PbPDb

* Modification of energy within the jet is 1-2 GeV

 Significant fraction of jet's energy is lost
— Suppression of semi-inclusive jets: 8 GeV
— Dijet asymmetry: 10-20 GeV [1107.1964]
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