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Jets

« Jets: a well defined object, and produced
by the hard scatting of partons at the initial
stage of the collision.

« A powerful probe to study the hot and
dense QCD matter created in high energy
heavy ion collisions, as a “self produced
probe”.

 LHC: dominantly produced compared to that
in RHIC.
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Jet and matter properties

|
q: fast colour triplet >
< -QQQ% Induced ")
gluon ,
g: fast COIOUMW radiation | <U>
S onan
Q: slow colour | Energy dy
triplet > \Qt " loss? J/
QQ: slow colour - . Tc
singletioctet . Dissociation o
C
7. 1" colourless -
\
v: colourless Controls
QCD medium

from D. d’Enterria (QGPWS, 2008)

“Jet quenching”

J¥ & Y suppression

directy, v*, Z
(control)

» Jet quenching:

— Attenuation or disappearance of the spray of hadrons (jet) due to energy
loss in the dense plasma produced by the reaction.

— AE : energy loss by a particle in the medium

= provides fundamental information on its properties.
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Energy loss in QGP

® Jets and EM probes (photons):

B Powerful tools for the study of
~ QGP’s properties

Collisional q ; ‘
j o AE fl q ﬂ’ ’
y gzt mf’ H._. — )
. ] & “‘*f\%‘»;_
E .. Radiative ‘ '
%—ﬁ AE  (? Q g .
.= AE x asCr(g >l@ pQCD
* Dominant energy loss is gluon radiation G = m%/)\ _ m%pa

v dE/dx meas. ?Matter properties, jet tomography
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2. Jet measurements
basics (experiment)
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ATLAS jet measurement

ATLAS: Wide rapidity coverage by Calorimeters

Muon (|| <2.7

Tile Calorimeter Liquid Argon Calorimeter

E/H Cal | |Inl < 4.9

Rt

Toroid Mdgnets Solenoid Magnet  SCT Tracker Si”icon pixel |n| < 25
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CMS jet measurement

Inner tracker:
charged particles
vertex, isolation

solenoid "‘Q;

Muon Inl< 2.4

EM and Hadron calorimeters
photons, isolation

Pb

)

&8

HCAL In|< 5.2 Calojet
ECAL Inl< 3.0
Tracker Inl< 2.5

Particle Flow Jet (track p,;> 0.9GeVi/c)
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ALICE jet measurement

ALICE Inl<0.7, 1.4 < ¢ <11, EMCal:

Neutral (y) constituents

S5\
OSSN (ABSOREER

P TAACKING

i B CHAMEBERS
20¢ ; T = | . ' MUON
<116 fioen L, — e - > X i FILTER

TRIGGER
HAMBER

Z20C
iy =116m from I P,

INl<0.9,TPC & ITS (sillicon tracker)
Charged patrticles ] MAGNET
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Full and charged jets

%1200 100 GeV jets (particle level)
» Full jets: charged + neutral T
particles (except neutrinos) M Leading charged particle
— Hadronic + Electromagnetic o

Calorimetry "
(AT LAS ) 200:

— + tracking (particle flow; CMS) 0010 ot

20 30 40 50 60 70 80 E?O%O[G\}?o
— Tracking + EMCal (ALICE) w/o Reconstructed energy

neutrons, anti-neutrons . L
Total jet energy is fixed.
- Charged jets: only charged particles fluctuation of neutral play significant role

— Used by ALICE because of e
. . \. ~15@100Gev
limited acceptance of EMCal EJET }
<<<b ~7@51€O)Gev

EJET=ECHARGED+ ENEUTRAL

dECHARGED = _qENEUTRAL

M. van Leeuwen (Heavy lon Cafe 2014), modified
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Jet finding algorithms

] Resolution parameter R
1. Cone algorithm:

—  Simple geometric motivation R = \/(Aﬂ)z + (A¢)2
—  Split/merging procedure for overlapping
cone
o UA1
¢ SIS cone
. Seedless Infrared Safe Cone algorithm
. insensitive to soft radiation

2. Sequential recombination
algorithm:
—  Cluster pairs of objects close in relative p+
—  Define “distance” between pairs
o Kkralgorithm
° Starting from low p+ particle
. Standard algorithm for BG estimation
¢ anti-k; algorithm . \
. Starting from high p- particle Kr Jet Cone jet
- Standard algorithm in HIC Anti-ly jet
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Jet reconstruction algorithms

Cacciari, Soyez, Salam (2008)
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Detector corrections

Definitions:
Particle level: as generated by event generator, e.g. PYTHIA.
Detector level: as reconstructed (PY THIA+detector simulation)

_ 047 LN L L L L L L B
. = C . .
Standard practice: S s ALICE simulation
: . = VoL pP"  (GeV/c) E
- Charged jets are corrected to charged jets at = 0af © 3040 - i
the particle level 2 F o 50-60
— main effect: tracking efficiency g 025 ¢ 70-80 N E
+ Full jets are corrected to full jets at the particle | £ %2F  Antik, R=0.3 s E
level 015f P >0.15GeV/c EO E
— Calorimetric jets: HCal response 0.1 o E
— Tracking+EMCal: Unmeasured hadrons 0.05 ]
(neutrons, KO, tracking efficiency) Ur e
O r AR, | | |

108 -06 -04 -02 0

det part part
(pset - )P
T,ch jet T,ch jet T,ch jet

M. van Leeuwen (Heavy lon Cafe 2014), modified
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Data recorded: Sun Nov 14 19:31:39 2010 CEST

Run/Event: 151076 / 1328520

CMS Experiment at LHC, CERN
Lumi section: 249

MS,
Sy

Ch

Leading jet
: 205.1 GeV/c

Pr

Jets at LHC, large soft background

jet

ing
0 GeV/c

o

{7
L1
o

o4

: 70

Sublead

Pt

1]

iy

Clear jet peaks, but a lot of uncorrelated “soft” background
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PbPb jet background

Jet finding illustration

M. van Leeuwen (Heavy lon Cafe 2014), modified

Background density vs multiplicity

50GeV jets + minbias + ghosts I g i FaStJet kt (p:nin = 015 GeV/C)
.............................................. ‘ > - Fit: (-3.3:0.3) GeV/c + (0.0623:0.0002) GeV/c x N*"
............................................................................................. 2 —_—:=__§:E_ - _
N = 200 0% =
N
10°
100—
0 30000 Pb-Pb \'s = 2.76 TeV
= entries 5
10
Cacciari et al o 0-10%
L 4] .
_m = . ™ 10
| 5
n-¢ space filled Wlth.jetS 0_—:3-7* gy 1
Many ‘background jets’ 1000 2000 3000

Background contributes up to ~180 GeV per unit area

Subtract background:

sub raw
Prju =Prju—P4

Statistical fluctuations remain after subtraction

raw
@ Ninput
reco,i
. p T jet
p = median { ——
Al
jet

Fa—hUTIRE "EAAVEROYE | ERNSTRERI T Yoy hOYE (£5K) T Chujo

16



Background jets

Raw jet spectrum

Event-by-event background subtracted

"G L ;LF ®  Inclusive
X 10k Leading track p_ > 5 GeV/c
% 3 = Leadingfrack p_> 10 GeV/c
- ‘ ] [ ] ] , -2—
Low p;: ‘combinatorial jets O 1% Uncomected Pb-Pb |'5,,=2.76 TeV
- Can be suppressed by requiring 5 10°F Sentrality: 0-10%
leading track 2 :E_ harged Jets
- However: no strict distinction at low™<% - Anti-k; R =0.3
. = . 0.2 |I], | <0.5
p- possible o bt ~ jet
T > | ef feck 5 0.15 GeVic
O
” :
> 107
Next step: Correct for background 3 10°F 'ﬂﬂ*
fluctuations and detector effects by < goli.l o Tl il
; -40 -20 0 20 40 60 80 100

unfolding/deconvolution psub =paw _p hA (GeV/c)

Tchjet "Tchjet 'c

M. van Leeuwen (Heavy lon Cafe 2014), modified
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Removing the combinatorial jets

Raw jet spectrum Fully corrected jet spectrum
Pb-Pb \'s,,=2.76 TeV

) 1 \ 107 : 5
) = ® Inclusive S - Centrality 0-1 0 Yo >
> 1oL + Leading track p, > 5 GeV/c ~~ B ® Inclusive %
% - m Leading track p_> 10 GeV/c % 10°L + teag!ng Irac:: p, > ?OGSV\// 3 m
2l S n eading track p_ > eVic | o
S 1°F Uncorrected Pb-Pb |'s,,=2.76 TeV o : ! =
@ 10 3 oo, Ce:ntrality: 0-10% ° o0 Charged Jets =
25 104k * ®,  [Charged Jets g - ﬁar!;["kT R=03 | =
uill—“ = . o Pnti-k; R=03 NZ B [ p*% > 0.15 GeV/c §
10°F A,>02n | <05 Ol £ 107F = &
O = * et 5} g
~_ = L + T, track jet = = m
P 10° + + e p*%>0.15GeV/c Q. u
© = + +o | S : = =)
2 107F . l'“"ﬁ? 5 107 —e=
o + = | =’ - —e=
2 10‘8 B = I ... 2_ : :.:
~ 'l._ 35 10-9 | .
Y . * + I gy | 8 = u N, uncertainty e
§ 10 . | e . P F[—___] correlated uncertainty =
2 10-10 v b P by ' I B ;*| ﬂ i Slhape unc|er1ainty | | |
-10 L1 L1 L1 [ 11 !
— -4soub 20 0 " Veo 40 ZO ( (;O V1/OO) 105 20 40 60 80 100
= - ev/C
p T,ch jet p T,ch jet P P, o (GeV/c)

Correct spectrum and remove combinatorial jets by unfolding

Results agree with biased jets: reliably recovers all jets and removed bkg

M. van Leeuwen (Heavy lon Cafe 2014), modified
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leading and sub-leading jet

C CMS Experiment at LHC, CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST
S Run/Event: 151076 / 1328520
Lumi section: 249

Leading Jet
P

Jet 0, pt: 205.1 GeV/|

Subleading Jet
P2

Jet 1, pt: 70.0 GeV/|

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 14 19:31:39 2010 CEST

Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 GeV/
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3. Experimental results

Fa—hUT7ILMESR "B A VEROYE  ERENSTRFERE T, Yoy hOYIE (5£88) ,T. Chujo



Experimental jet observables

» Single jet pr spectrum Duz), 2= pilpi

. : : 1 dNaa/dpr
Fragmentation function (FF) Banlor) = 5 s i
+ Jet Raa or Rerp (central-to-peripheral ratio) e
i¥¢h jet
- di-jet energy imbalance A, Rep = — 1A Mot QPO
I d=Neh jet
* Yy-jet correlations (Tan) Nev dPTjecd |periphera
* b-tag jet
. . Pr, — Pr
<xp>=pitpl |Aj=—= ;
Pr, + Pr,

as a function of collision system (pp, PbPb, pPb, centrality,
rapidity, ...) for full / charged jets.
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Jet in pp (full jet) ®

ALICE

- Inclusive cross section
%’ 3_ o FastJet anti-k ] S ST
(\5 10 E_ = pp Vs=7TeV _E*} T _E tD ‘0 -3& anti-k;, R = 0.4, [n|<0.5 _;
O - s ALCE  —&- Fastlet k; . © = B ¥ ALICEpp \S=276TeV: L, =13.6nb" 3
2 - ate . p B Systematic uncertain =
= 4 2 40 = - ty ?
= 107 -3 - SISCone = £ = = E
S 5 n O 3 = - = =
B O C R-04 e ] 'U._10'5§— = —
%%105__ w5 015 GeVie O = g F :
= Py >0. eVic —3— E ® 10 & [L1NLO (N. Armesto) —
ricosiicos T mem 0§ E Mot =
108 Statistical uncertainties only $__ © 107 . .+. a.ror.‘ a.\ o? _ .yejz —— — =
= 3 2 ' ' '
o P o S 21.5 -
< 1.2 | anti-k; reference = 3 1 == ] 5
1 A A SO - = L. =
8—rl....l....1....1....1....1....1....1.‘...1.— § ‘ ll -
20 30 40 50 60 70 80 90 100 Z : : o0~ -12'§
jet,ch
pJT (GeV/ C) Pr et (GeVic)

- Good agreement with NLO calculations
- Jet transverse energy profile: also agree with NLO calc.
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Fragmentation Function (charged jet, pp) @

ALICE
s 45— 1T T arXiv:1411.4969
g - E = 102 AL S L S S S B B B L B S B L R S ]
- [ ALICE pp\s=7TeV 1 -g - ppNs=7TeV
© 5 track i = == J
s 4l W 20-30Gevic P> 0.15GeVic 5 [ Pk 0.15 GeVic |
= | ®30-40GeVic . z <
[ FastJet anti-ky ] - — FastJet anti-kt
35 A 40 -60 GeVic B=04 -
I - ] i R=04
| ¥ 60-80GeVic ™| <05 1 == | < 0.5

25 - e i

-
151 —h— - 1 .
b - g ] | ALICE jet pr :'j: i
- " W 20-30GeVic = y
i i" ] @ 30 - 40 GeV/c
05 _.__:— 7 [ A 40-60GeV/c %: |
- e ¥ 60 -80 GeV/c
Hii= :F
0 T T T *TA—l ] 10-1 Ly sy L]
0 1 2 3 31 5 - 6 - 0 02 04 0.6 0.8 1
£ log(p’f‘ /p$am ) Zoh _ p:ﬂfwe/pflm

Hump-back plateau, approximate scaling at high z
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Pb+Pb
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Full jet comparison: Raa

é ALICE Preliminary Pb-Pb |s,, =2.76 TeV
C i anti-k; R =0.2
ALICE 0-10%
ALICE 10-30%

CMS 0-5%
CMS  10.30% ALICE: Allow complementary

measurement at low pr jet

4 O 4+ n

I
1

7|3 i { Medium is opaque for jets up
I t } to jet ptr ~ 3000 GeV/c

CMS: Read from HIN-12-004-PAS
CMS: Syst. Unc. R=0.3

IIIIIlIllllIIIIIIIIIIIIIII
0 50 100 150 200 250 300

Pr et (GeV/ce)
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Comparing hadrons and jets

2r

E') 1 8: Ch. particles Jets ]
C . | ALICE o | ALICE Ch. Jets R=0.3 -
1.6 (0-10%)/(50-80%) (0-10%)/(50-80%) E
1.4 - |CMS | ATLAS Calo Jets R=0.3—

1 oF (0-5%)/(50-90%) (0-10%)/(60-80%) E
1; ------------------------------------------------------------- mn f
08t Pb-Pb \'s,,=2.76 TeV E
0.6F fﬁ gl E

- R —o-0—0—0—0—0%

0.4F s ¢ ¢ -
0.2__ _:
OZ O | | | | | o _]

o107
prack, p (GeV/c)

—i
o

Suppression of hadron (leading fragment) and jet yield similar
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npr-=p»

Jet spectra in p-p, Pb+Pb (ATLAS)

pp 2.76 TeV

I I

> 1011 i i ;
© ATLAS Preliminary ®
S 10" g
o) 0 anti-k, R=04, =276 TeV e
c 10 2013 pp data, L, = 4.0 pb” o>
> 10° Z3
ol 10 g %._
%la” 107 ~
© ) b3
10 =
10° ;;
10*
103
102 >
o)
10 P
c
" =
>
1ol E <21 (x10%) NZE 2._
102 =1yl <03 (x10°) ey
4-03=1y1<08 (x10%) <
10 =
+-08=lyl<12 (x10%) ~
104 1221y 1<21 (x10°) >
10-5 | 1 1 | L1 I | | |
40 60 100 200 400
p, [GeV]

101
10"

102

107

Pb-Pb 2.76 TeV

LU LU REL R R L R R R UL L AL R R

I I T T T I T I T
ATLAS Preliminary lyl<21 .
. —-0-10% (x10°)

............ m-20-30% (x10%)

........... ~4-40-50% (x 10°)

~~~~~~~~~~ ~+-60-80% (x 10°)

VS =276 TeV
anti-k, =04 jets

2011 Pb+Pb data, L,, = 0.14 nb”"
2013 pp data, L, =4.0 pb" )
oo | I AN

N ‘ /
o vomd ol voamd vl v ol 3ol el vl vl vl el sl sl s

® ATLAS:in different y and centrality,
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E T T T 1T ool :
3 e E
b = lyl<03 (x10°) 1
E 5-03=z1y1<08 (x10%) 4
- [ 4-08=zlyl<12 (x10°) ¥
SRR TS, E12=ly1<21 (x10°) 1
- 1
- 1
- 1
3 X
- 1
3 4
- 1
E | L] | | -
40 60 100 200 400
p, [GeV]

up to pt < 400 GeV
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ner-=p

Jet Raa vs prandy.

Factor of ~2
suppression up to jet
pt of 400 GeV

Slow increase with
Increasing jet pt, may
vary with centrality

<< T T T T T ] T T T
< | ) . 1
@ | ATLAS Preliminary anti-k, R=04jets 2011 Pb+Pbdata, L, =0.14nb" 1
L .|\“_276”2°‘~°)PP<HL40pb 1
05 L P _
ol l l l Lo | [ .
é | | | I I I I | I | I
@ «0-10% ® |30-40% * 160-80%
1 -- -l-'-|--------------------------------------------------------------------------------------------------------------------------------------------------------—
0.5 v [T ]
[
0 ] 1 1 1 | 1 1 l 1 1 |
é | I | | | I I I I | | i
iy [ ]
1L .|| .
0 ] I ! I Lo

let Raa: centrality and y dep.

p_[GeV]
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g%

ner-=p

Jet Raa: centrality and y dep.

Centrallty dep

I I

¢ Raa monotonically < 231;2232?5? o an{}k—R2364T'2tvs
decreases Vs Npart
e Raa~0.8in 60-80%,
. [ 80<p_<100GeV ATLAS Preliminary IyI<21
¢ Raa~0.41in0-1% at OO0 T 00 Ws0 200 250 800 @50 400
lower jet pr (N )
o . g
No significant . y dep.
dependence on rapidity . ———F+—++- """+
observed T * 10-10% " |30-40% + |60-80
T P PP PPURIPP PR - SO =}
Y T !
e Even though both e i e i
spectrum Shape and CI/ 05 sy il = i
g fraCtionS Vary W|th y I 80 <p_<100 GeV ATLAS Prellmmary
OO0z 04 06 08 1 12 14 16 18 2

ly |
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central ©

R=0.4

= ph/ Pparton

Jet Fragmentation in PbPb

—
N

indication of an enhancement at large z

Fa—hMU7IRRER

01 6F- ATLAS Preliminary 0101 e ATLAS Preliminary CCD1 et ATLAS Preliminary 3
Pb+Pb\[5,,=2.76 TeV Pb+Pb\5,,=2.76 TeV Pb+Pb\[5,,=2.76 TeV E
F 0.14 nb" A 0.14 nb" 0.14 nb" E
14 anti-k; R=0.4 14 e Dam 14 —;
3 p2>100 GeV 13 [ Systematic Uncertainty 13
} 0-10%/60-80% i 10-20%/60-80% 20-30%/60-80%
12 I 12 ' 142|
' LER: n||| 'y |
} £ 4 £
k: iy i . E Ty E 'h ||" U ¢
0.9E by } 1 o9 4 | 1 o9 t} E
08 PR 1 1l 1 1 08- 1 1 1: 08: 1 ]
107 1 10' 1 101 1
z z z
‘: : T T LI A B | ' T T T LI E T T UL I T T LI 3 T T T LI T I T T LI
51 6E ATLAS Preliminary 0:01 6 ATLAS Preliminary =P ATLAS Preliminary
P Pb+Pby\5 =276 TeV "E Pb+Pby\[5,,=2.76 TeV " pp.pp S0=2.76 TeV
S 0.14 nb? 3 0.14 nb? 3E 0.14 b
14F 14 14
13f 1.3 13
1.2 l 30-40%/60-80% | 12 40-50%/60-80% 12 50-60%/60-80%
1.4 114 | 11} |
15" 'l"l i *é *i%' t '!{%!'l
09F H it 0.9F 0.9 Fhpy E
0.8t —— s sl : =3 08k L =3 08 ——
10 1 10 1 10 1

Ratios of D(z) vs centrality, using baseline peripheral (60-80%)

"EAAAVEROYE  ERENSREmE T, Yo v hOYIE (58K T Chujo

_jperipheral

In addition to features previously seen (modification of small z (low pT)),
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Di-jet energy imbalance
CMS, PRC 84, 024906 (2011) [

~E e PbPb\S, =276TeV T

- Anti-k+ (PFlow), R=0.3 1
| Lo_zsf— fia-mow'  § o 1 Ak
’ ..g 0. O ppVs=276TeV __ P, >30 GeVic _
£ sk fa-mu' tey  MeF | 1) Lar imbalance i
Lo 15F e E ge energy imbalance is
'§ o1k T : observed in central Pb-Pb.
L - :
] 0.05F 70-100% ;
n_q——. i LA II |§
A, A = pT,l - pT,z
=
ATLAS, PRL, 105 (2010) 252303 D + P
T,1 T,2

5 4 | bent;aliltyleol-8I0°/'o
Sl Qe g
?;_5 e pT2: sub-leading jet
1; 2) Large A, : low momentum
1 particle (< 4 GeV/c) emitted
05 at large angle on away side.
o

) Yy hOWE (£8) T.Chuijo 32



Energy balance by low pr particle at large angle

B Net-pr along the sub-leading jet

CMS (2011)
|l _ } : i -
T — —PT COb((bi — @Leading Jet)
()
s AR =\/A¢? + An?

=0.8

Positive direction (—{—- _
Leading Jet

Christof Roland (talk at QM2011), modified

LIS LI L L L LN L L L L B L L L L L L L B L L L L L LB
®'  >05GeVic 030% T ¢ T
[ [ os-1.0Gevic T cmso-30% 1
a0l T 10-20Gevkc T _ sR<08 T AR08 ]
L [ 20-4.0Gevic t [~ Pb+Pb\2,=276 TeV T 1
- [ 4.0-8.0GeVic . + det:”"b.‘ 4 =
__20f | >l.?GoVIcl : t T T : R
.Q | T -+ - v -
% i [ E JI
G
A -
== o -
20} -
wf  Overall In-Cone Qut-of-Cone .
sl by vy by o by Ty v b v by v by by s Taa by v s b v o by gy bayay
01 02 03 04 01 02 03 04 0.1 0.2 03 04
A, A, Ay

S. Chatrchyan st al. [CMS Collaboration], Phys. Rev. C 84, 024006, medified

Slide from Y. Tachibana (ATHIC 2014)
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Y-jet: Ey as a calibrated jet energy

"/ \Run/Event;. 1830134 3056273

CMS./ EMS Experiment at LHC, CERN ___|

- _» Pata recorded: Mon Dec -523:36:38(2011 EDT .

- // i .

‘ 7 fumi section: 1114 ' " . _u‘j_ej;

* Di-
Photon e N ‘&_\*\
| (191GeV) ~ | | | =
| .
Jet N €

(98 GeV)

et
S Tyy >= pz_re /p%

Rjy : fraction of photons with
jet partner (jet quenching)



Y-jet in Pb-Pb

CMS, Phys. Lett. B 718 (2013) 773 | < X 7 >= p;et/p;} Rjy : fraction of photons with jet
partner
Lﬁké"l'”'l"”l"'g o AT )
1.05 E_ v Sn=2-76 TeV —f ATLAS
E w8 ® PbFb Daa ] 2-Jet
0.95F o PYTHIA + HYDJET 3 o O O o >
T E m pp Data E [
A 09F © PYTHIA ~ r +
5 bl O OE
0.85F O O : .
v - § ” + + W
0.8F + = | @ R-0.2 Data ¢ 1 ’\
0.75E = | O R=0.2 PYTHIA+Data ,
3 + + . ATLAS Preliminary
0.7 . ] Pb+Pb L_=0.13 nb™
0.65F — \'S=2.76 TeV
. - I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 : 0 L1 1 Al 1. l P )
0.6 0 100 200 300 40( 0 100 200 300 400 Npart
Npart

® Y as a calibrated probe of jet energy.

® significant change in R}y, <xjy> compared to PYTHIA and pp.
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p+Pb
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Raa for h* and jet in p-Pb

ALICE

Charged hadron Jet (charged)

D1.4_IIIIIIIII"[I|II|I I I I I IIIITT_
o L - o 2_ LA B T T LI LA I B B R B
o 13 ALICE p-Pb|s=5.02TeV,NSD - m%l coF minimum-bias p-Pb |s,=5.02TeV
arXiv:1405.2737 E [ =% charged jets ALICE Preliminary -
| - 161 anti-k; R=0.4, | _ [<0.5 E
—g 1.4 =—| charged hadrons, NSD, |7__|<0.3 =
+ ‘3
E I nonmalization uncertainty reference + =
: ' n Glauber (charged jets) -
0.5 charged particles, lncms| <0.3 = -
: 1 1 1 I 1 | 1 I 1 1 1 I 1 1 1 I 1 1 1 l N
0.4IIllIIlllIllllIllllIllllllIllllllllllllllllllllll_ 020 20 40 60 80 100
0 5 10 15 20 25 30 35 40 45 50 p_orp_ o (GeV/c)
p, (GeV/c) '

® Unmodified for charged hadron and jet in pPb.
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Rpa & Raafor b jets

pPb m =5.02 TeV PbPb m =2.76 TeV

o
&)

T l T T T T I T T T

b-Jet RE, ™, 2.4<n, <1.6

- b-Jet R, , ni<2, (0-10%) g

—H&— Inclusive jet R (0-100%) In_ | < 0.5
pA cM

- Inclusive jet R,, (0-5%) In| <2
inclusive jet

Raa or Rppo
| | 1 | | | | 1

IIIIIIIIIIIIII

Raa or Rppo
N
l T T ] T T 171

.c
=
=

=

&

l
I

IIIIIIIII
IIIIIIIII

0.5 o
L] /o
| | | | EbPP 0- 5% 0 1 | 1 _
0 IIIIlIIlII|I||||l||||||||||||||| L I S R | I I E— I S |
0 50 100 150 200 250 300 350 400 100 200 300 400
. [GeV/c] Jet P, (GeV/c)

e First measurement of b-jet suppression
e Observe b jet (~quark jet) Raa consistent with inclusive jet
(~gluon jet) Raa
e  Where is the quark/gluon difference?
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4. Future directions

Fa—hUT7ILMESR "B A VEROYE  ERENSTRFERE T, Yoy hOYIE (5£88) ,T. Chujo



PHENIXZEEZ High-pT 1L

High-pt 1€
Yxv MNAERE
57 A—VERb

o AITE 28 DITFREER
PHENIX — sPHENIX

s HAMNERZTET SR HER -
v YU IOVURIEHES
v LIy 7TU—t&kHgR

Vv b, BV A—7HENS, RHICT
XILF—TODOQGPHTHIXRILF—IEK
(EIERE) DREMRFEZ RE

40

sPHENIX3EER: ¥2ZE$20M-30M
arXiv:1207.6378




STy bk« 74&BMTESQGPYTE (LHC-Run-2)

1.jet-jet (di-jet), y-jet, h-jet BITE

« I\— N VERAMBORE. TRILFT—8
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Yy hDSEEULEIRILF—ICELBY 7 M/\ROVEE.
REAEXICK D, MEAEHIZEAL. V. Tachibana, T. Hirano (2014)



Bhigx (1)

* QGPRTON—=F Y IXIF—RROBEKFIEICOWVT, i
I )L—7 > BB 1153 (dead cone effect’E E)IEDNT |

Adijet aymmetry 2B T BRHBIEE S5 DD 5B 30D

. RILF—SEIETCOI Y bRy NAIEICEH

F1—NUTIEL (B A VEROYE  ERFSERRE ) Ur v hOYWE (E8) TChujo 42




grig (2)
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BrigF (3) EERRICBEISER.

* LHC, RHICTEZNnZhfhY; E'J/IE_Jﬁ JE’&UM)‘ %%%ﬁﬁ
IL— 775‘%*1%MW n_\, e

CEAAVERT
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Summary.

* Jet: a powerful tool to study QGP.

* well known self generated calibrated probe

uture directions:
° Jet - QGP medium response >
“T” dep. of QGP properties, probed by jet
B EIX vs. LHC experiments
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