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* jets in pp collisions
* jets in heavy-ion collisions
* jet nuclear modification factor
* event plane dependence
* collision energy dependence

* strangeness production in jets

* jet mass
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1) Jets: seeing quarks and gluons ¥,

- jet: collimated bunch of hadrons

* quasi-free parton scattering at high Q2:
the best available experimental equivalent to quarks and gluons
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) Jet fragmentation LA

CiR
- initial hard scattering: high-pt partons
- cascade of gluons: parton shower

- at soft scale (O(Aacp)): hadronization
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* in heavy-ion collisions, | N
jets probe the medium !

at a variety of scales Fragmentation = Parton shower + hadronization
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%) Jets atALICE (run 1)  #

University of Tsukub,

EMCal

* charged particle tracking:
- Inner Tracking System (ITS)
- Time Projection Chamber (TPC)
- full azimuth, |0 |< 0.9
pT > 150 MeV/c

 Electromagnetic Calorimeter
(EMCal) :
- neutral particles
-Ap =107°, |n|<0.7
cluster Er > 300 MeV

* jet trigger with EMCal and TRD
 ‘charged’ (tracking) jets and full’ jets

e full jets from charged particle tracking and EM energy:
conceptually different and complementary to traditional approach .
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Jet Cross Section in pp Collisions
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University of Tiukuba

é Full jets in pp at /s =2.76 TeV ..,

 good agreement with NLO pQCD calculations for R=0.2and R=0.4

* reference for Pb-Pb at same energy
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of . _ &
Q@QE CMS: jets at v/s =7 TeV iy
I ty of Tinkuba
* single inclusive jet cross sections compared to NLO pQCD:
agreement over 14 orders of magnitude
- comparable theoretical and experimental uncertainties

« complementary jet prt reach of the LHC experiments
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QO,QE pp charged jet cross-sections L A

C i R University of Tiukuba

* inclusive charged jet cross section in minimum bias collisions
at/s = 5.02 TeV: well described by POWHEG NLO calculations

* cross section ratio: well described by PYTHIA and POWHEG

- reference for run 2 Pb-Pb collisions at same Vsnn
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Jets and Quark-Gluon Plasma
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QQE QCD phase transition &

* in heavy-ion collisions at ultra-relativistic energies,
a quasi macroscopic fireball of hot, strongly interacting matter
in local thermal equilibrium is created

e lattice QCD predicts phase transition to deconfined,

chirally symmetric matter

* energy density
from the lattice:
rapid increase around Tc,
indicating increase of
degrees of freedom
(pion gas —
quarks and gluons)

e Tc =154 +/- 9 MeV
Ec = 340 +/- 45 MeV/fm3

HotQCD, PRD 90, 094503
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gr'g - QCD matter at LHC I
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CQCQE Partons in heavy-ion collisions

 hard partons are produced early and traverse the hot and dense QGP

* expect enhanced parton energy loss :

medium-induced gluon radiation

‘jet quenching’ (mostly) due to

 ‘vacuum’ expectation calculable by pQCD : ‘calibrated probe of QGP’

.
* jets sensitive to properties of
the medium (energy 6 |
density, ¢, mean free path, 5
coupling ...) )
.. but also jet-medium <B-z

interaction not trivial
(strong / weak coupling, 2
parton mass / type,

fireball dynamics ...) L g

JET collaboration, PRC 90, 014909
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QO,QE Hadrons in heavy-ion collisions L4

C i R University of Tiukuba

* high-pTt hadrons ‘proxy’ for jet

* jet quenching for charged hadrons,

Pb-Pb collisions at Vsnn = 2.76 TeV PLB 720 (2013) 250
P [T moT I
S, 1 d?Ne,/dndpr - ALICE Pb-Pb | = 2.76 TeV :
]1,‘4 A (ZJT) = ,114 A (l'zaplp/d?'] dpf]‘ charged particles, m|<0.8 1 |
A ~ ch ’

<
<
C

* hadron observables biased towards
leading fragment

e 0-5%
= 70-80%

— study the effect for fully 0 50

reconstructed jets
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a9 Underlying event &

C i R E Uniﬁ:?fa;( E%ba

* jet reconstruction in heavy-ion collisions :
difficult due to the high underlying event background
not related to hard scattering

e correct spectra for background fluctuations and detector effects

via unfoldin
J LHC2010 Pb-Pb\/s,,, = 2.76 TeV

10°

* not possible down to lowest jet pr

FastJet k; R = 0.4 (cut 150 MeV)
10%

ALICE

ALICE performance
Uncorrectad
2011/065/13

_ 10°
100 -

— 102

10

o 20 40 60 80

O VO centrality (%) CI)

jetarea~0.5(R=0.4)
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Q‘Q Jet nuclear modification factor

* full jet Raa at VSN = 2.76 TeV, R = 0.2

%
ﬁﬁ)\ 7

University of Tiukuba

Phys.Lett. B746 (2015) 1

- strong suppression observed, similar to hadron Raa
— parton energy not recovered inside jet cone

* increase of suppression

with centrality

» weak pr
dependence

- JEWEL and
YaJEM
jet quenching

models reproduce , |

suppression

< 1.2
<< I

0.8

0.6

0.4

JEWEL: PLB 735 (2014)
YaJEM:PRC 88 (2013) 014905

ALICE Pb-Pb \s, =276 TeV - Antik R=0.2 |n | <05 d$a°’°“> 5 GeV/c
: * Data 0 - 10% DCorrelated uncertainty | + Data 10 - 30% DCorreIated uncertainty
& Shape uncertainty - Shape uncertainty
| = JEWEL -- JEWEL
— YaJEM - = YaJEM
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Jet azimuthal anisotropy

Oliver Busch - HI café, Tokyo 2017/01

19



gi{é Reaction plane dependence .¥.

University of Tiukuba

« different medium thickness in- and out-of plane

e sensitive to path length dependence of jet
quenching:
pQCD radiative E-loss : ~L2
collisional E-loss : ~L
strong coupling (ADS/CFT) : ~L3

N
8.7

-
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University of Tiukuba

gotgéE Local background subtraction .¥.

* account for flow-modulation of background via
event-by-event fit and subtraction of local background density

 unfolding to account for
background fluctuations :
separately for spectra
in- and out-of-plane

/\200""I""I""I""""I""

Pb-Pb Vs, = 2.76 TeV ALICE
Single event

() (GeV/c
o
T Ioll T T T
/I [ | | I I

., .
Cl

50 .
-0.15<p <5GeV/iec,m |<0.9 .

L T. track track .

- —p, (@) == p(1+2v,cos(2e-¥, ]) -
O -p, - py(1+2v cos(@e-¥,, ) —

L L0 | |
0 1 2 3 4 5 6
Phys. Lett. B753 (2016) 511 ¢ (rad)
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QO,( Jet V2. reSUItS mﬁ%

C i R E University of Tiukuba

e quantify azimuthal asymmetry via 2" Fourier harmonic vo¢h et

» central collisions: 1.5 - 2 sigma from vothiet=Q
— consistent with 0, but maybe hint for effect of initial density fluctuations ?

* non-zero v ietin semi-central collisions
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Phys. Lett. B753 (2016) 511 Py (GeVic) p; (GeVic)
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‘Q Comparison to previous results .+,

* ALICE + CMS single particles, ATLAS full jets :
different energy scales !

* non-zero v2 up to high pr

University of Euﬁ'ulm

CMS, PRL 109 (2012) 022
ATLAS, PRL 111 (2013) 152

ALICE, Phys. Lett. B753 (2016) 511
ALICE, Phys. Lett. B719 (2013) 18

C ALICE i 3 — | \ —
- ch jet o N N AL|CE j ]
0-5 /o, Stat . ch jet _ENo
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Comparison to JEWEL LA

Ci R E University of Tiukuba
* good agreement with JEWEL in semi-central collisions
* clear indication of path-length dependence of energy loss
= I B o o o o e I o e R = I B B B L L L L
g(\. == v 5%, JEWEL ALICE 5 [t v2" 30-50%, JEWEL ALICE -
® . "*0.5%, Stat unc. Pb-Pb Vs = 2.76 TeV N 0'2,_ ® ;" 30-50%, Stat unc. Pb-Pb (s =276 TeV |
[ ] syst unc. (shape) R = 0.2 anti-ky, In_|<0.7 [ ] systunc. (shape) R = 0.2 anti-ky, M [<0.7

Syst unc. (correlated) = Syst unc. (correlated) .

0.1
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N
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\
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I
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PRI YT T Y e b P b v b b b by |
0 60 70 800h J_et90 100 20 30 40 50 60 70 80 90 100
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T, track

ey > 0-15 GeV/e, p'Tead >3GeV/c |

Phys. Lett. B753 (2016) 511
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Jet Nuclear Modification Factor
at vsny = 5.02 TeV

Oliver Busch - HI café, Tokyo 2017/01
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e quenching strength ¢ ~ s ~ €34

e expect (modest) increase ing, T
— measure energy density
dependence of jet quenching

e note: Raa also depends on
parton ‘input spectrum’:
at higher s, flatter
spectrum — larger Raa

LHC run 2

* increased CMS energy for Pb-Pb collisions from 2.76 — 5.02 TeV

&b
SR

University of Tsukuba
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CO,QE Run 2 jet cross section and RAA &

CiR SR

University of Tsukuba

- jet cross section and nuclear modification factor at Vsnn = 5.02 TeV
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Vsnn dependence of Raa

&

SR

University of Tsukuba

- charged jet Raa at Vsnn = 5.02 TeV compared to:
* ALICE full jet Raa at 2.76 TeV (R =0.2)

* ATLAS jet Rasa (R=0.4)
— different jet energy scales

» comparable Raa:
effect of flattening of the
spectrum compensated by
stronger suppression

<

<
18
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—h

0.8

0.6
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0.2

LICE Pb-Pb \s,, = 5.02 TeV

I I T I T T T | T T
% shape uncertainty

[ ] correlated uncertainty

> -

Anti-k; R=0.2 '”;a' <0.7 p'Teadl >5 GeV/c

——

{'Syy = 5-02 TeV ALICE 0-10 % (Ch Jet, R=0.2 pp:Data)

[ {8y = 5.02 TeV ALICE 0-10 % (Ch Jet, R=0.2 pp:POWHEG)
~ —4— |5,y = 2.76 TeV ALICE 0-10 % (Full Jet, R=0.2)

- PLB 746 (2015) 1

C —4— |5,y = 2.76 TeV ATLAS 0-10 % (Full Jet, R=0.4)

PRL 114 (2015) 072302

&

IIIIIIIIIIIlIII|III|III|III|III|III|III

ALICE Preliminary
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Strangeness Production
In Jets

Oliver Busch - HI café, Tokyo 2017/01

29



QO,‘QE |dentified hadrons in heavy-ion collisions ;ﬁ

C i R University of Tiukuba

=S AL B B B DL NN RLALELE BLRLEL L LR
* baryons / meson Raa a probe of & ¢ Phys. Rev. C 93, 034913 -
gluon / quark energy loss? 11 .
- ALICE 0-5% Pb-Pb |s,,=2.76 TeV

L. B o T+ .

e would expect stronger radiative 0.8~ = KK B
- A p+5 —

energy loss for gluons than for quarks | . Bhaged -
- subtle cancellations? - -

- hadron observable biased 0.4 i_'
towards hard fragmentation? - =
0.2 QE s ]

| | | T B [P AT

0 2 4 6 8 10 12 14 16 18 20

~—

e study jets to improve our b (GeV/e
understanding of parton energy loss: !
- PID in reconstructed jets mitigates fragmentation biases
- enhanced sensitivity to medium effects measuring soft particles in jets

e note: medium effects likely strongest at scales of ~ medium Temperature
(J.G. Milhano, K. C. Zapp, hep-ph/1512.0819, T. Renk, Phys. Rev. C 81, 014906,
B. Mueller, hep-ph/1010.4258)
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1) Strange hadron reconstruction .,

University of Tiukuba

 neutral strange particles reconstructed via
decay topology (‘V°):

K=t + 1 (69.2%)
AN—p+1n (63.9%)

A candidates

. . i ALICE === Signal+Background
e signal extraction from 4 preliminary £ Background
invariant mass distributions : P Al
3k ly|<0.6

0.5< p; < 10.5 GeV/c
Pb-Pb at s\, = 2.76 TeV

Counts / (10° GeV/c?)

Oliver Busch — Hl café, Tokyo 2017/01 31



Qg Strangeness production in nuclear collisions &

Cl R Un %s%;}urk uba
* Inclusive strangeness production in Pb-Pb:
Baryon / Meson ratio enhanced Phys. Rev. Lett. 111 (2013) 223001
- collective effects ?
I I ) 2.2 ¢
- _parton recomt_)matlon ? g” b Pb-Pb at s=2.76 TeV, |y|<0.5
- jet fragmentation ? < : .
1.8F —&— 0-5%
C —l— 20-40 %
1.6 F —¥— 40-60 %
C —4— 60-80%
14FE —&— 80-90 %
1.2 f —— ppatVs=7TeV, |y|<0.5
- —&— ppatyVs =0.9TeV, |y|<0.75
1 C systematic uncertainty
0.8F
0.6 A
041 Y
4L s
02F ¢ " v. v ‘
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 measurement of identified particles
In jets helps to constrain hadronisation

and energy loss scenarios
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%) Strangenessinjets = #

CiR

 candidate - jet matching (V° in jet cone)

jet axis
jet cone

\/(([{)VO — (/)jet,ch)Q + (7’7\/0 — 7’]jet,ch)2 < R .......................

|77jet,Ch|max < ‘77V0|max — R charged

primary
particles

* jet R = 0.2, acceptance [nV° | < 0.7

» candidate - bulk matching: underlying event V°

e signal extraction from invariant mass distributions
e correct for efficiency and feed-down

e subtract underlying event from spectra
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1) Underlying event subtraction .,

University of Tiukuba

« subtract underlying event contribution to K%, A spectra in jets

e various methods with different sensitivity to acceptance, event plane
correlations, presence of additional jets, ...

 apply a correction to account for background density fluctuations

K A

> 10° 3 o ALICE Prelimina
- > . .
3 . ALICE*Izrellmlnaty K2 in underlying event 5, 0 ry A in underlying event
o 1 e g e i S, no-jet events, x 1
> e n <07 — n(»]gt events, X 1 ol al In, <07 —e— N0+ " )
%'_% 1 '-‘l-'_‘_‘._q._a—*: Ve —=— outside cones, X 2 Ul'g“ 4 e —=— outside cones, X
o ot C T e+, —+— random cones, x 4 ,_IS e —+— random cones, x 4
- - . s ian-
|a 10" »—o—-._‘_$_1__‘ —+— median-cluster cones, x 8 o 10" : . —e— T median gluster cones, x 8
E S —=—+—¢— —4— perpendicular cones, x 16 g Pb-Pb 0-10 % —e——4— 4 perpendicular cones, X 16
2 40? VS =276 TeV — H ) 2 40? VS =2.76 TeV -~ —Ft—
anti-k, R =02 —_—— - } Ry, = —_—
5 10° Lo - 150 MeV/c —— + 00 s 1somevie ' *
<0. o ":)m <05 N
10* I’)Ful 05 hd 10 \:mgnm
Py 5 GeVic = P > 5GeVic
— ch
10°% A > 06xR° 10° = .A"' " 0,6::R2| i ] ] \ | 1
Q 4 1 1 L l 1 1 l 1 L l ' 1 1 l 1 1 l ° 1 4 —
= 1 [ = A .
© ' 1 1 —_ - —————
12 . I 1.2
1 ' 1= r*m*—’-i —
1 - L 1 1 L 1 L 1 1 L 1 " 1 L 1 " 1 1
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° v
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) (AMA)2K% ratio in jets  #,

University of Tiukuba

» Pb-Pb collisions at Vsnn= 2.76 TeV

*jetR=0.2

0
S
[\

l T T | [ | T T | T T T | T T | T T J_
- ALICE Pb-Pb, |5, = 2.76 TeV, 0-10 %
‘O Preliminary ]

e pTet > 10 GeV/c (20 GeV/c)

—=®— in jets, pj:mh >10 GeV/c

—+— injets, pjTEt’Ch > 20 GeV/c

(A + A)/2K
.

—
(o)

* leading constituent bias
preading > 5 GeV/c
to reject ‘fake’ jets

feed-down uncertainty

—
~

inclusive A/K, ALICE,

* (0-5%, v o <05)

—
N

Do . . 1= Ind <0.7
* no significant jet pr*'dependence " anti-k, R = 0.2
Or 1l <05
. e . g 0.6— pleadnatiack S 5 GeV/e
-trr?tm f|n J_ets|3|gn|f|cantly lower : Pt 150 e
an for inclusive case 0.4 .
- i e ——
0.2~ i | o -]
0% | | | | | | | | | | | | | | | }
0 6 8 10 12
P, (GeV/c
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.t

. Comparison to p-Pb

e compare Pb-Pb results to reference from
agreement within uncertainties

e ongoing efforts to improve

. %
systematics for lowest Ny
<
KOS, /\ pT +
=
o w 1 B T 1 I T T T I T T T I T 1 T I I T I |
< [ p-Pbsy=5.02TeV .
[ o[ 0-100%, VOA Multiplicity Class (Pb-Side) ~*~inclusive - -
£ 08 ch ik. —=jet R=0.2 ]
< ps im:»10 GeV/c, anti-ky J
- [ . |<0.75-R, I |<0.75 —=—jet R=0.3 ]
06 | -H— jet o . ~ ]
[ —H— -=—jet R=0.4 7]
N E +stat error ]
041 —— [Jsysterror
’021 ﬁﬁ_é.ﬁ__# 5
ALICE Preliminary -
0 | 1 | 1 | | 1 | 1 1 1 | ]
2 4 6 10 2
P s (GeV/e)

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

&

p-Pb collisions at 5.02 TeV:

Pb-Pb

rTrrrryrrrTrT T T T T T T T T T T TT T T TTTTTTH
I I I I I I I I

T T | T T | T T | T T T | T T | T T T _I_

ALICE Pb—Pb, |/s, =2.76 TeV, 0-10 %
Preliminary

—®— in jets, pjTet’Ch >10 GeV/c

—+— in jets, pj:t’Ch >20 GeV/c

feed-down uncertainty

inclusive A/Kg, ALICE,
*T(05% Iy 1<05)

|17V0| <0.7
anti-k,, R =0.2
n  |<0.5

j

et,ch

pI:ading track > 5GeV/c

ptTraCk > 150 MeV/c

O—+|||
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QQ Strange particle spectra in jets #

» spectra of K% and A particles in jets: more differential observable to

increase sensitivity to potentially modified fragmentation

1/(N s mR?) dN/dp_ (c/GeV)

107"

R

University of Tiukuba

T 1T ‘ T T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T T ‘ T T %\ _I rr | rrrT | rrrT | PrrT | PrrT | PrrT | PrrT | rr I_
B o 1 o© Pb-Pb, s = 2.76 TeV, 0-10 % 0
Pb-Pb, {Syy = 2.76 TeV, 0-10 % } K2, stat. unc. s \Sun $ K2, stat. unc.
= ALICE Preliminar = o = ALICE Preliminary _ =
- y + (A+A)2, stat. unc. g - + (A+A)/2, stat. unc.
B . o B B
i Dsyst. unc. ] %‘ i I:lsyst. unc. ’
i P t0cevic | = b P> 20 GeVie
—— = 1 ==
= = 107 S5 =
- —— 7] - ]
;33 —— ] - — — ]
- _— . e : ¥ =
= : < ————
= In,l <07 ] 10°E |, l<07 E
- antik,R=02 ~ ——%—— ] F | anti-k, R=0.2 : b .
: |171e'tch| <05 : i |n]etch| <05 ]
pl_?admg track - 5 GeV/e % ? . : p:}admg track > 5GeV/c :
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%) Comparison to PYTHIA %

University of Tiukuba

K% spectra in jets follow similar slope as predicted by PYTHIA simulations

* A\ shape different ? More reliable reference needed !

; T T ‘ T ‘ T T ‘ T T ‘ L ‘ T T ‘ T ‘ T T ; T T ‘ L ‘ T T ‘ T T ‘ T ‘ T T ‘ L ‘ T T
[0} B N [0} B N
0] Pb-Pb, |5,y =2.76 TeV,0-10% & Kg, stat. unc., (x 1.5) 0] Pb-Pb, \Sy, =2.76 TeV,0-10% ¢ Kg, stat. unc., (x 1.5)

S 1 ® (A+A)/2, stat. unc. S 1 o (A+A)/2, stat. unc.

- — imi [ syst. unc. - — — imi [ syst. unc. —
% C ALICE Preliminary full markers K (x1.5) . % C ALICE Preliminary full markers K (x1.5) .
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B I~ —+— PYTHIA 8 - tune Monash N S I~ +— PYTHIA 8 - tune Monash N
& B —+— PYTHIA 6 - tune Perugia 2011 ] & - —+— PYTHIA 6 - tune Perugia 2011
s —+— PYTHIA 6 - tune Perugia NoCR @ —4— —+— PYTHIA 6 - tune Perugia NoCR

I B p ' smeared with true U(Ep ) a :;:EE p ' smeared with true G(Bp )
z —— z o a— -
= —$— P > 10 GeV/e = — == p‘f“h > 20 GeV/c

= % _ - 1 ]
107°F — == E 107 F — E
o = : A== ¢ —
= 1 - £
- * ——<)—*
. ’ $ = $ }
v v
A== . a nE —— |
10 E ., <0.7 B 10 - 770<07 * =
v —_—— — o
C antik,R=02 . C | antik, R=02 : $
[~ ] [~ T
L |7]Jet Ch| <05 | - |77]etch| <05 |
I~ leading track GeV “\j.' leading track GeV N
p; >5 GeV/c [ g p; >5 GeV/c
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.1 0—3 1111 ‘ 1111 ‘ L 111 ‘ L 111 ‘ 1111 ‘ I - ‘ 1111 ‘ L 111 1 073 [ - ‘ 1111 ‘ I - ‘ I - ‘ 1111 ‘ L 111 ‘ 1111 ‘ 1111
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Jet Mass
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%) Mass and virtuality

University of Tiukuba

e invariant mass of jet constituents, related to virtuality of initial parton

e parton from hard scattering produced off-shell
* in vacuum: virtuality decreases at each emission
* in medium, virtuality can rise due to scatterings

— gquenching observable

< 0.25 prpmprrprrrerprer T
> - - .
5 80<p. jet<100 GeV/e ] (A. Majumder, J. Putschke, nucl-th 1408.3404)
(:'c_)/ 0.2:— ’ @ Quarks -
> Z‘i [ % Gluons
S 515:_ o= All jets _
= | o% ]
ot o ,»I;:. 1 - soft constituents far from jet axis
L WM g ] within cone — larger mass
005 @ ™ ..0=l ]
I on ' .
[ o' ™ ° * few hard constituents — smaller mass

0
02 4 6 810121416182022 24 41
M. .. (GeV/c2)
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University of Tiukuba

Results: pPb

- jet mass in pPb collisions at Vsnn = 5.02 TeV, charged jets with R=0.4

* overall well described by PYTHIA with some tension in the tails

8 10 12 14 16 18
M, . (GeVic?)
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Anti-ky, R = 0.4

0

Lovalonalonily
2 4 6 8
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10 12 14 16 18 20 22
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o I : o o
© 02k ALICE Preliminary S 0ok S 0ok —m— p-Pbys,, =5.02TeV
% %ﬁ E % %5 2 %ﬁ D Systematic p-Pb
s [ 2 Anti-k1, R = 0.4 2 == PYTHIA Perugia 2011
y Radiz"s s =
0.1k 0.1k #@I 0.1
- B = E
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< < 4 < 4f
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= ’ E F ' = F '
& ALICE Preliminary & f & e
s 8 3F 8 3F| | —m— p-Pb/PYTHIA(5.02TeV)
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[\ =
S
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Results: Pb-Pb

- jet Mass in Pb-Pb collisions at Vsnn = 2.76 TeV fully corrected for detector
effects and background fluctuations via 2D unfolding

E 60<p, . (Gevic)<80
% o.2f ALICE Preliminary
%g’ [
S I
Flﬁ i —
z I -4
-
-o—
: -
2 —0—
=] el 5 50 gL uigel
% 12 14 16 18 20 22

T P T
0 2 46 81
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= i B0<p, (GeV/c) < 100
9
b 0.2k
12: s
S
o Anti-k;, R=0.4
‘_li 4
0.1 -+
S
[ -@-
[ -o-
[ e
[ .-,
oE®= I I N s

o 5 10 15 20 2
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&
SR

University of Tiukuba

dN
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o
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100 < p

T, chjet (

—e— Pb-Pb0-10% |5, = 2.76 TeV

Systematic Pb-Pb
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% o9

15 20 25
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Results: Pb-Pb

&

A

University of Tiukuba

- jet Mass in Pb-Pb collisions at Vsnn =2.76 TeV fully corrected for detecor
effects and background fluctuations via 2D unfolding

_ (GeV/c) < 80
T, ch jet

ALICE Preliminary
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=
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S I o I
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|'°£ [ Anti-k, R = 0.4 'Uﬂ [ systematic p-Pb
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L - B ~
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00 5 10 15 20 2 0O 5 10 15 20 25
M, (GeVic?) M., (GeVic?)

- small Vs dependence is expected (quark / gluon composition)

e compare the ratio Pb-Pb / pPb to the ratio in PYTHIA at the 2 energies

R

V

— =
)

] dN

]Vjcls ({A'fchjcl

‘ VINN=2.76 TeV

1 dN
fV)cls (,A'{chjct

| /AN=5.02 TeV
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Ratio Pb-Pb / p-Pb

&

AR

University of Tiukuba

* slope indicates that Pb-Pb distribution is shifted towards smaller masses
with respect to pPb

Data/PYTHIA
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%}< . Model comparison -

» data lies in between PYTHIA and JEWEL with ‘recoils off’

* Q-PYTHIA and JEWEL with ‘recoils on’ produce too large mass

E 60<p, , . (GeVic)<80 E ; 80<p, ,  (GeVic)<100 E 100<p _  (GeVic) <120
N&)/ 0.2 ALICE Preliminary (:IL_), 02'_ (:'9/ 0.2 [ ) Pb-Pb 0-10% |s\, = 2.76 TeV
B 5 [ % [=E=— PYTHIA Perugia 2011ysy,=2.76 TeV
2 E% 2 E% 2 E% JEWEL+PYTHIA Recoil on 0-10% PbPb
S o S S | == JEWEL+PYTHIA Recoil off 0-10% PbPb
— 2 $ ,—l 8 i A8 f—— arvTHA
i
S o= b T | )
—— [
+-D- -l-f-‘—O— + %—D— =t
Hlgzthle - S W I -t
—0— e o
—o— -—= - == -
T e =g - - gt T -
—— [ - ==
Y 2 A s 01214 16 18 20 22 "% 90 15 20
My o (GEV/?) My (GEV/C?)

* Q-PYTHIA: radiative energy loss modelled by enhanced splitting functions
(N. Armesto, L. Cunqueiro, C. A. Salgado, hep-ph/0907.1014)
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.l ALICE in run 2: DCal

CiRTSE

EMCal

acceptance
Ap=107°

7 EMCAL

&PHOS CP S Y, - ¢ — -:}_;\‘ B N

9 MAGNET - : i - o -—— N
10 ACORDE S ; £ 3

e el DCal(+PHOS
13 MUON FILTER

14 TRIGGER CHAMBERS acceptance

15 DIPOLE MAGNET Ap=67°
16 PMD . o

17 COMPENSATOR MAGNET ~
182ZDC An 1.4

* run 2: DCal upgrade
- significantly extended jet acceptance
- back-to-back in azimuth (di-jet topology)

* new avenues for jet physics in ALICE

ba
2> N3 \
5
4

&

BT

University of Tiukuba
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) Summary e

University of Tiukuba

* jet cross sections and properties in pp
e strong jet suppression observed in Pb-Pb collisions

* first jet nuclear maodification factor from run 2 indicates stronger
suppression at higher energy

* non-zero jet v2 indicates path-length dependence of jet quenching
e strange particles in jets

* first measurement of jet mass in HI collisions indicate shift to
smaller masses

e first results from run 2 - more to come !
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ALICE jet response

Phys. Lett. B 722 (2013) 262

- full jets, pp at 2.76 TeV £ wore<mowe | sombitwos | e e
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%‘g = Jet Structure L A

University of Tiukuba

- different observables, e.g. radial moment g, ptD

[)f.
g — Z J{f|l'f|

icjet T

« comparison to PYTHIA pp reference shows collimation
of jet core (R=0.2)

H_ \/’}:: P%,i

Pr

2i Pr
C)SO_ N LT, T T " D 6|_ LR U N AL L B
S - ALICE Preliminary ’ — " ALICE Preliminary ’
> [ Po-Pb {5, =2.76 TeV 1 Q  [Pb-Pbysy=276TeV .
5 25 " Anti-k; charged jets, R =0.2 - Q 5__Anti-kT charged jets, R =0.2 ~
i o - ALICE Data 1 =z F e —- ALICE Data |
_% 20 —_40 <p; " <60GeVic Shape uncertainty | ©O 4—_40 <pr <60 GeVic Shape uncertainty
Zr [JCorrelated uncertainty % C [ Correlated uncertainty
> B - +—+— ~+ PYTHIA Perugia 11 1 2> C —_— —4— PYTHIA Perugia 11 ]
151 TR 4 £ 3t —— =
- _l — — _
- —+ ] - ]
top ay 1 % = ‘—
B . ] = S a—
0_ P RN NN NN N A (N TR SR N NN W W ﬁ Lo 81_ I | P L I S
0 0.02 0.04 0.06 0.08 0.1 0.12 3 04 05 06 07 08 09 D1

g Pr

o
-

Oliver Busch - HI café, Tokyo 2017/01



CQO‘FQE Jet Structure : Model Comparison 3

University of Tiukuba

- trends reproduced by JEWEL jet quenching model

35 T T T | T T T | T T T | T T T | T T T T T T T l_ 6 T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1
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© - ] - y
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5 E Anti-kr c:larged jets, R =0.2 Shape uncertainty E Q 5__Anti—kT charged jets, R =0.2 Shape uncertainty ]
o o5 40 < " < 60 GeV/c [ Correlated uncertainty ~ — Z C 40 < p‘ft"h <60 GeV/c [JCorrelated uncertainty ]
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JEWEL: K.C. Zapp, F. Kraus, U.A. Wiedemann, JHEP 1303 (2013) 080
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o . . G
g{é pp charged jet cross-sections s,

« measured in minimum bias collisions at/s= 7 TeV

» good agreement with ATLAS charged jet measurements
(despite slightly different acceptance and track pr range)
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> E
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O
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Vsnn dependence of Raa

Uni

- charged jet Raa at Vsnn = 5.02 TeV compared to:
* ALICE full jet Raa at 2.76 TeV (R =0.2)

* ATLAS jet Rasa (R=0.4)
— different jet energy scales

&b
SR

versity of Tukuba

« comparable Raa: effect of flattening of the spectrum compensated by
stronger suppression
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