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vV =wal

T Jets in CMS

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV
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Jets in QCD medium

hadronization

jets




Jet quenching

T T 17T III T I
SPS 17.3 GeV (PbPb)

i o x° WA98 (0-7%)

RHIC 200 GeV (AuAu)
0 x° PHENIX (0-10%)
% h' STAR (0-5%)

B SPS Tl LHC 2.76 TeV (PbPb)

® CMS (0-5%)

¢  ALICE (0-5%)

T T TIT] T T
GLV: dN/dy = 400
GLV: dN/dy = 1400
GLV: dN /dy = 2000-4000

- YaJEM-D -1
elastic, small P__ -

- @lastic, large Pw

== YaJEM

- ASW -
PQM: <> = 30 - 80 GeV*/fm -

10 20

100 20

P, (GeV/c)

do A4 / de

RAA(pT) — < Ncol] > dO'pp/de
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CMS detector & coordinate system

Ini< 2.4

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

Particle Flow Jet (track p> 0.9GeVic)




Raa Results from PbPb Collisions

2.5 | T T I | T T I | I T T | T T T | T T T | |
| —&— *Z (0-100%) |y| < 2 |
L —m— W (0-100%) p: > 25 GeVlc, | < 2.1 i
— ——=— Isolated photon (0-10%) n| < 1.44 =
2~ =—a== Charged particles (0-5%) [n| <1 ]
- === *B- Jly (0-100%) |y| <24 n
1.5— —
é n .
m - -
bk
- 4 ]
0.5 a i ' te e 4 + ol
l_a. ff ot i
- ae” i
0 - coeo e o oy e oy o oy oy g | ]

0 20 40 60 80 100
p, (M) [GeV]

* Initial-state and final-state effects combined
* Need Rp, for the interpretation of the suppression

CMS: EPJC 72 (2012) 1945, PLB 715 (2012) 66. PLB 710 (2012) 256,
HIN-12-014, HIN-13-004, HIN-12-004, HIN-12-003
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Jets in CMS

205.1 GeV

pt:

Jet O

1,2
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Jets in CMS

T T T T T T T

pT 1 A ILdt = 150 ub” g
’ c i s PbPb Vs, =2.76 TeV -
@) B ) i
= 0.3F 22 PYTHIA+HYDJET -
@ B I
T 120 <p_ <150 GeVic :
) . I

= i

W oaf

B ™

2 04 06 038 1
pT,2/pT,1

Dijets are more imbalanced
iIn PbPDb collisions




Raa Results from PbPb Collisions

2.5 i T T T | T T I | I T I | I T I | T T I | ]|
| —&— *Z (0-100%) |y| < 2 i
L —m— W (0-100%) p: > 25 GeVlc, | < 2.1 _
— ——=— Isolated photon (0-10%) [n| < 1.44 =
2~ =—a=— Charged particles (0-5%) [n| <1 ]
- B *B- Jiy (0-100%) |y| <24 .
1.5 _
é n -
m - -
T L
- 4 ]
0.5 M ' t 4o R Tl
0 .
it ]
- ae” i
0 - ceo e e o oy oy oy g | il
0 20 40 60 80 100
p. (M) [GeV]

* Initial-state and final-state effects combined
* Need Rp, for the interpretation of the suppression

CMS: EPJC 72 (2012) 1945, PLB 715 (2012) 66. PLB 710 (2012) 256,
HIN-12-014, HIN-13-004, HIN-12-004, HIN-12-003
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Raa Results from PbPb Collisions

2.5 T T T I T T I | T T I | I T T | T T I | T | T T T T I T T T T | T T T T | T T T T
- S "Z (0-100%) Jy] <2 ~ CMS *PRELIMINARY PbPb s =2.76 TeV -
- ——m—— W (0-100%) p! > 25 GeVic, | < 2.1 - J‘ P -
- — % Isolated photon (0-10%) [n| < 1.44 - Ldt=7450pub -
2— =—e—— Charged particles (0-5%) nl<1 —&—— *Inclusive jet (0-5%) In| <2 ]
R B Jiy (0-100%) |y| <2.4 = *b-jet (0-10%) n| <2 i
1.5 _|
m - -

i

-
IlII|IIIl|IIII|lIlI|lIlI
IIII|IIII|

IIIIIIlII
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p, (M) [GeV] p, [GeV]

* Initial-state and final-state effects combined
* Need Rp, for the interpretation of the suppression

CMS: EPJC 72 (2012) 1945, PLB 715 (2012) 66. PLB 710 (2012) 256,
HIN-12-014, HIN-13-004, HIN-12-004, HIN-12-003
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Nuclear Effects in pPb and PbPb Spectra

Parton Distribution Function
Hard-scattering cross-section

Fragmentation function

Charged /
hadrons f / C:a:gozz /‘ 4
% had % /

Hadronic
rescattering Energy
loss
roton
P _ nucleon nucleon nucleon

Nuclear PDF
Hard-scattering cross-section

Nuclear PDF
Hard-scattering cross-section

Hadronic rescattering
Fragmentation function Fragmentation function

Challenge: pPb at a different energy than pp and pPb
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Hadron and jet R p,

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2
0

lII|lllIl[lIlll|ll||lll|lll||ll||ll|lll

IIIIII |

CMS Preliminary
pPb |s,, =5.02 TeV
N_,=6.9 B

coll m =

— e CMS Charged Particles InCMI<1

EPS09 fDSS NLO x° y=0

Helenius et.al, JHEP 1207 (2012) 073

IlIIIII| | | IIIIII|
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1 10 0?
P [GeV/c]

CMS: HIN-14-001

}
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Charged Particles Anti-k; R=0.3 Jets

o5 CMS Preliminary  pPbL =35nb"; PbPb L = 150 ub™ pPb \s,, =5.02 TeV PbPb \s,, =2.76 TeV

- i T T 1 I 1 T | l | 1 T l | 1 | I | T | I i -I LI I L I L I L I LI I LI I LI I LI I-

B | 7% Charged particles R,, (0-5%) <1 i i = * " Inclusive jet R,, (0-5%) <2 ’
'.g 2:— —8— Charged particles FlpA InCMI <1 —: :— —&— Inclusive jet HpA InCMI<O.5 —:
L i i N i
C - - - -
2 15[ 1 F |
w— e - — —
St gm 8 % @ 8 1 7 ;
% [ oB ° i i aipt o 1
O qf@mmomc__ _ _ _ _____________ ] p--GefBE_[le8e 80 g ol %0
= i i ]
B - o -
o) | ¢ i i i
e . 1 - ]
g 05 - .‘— * ‘ * ! + | | + + i i OO....” ¢ ¢ + i
Z ) N N n B =
' . - i

0 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 I ] i 11 l Ll l L1l [ L0l l L 1.l l L 1l l Ll 1.l l L1l ]

0 20 40 60 80 100 0 50 100 150 200 250 300 350 400

p, [GeV/c] p_ [GeV/c]

CMS: EPJC 72 (2012) 1945 , HIN-12-004, HIN-12-017, HIN-14-001
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Relation to x

}

Modification to rapidity of jets previously observed, except,

CMS Preliminary
pPb 31 nb™

Vsay = 5.02 TeV
P, > 120 GeV/c
P, 30 GeV/c
Aq)t2 > 21/3

HF[n[=4
All EX [n>4]

/W

-8 0 8
nP->

dijet

Ndijet dndijet

Z
o

-~

0.5

0.4

0.3

0.2

0.1

T

IIIIIIIIIIIIII'IIIIIIIIII

T l T T

————— CT10
— CT10 + EPS09

T l T

 pPb

T I T T

T I T T

(@)

absolute normalization not known

limited p; range = Crucial for understanding the various effects
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More: b-jets

o CMS Preliminary PPb |_ 3 nb™; PbPb L = 150 ub pPb \'s,, = 5.02 TeV PbPb \s,, = 2.76 TeV
| - N T T T T | T T T T T T | T T T T LI I LI I LU I rrri I LU I LINLILIL I rrri I LI |
O - - -
ugi =Z:E;er;r::czllljnc - et R, (0-10%), hi<2 E : T* Inclusivejet R_ (0-5%) Il <2
- 2 - brjet RPYTHIA 2a<n, <167 - —8&— Inclusive jet RPA | <0.5 .
Q .
© 1
= 1.5 - — N
S _
o) - o 1 . lusi § an |
= I o, , | Inclusive %% 00,5, , o |
— 1 - - TP — R gl B oo oo o o E s O @ — — -
® i pA N .
Qo i
o 1 B il
=) N N + 4
Z 05 4l most central | seagetty. . -
; R :
O i | | | | | | | | | | | | | | | | 1 1 1 i _I L1 1 I L1 1 1 I | | I L1 1 1 I | | I | | I L1 1 1 I | | I_
0 100 200 300 400 0 50 100 150 200 250 300 350 400
b-jet P, [GeV/c] P, [GeV/c]

« Dramatic energy loss for jets in PbPb collisions

« Virtually no modification seen in pPb collisions

 We observe virtually no modification as a function of jet flavor
CMS PAS HIN-14-007 || CMS PAS HIN-12-004
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Summary

roton
P proton

Parton Distribution Function
Hard-scattering cross-section

Fragmentation function

Charged /

vacrons 1,1/ et L1/
// .
Hadronic
rescattering Erll:sl‘gy

proton nucleon

nucleon nucleon

Nuclear PDF
Hard-scattering cross-section

Nuclear PDF
Hard-scattering cross-section

Hadronic rescattering

Fragmentation function Fragmentation function
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Comparison to other experiments

2_ T T T I T T T I T T T | T T T I T T T T T T _]_
’ 8: e PPb{Ey=5.02TeV, <1 .
e pPbfsn=s02Tev, In,,|<0.3, arXiv:1405.2737
1 .6 B — T — — ]
= 14¢ - EEEE o
Y 125 o8 e — — — — :i
O B ]
£ A NG 2T =
£ 0.8 ! -
o -
X 06 :
0.4 . =
[ CMS Preliminary ]
O 2 :_ Ncoll-s'9 —:
0: 1 | | I | 1 1 I | | | I 11 | I 1 11 I | | 1 ?
20 40 60 80 100 12
p. [GeV/c]
ALICE: arXiv:1405.2737
CMS: HIN-12-017
ATLAS: ATLAS-CONF-2014-029

}
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Nuclear PDFs

Francois Arleo and Jean-Philippe Guillet

http://lapth.cnrs.fr/npdfgenerator/

2 1 .5 | T T T TTTd | T T T TTTT I T T 1T TT I
DV —— g EPS09 LO i
% 1.4 Q*=10000 GeV? 1
E C — u EPS09 LO 1
1.3 — bEPS09LO | I

1.2 - “Anti-Shadowing”
1.1F k

PN
/

095 “Shadowing” “EMC Effect” .
08: Lol Lo vl L .....:
10° 102 10 i
nPDF
PDF

EPS09 - K. Eskola, H. Paukkunen, C. Salgado:
JHEP 04 (2009) 065

}
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“Fermi Motion”

I:{pr

1.8
1.6
1.4
1.2

0.8
0.6
04
0.2
0

pPb |s,, =5.02 TeV

EPS09 fDSS NLO =° y=0

Helenius et.al, JHEP 1207 (2012) 073
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2013 pPb Luminosity

CMS Integrated Luminosity, pPb, 2013, Vs = 5.02 TeV/nucleon

Data included from 2013-01-20 14:08 to 2013-02-10 05:05 UTC
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Particle Flow

Particle flow reconstructs all stable particle in the event: h*-,y, ho, e, u
clusters and tracks Particles

T

 On average jets are:
~ 65% charged hadrons, ~ 25% photons, ~ 10 % neutral hadrons
» Using the silicon tracker (vs. HCAL) to measure charged hadrons
o Improves resolution, avoids non-linearity
o Decreases sensitivity to the fragmentation pattern of jets

* Used extensively in ALEPH, CMS and proposed for the ILC
M. Nguyen for CMS, QM2011 talk

HCAL
Clusters

o

neutral
hadron !

eCAL < Wb
Clusfers :

charged
hadrons
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Iterative Pileup Subtraction

¢ (I) 2) Run jet finder on subtracted towers
|"| ETtower_ ETtower( n )_O-Ttower( I’] ) n
Original towers
¢ 4) Re-run jet finder on subtracted towers
Eur. I
Phys. J.
C50
(2007)
7 @
n ETtower_ ETtower( r] )_O-Ttower( r] ) n
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