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* Jet guenching observed in AA collisions (strong interaction of
medium with high-p; particles )
* Isthe Jet fragmentation function modified?
* Are Jet shapes distorted?
 Can we regain the “lost” energy?
* Flavor dependence of strong coupling with the medium?
e Jet guenching at the LHC (CMS, ATLAS, ALICE)

 What can we learn from pPb collisions?
* [Initial state, Cold Nuclear Matter effects?

 Datasets:
PbPb (2011) and pp (2013) @ 2.76 TeV
pPb (2013) @ 5.02 TeV
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Dijet imbalance
Ay = (pT,1_pT,2)/(pT,1+pT,2)
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Nuclear Modification
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O 5sa o 20 ioomo~  (Taa)dor/dpr
Small A, Large A, ) p, (GeVic)
(Balanced dijet)  (Un-balanced dijet) <N_,;> - No of participating nuclei
‘ per event o=~ Jet
) 0 - cross section Pb

<T,»> - Average value of the 3

nuclear ‘thickness’ function

Rua > 1 - Enhancement

Rua = 1-no medium effect

Raa < 1 - Suppression/quenching P -

Jet * In medium parton energy loss
- “Jet quenching”

9/17/ Raghav Kunnawalkam Elayavalli \ HOT | Jet in CMS-HI 3

\



$
4
E
i
£
S

CMS DETECTOR EBL RETURN YOKE n=-In (tan 6/2)
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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clusters and tracks Particles
i
HCAL : M
noutral |

ECAL Y
Clusyers

Anti-k; algorithm is used
in most of CMS publications

CMS,/ | CMS Experiment at LHC, CERN
. Data recorded: Sun Nov 14 19:31:39 2010 CEST
=\ RunfEvent: 151076 / 1328520
/ Lumi section: 249
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. Background
Forinstance, AnxA¢  gybtraction and
0.076 x 0.076 in barrel jet clustering

Calorimeter (CALO) Jets: Using Calorimeter
energy deposits.

Particle Flow (PF) Jets: Combines information
from all sub detectors to make PF candidates,
which are then clustered.
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1. Background (bkg) energy per
tower calculated in strips of n P

2. Jet finder run on subtracted
(sub) towers

3. Background energy
recalculated excluding jets

4. Rerun Jet algo on bkg-sub
towers without jets -> get the
final jets.

| 00
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(2) Run ICS jet finder on subtracted towers
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(4) Re-run IC5 i finder on subtracted towers




clusters and tracks Particles | Jet
i |
v |

HCAL s . |

Not used in the latest
HF/Voronoi algorithm

ECAL Y
Clusyers

Background
subtraction and
jet clustering

Anti-k; algorithm is used
in most of CMS publicatons !

£ B Calorimeter (CALO) Jets: Using Calorimeter
energy deposits.

Particle Flow (PF) Jets: Combines information
from all sub detectors to make PF candidates,
which are then clustered.

Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 GeV/|
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A Voronoi diagram in the (eta, phi)- plane is used to associate an unique area to each
particle such that the UE density can be removed particle-by-particle
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Voronoi tessellated HYDJET/GEANT particle-flow event (combined tracks and calorimeter
towers) before (left) and after (right) subtraction.

Non physical negative particle/areas are “equalized” to maximally approximate to the
original (real) jet distribution of radius R. (backup slides)

Flow (v2,..,v5) accounted for by projecting the expectation from the HF

‘ 00
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Event Fraction

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

Strong jet-quenching in PbPb
collisions

Dijet p; imbalance observed

10% decrease of <p; ,/p;,> for
central collisions — subleading jets
guenched more than leading jets

Subleading jet

|Jet 1, pt: 70.0 GeV.

Di-lets
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Leading jet

Jet 0, pt: 205.1 GeV




e Strong jet-quenching in PbPb
collisions

* Dijet p; imbalance observed

* 10% decrease of <p; ,/p;,> for
central collisions — subleading jets
guenched more than leading jets

C CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

Lumi section: 249

Leading jet
Subleading jet —

|Jet 1, pt: 70.0 GeV.
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a Tracks inside a jet cone of R=0.3 P
- Pb

ﬁ'— _’!i'_ i i._ "ﬁ._

[Ty rrrfrrrr1'
10-CMS
E PbPb \/sNN 276 TeV

— pp reference data 0 3< |nle‘| <2
[ 150 ub' [

1/NigfdNiracid d&

70- 100%

50-70%

PbPb/pp

£=In(1/2) £=In(1/2) E=In(1/2)
7 = ptrack / _ .
PN Per High p; — no modification Suppression of
Phys.Rev. €30 (2014) 024908 heeone
the cone
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Enhancement

I at low p;
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e._

CMS, |5, = 2.76 TeV pp, |L dt=5.3 pb’

First experimental Jet Shapes in HI

JPTTTATRIAsae s Lasassesaaanann & : R L Iaeaagess
- P >100 Gevic { __ -©pp reference Pb |
o T <2 17 |- - |- _’a |
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Able to recover the lost energy by going to

Sum Charged part'des for Large AR in the away side jet
unbalanced A;>0.22 dijets in
central (0-30%) PbPb A Py _2’8?%012“" o 1T
35 GeV/c of high p; tracks 3 s m—— .
. . . . o B N
missing from away side jet Y
-b—_20 ,." o ",’ .
at AR:O,Z 9" K 0?’2% P ---pp cumulative
o PbPb-pp — PbPb cumulative
* Balanced by low p; particles A
up to very large AR=2.0 Pr 7120 P70 CENE
m,|:m2|<0-50,A¢1'2>57l/6 §
* PbPb-pp : result shows a o CdoR=03 &
. . . . A,>0.22, lnm(|<2.4 .I\._
different p; distribution o -
* Take the p; cumulative of all e E e

¢>05 [M8.0-3000 10

tracks — total angular

9/17/14 Raghav Kunnawalkam Elayavalli \ @ Jetin CMS-HI 13



CMS Preliminary, pPb |s,, = 5.02 TeV
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CMS Preliminary, pp ¥s =5.02 TeV

10_2 __l | | 1 | | | | | I | | __
B Extrapolated pp jet cross section | Extrapolated from pp data
al B at 7 TeV.
< 107 = 0 0.0<ly|<0.5 = 1. Dependence of the jet
O | 0 0.5<y|<1.0 (x57) radius and the Vs on
% 10°® ¢ 1.0<|y|<1.5 (x6%) — the cross section
= 12 1.5<)y|<2.0 (x5°) —| 2. The above effect was
> 10 ~ extracted from Pythia
©_ - and compared with
= 101 B NLO (next to leading
B . | order) calculations
o — References: -] )
© o121 PRL107 (2011) 132001 | 3. Applied to generated
-~ PRD 87 (2013) 112002 T spectra to derive the
y (CMS pp jet cross section at 7 TeV) . reference at 5.02 TeV
10- T L L 1 [ R R B M
50 100 200 300 1000

[GeV/c]

P
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CMS Preliminar pPb L =35 nb™; PbPb L = 150 ub’ pPb \s, = 5.02 TeV PbPb \'s,, =2.76 TeV
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0 20 40 60 80 100 0 50 100 150 200 250 300 350 400
P, [GeV/c] P, [GeV/c]
Enhancement observed at p;~20GeV !! Rpa — flat at 1 ~ no modification

pp — reference for R, — extrapolated
from 7 TeV. Need data at 5.02 TeV
100
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Misidentification Probability

CMS Simulation Preliminary \S\y = 5.02 TeV
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b-jet efficiency

The Simple Secondary Vertex (SSV)
tagger is more robust against a

combinatorial background due to the

secondary vertex requirement

CMS Preliminary \syy = 5.02 TeV

[ -2.0<n,, <20 -e- pPb data
b
Bc
I usdg

90 <p_<110 GeV/c

T TTTTT
L1 lllllll

T lllllll

L1 lllllll

L1 lIIlllI

Number of jets
2

10

1 lllllll

10

0 1 2 3 4 5 6
Secondary vertex mass (GeV/c?)

template fit to the SV invariant mass
distribution in pPb collisions for jets of
90 < p; < 110 GeV/c, where b-jets
dominate after 2 GeV/c2

100
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pPb San = 5.02 TeV PbPb VSNN =276 TeV 5 CMS Preliminary pPbL=35nb"; PbPb L =150 ub™
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No observable difference between inclusive and b-jets in the explored p; range
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2 _I T T T LI I T T T T 1T I_
18 - e CMSfulljet,-0.5<n_<05 E
- ALICEchargedjet,-0.5<n_<05 ]
1.6 © o ATLASfulljet, -0.3<1_ <0.3 B
147 -
o.2F 5
o C ]
mo' s .
0.8) E
0.6 e arXiv:1210-4520 :
0.4~ ¢ ATLAS-CONF-2014-024 -
0 of CMS-HIN-14001 B
:I | | l | I | I | | | L1 1 :
%o 30 100 200
o p. [GeV/c]
Good agreement
between experiments
at mid rapidity
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(Charged) Jet R p,,

JetR,,
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Inclusive Jet Ry,

/ Ry

e ALICE anti-k:-R=0. 2 j6t0-10% E

_e— ATLAS anti-K. R=0.4 jeb0-10%

¥

)
ALI-PREL-84783 o

lIIIII

jBE
o
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ot

ATLAS-CONF-2014-025 o -
CMS-HIN-12004 o -
: 30 40 5060 100 200 300 400
Jet P, (GeV/c)

Need CMS R,, at low p; (50
GeV) —in progress ©
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Many observables showing independent confirmation of modification of
jets in the medium (final state interactions)
Jets are heavily quenched in most central PbPb collisions

Jet Structure modification:
* Excess of low p; particles inside the jet cone (A, measurements)
* Observe quenching of intermediate range p; particles (Jet
Fragmentation)

Quenched energy recovered by going to higher radii.

* Lost energy carried away by low p; particles away from the jet cone
(Jet+Track measurements)

Flavor dependence: So far no glaring differences between tagged and
inclusive jets (in the explored p; range). Need results from fully
reconstructed D, B mesons (in both PbPb and pPb)

Initial state in pPb collisions can be described by nPDF
* Inclusive jets are not quenched

100
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Offset: pile-up and electronic
noise — (Not used in PbPb or pPb
— substituted with background
subtraction)

Relative (n - pseudorapidity):
variations in jet response with n
relative to a control region.
Absolute (p;— transverse
momentum): correction to the
particle level versus jet p; in the
control region

—— CALO jets anti-k; R =0.5

N

Jet Energy Correction Factor
&)

Raghav Kunnawalkam Elayavalli
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before collision

Heavy lon collisions
are split up in terms
of the number of
colliding nuclei.
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spectators —s

participants

after collision
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p3°" (GeV/c)

CMS Simulation

PYTHIA+HYDJET
PbPb

\/% =276 TeV
Anti-k;R=0.3
Inl<1.4

+ FastJet "doughnut”
o lterative pile-up
= HF/Voronoi

m =~ 10% improved mid-rapidity jet energy resolution for the new HF/Voronoi

algorithm vs. old CMS' iterative pi

leup (PU)

m Also comparedto (6, A) = (0.4, 0.8) FastJet “doughnut”
CMS DP-2014/xxx (TBD, approved but not yet assigned a number)
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m Ingredient #3: “Equalization” to produce positive
event

m Purely a band-aid for iterative, positive-pr jet
reconstruction algorithms

(I
‘-;a!‘w;;g;-%)n‘:#g SR
LT B

m Balance out negative cells to represent the same
event using positive cells only

m Implement a delocalized underlying event on
particle level

m Similarin idea to a mosaic:

m Manipulation of color tiles on a small scale
m “Reconstructs” to a correct visual impression on a coarse scale

'@

700
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Bayesian Unfolding — Nucl. Instr and Meth., 362(1995),487-498.

Response Matrix Unfolding MonteCarlo as a cross check
600— T Ll T T Ll T T | T T T T T 10-3 1.2_l|||||||IIII|I|III[|IIIIIIIIIIIIIIlIIIIIIIIIII—
5001 cMS simulation | CMS simulation * Bayesian ]
400} - —
PYTHIA+HIJING - 1.15 - PYTHIA+HIJING o Bin-by-bin i
InCMI< 1.0 T i PnCMI <1.0 ]
) 1 =10° . Antik, Particle Flow Jet R=0.3 -
> - -
8 s | 1
o-:_' '_ i -
o 10° 3 1.05 -
1 =107 1 % %% % %% s
108 0.95 :— —:
1 ! ! 1 1 -9 __ __
304080 100 200 800 ° B R R R T

jet
p Pb Gen p” [GeV/c]

p‘Tet [GeV/c]

—>0 _ Unfolding removes the detector effects on jets
)
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CMS Preliminary, pPb s, = 5.02 TeV CMS Preliminary, pPb |/s,,, = 5.02 TeV

E LI I LI [ LI I LI I LI I LI l ] t LI l LI | I LI I L I LI l L I ] :
; O Combined  *Jet60 45F o eJet20 ©JetB0
® o Jet20 ¢ Jet80 : E ®Jet80 ]
10F & o Jet40 Jet100 4F @ ®Jetd0  jet100
- o u n
o f Ldt=35nb" 8 351 . ° f Ldt=35nb" 3
= - .
6| = - ‘ |
g f 2 ,sf ° .
© - ]
10° ", E 2F o . o =
E -CE> n ° .
; g1k o % 3
z’w"’"- v
: Anti-k . Particle Flow PU Jets: R=0.3 0.5 - Anti-k; Particle Flow PU Jets: R=0.3 B
| I I Ll 1 l Ll l L1l 1 I b l | I 1 F— I 1 1 | I 1 1 1 I — 1 I 1 | 1 | | 1 1 l L

20 40 60 80 100 120 140 20 40 60 80 100 120 140

p, [GeV/c] P, [GeVic]

Combining several CMS HLT (high level trigger) datasets by selecting on their trigger
Object in the pt ranges of the respective HLT. Extends our kinematics.
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Weak

down-type:

B-quark decays are

heavily CKM-suppressed

* Primary identification method

is using a Secondary Vertex
— Long lifetime of b = mm or cm vertex displacement
* Flight distance (L, ) of the secondary vertex used as a
discriminating variable
* Tagging methods independent of secondary vertex
reconstruction used as cross-check
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y -> Long lifetimes ’

Primary
Vertex

Secondary

Displaced
cks

Vertex

7
’
J

-
-
-~
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Algorithms described in:
JINST 8 (2013) P0O4013
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Charged particle R p,

2 llllll I I llllll] | | lllllll

——e— CMS, n|<1
——e— ATLAS, n|<1
——«— ALICE, [n|<0.3

Reference contributes to about 2/3
of the difference.

4 Anti-Shadowing from 20GeV/c???
Need pp Data at 5.02 TeV

¢ CMS-HIN-12-017

0.2 pPb |/s,, = 5.02 TeV, charged particles

0 Illlll 1 1 IIIIIII | 1 Illllll

® ATLAS-CONF-2014-029
¢ arXiv:1405.2737

_lllllllllllllll

10
P [GeV/c]
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