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CMS heavy-ion papers

cms heavy ion public results

19 published/submitted papers, 10 Physics Analysis Summaries (CMS PAS): |
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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CMS Perspectives on Jet Quenching
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CMS Perspectives on Jet Quenching
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CMS Detector

Centrality

HCAL Inl< 5.2

ECAL In|< 3.0
Tracker Inl< 2.5
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CMS Detector

Combine tracking and calorimeter information: “Particle Flow”

ey:

Oom im

Muon

Electron

Charged Hadron (e.g. Pion)
Neutral Hadron (e.g. Neutron)
Photon

through CMS

CMS

Better

resolution of p; Safety factor for
tracking efficiency
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Superconflucting
Solergbid

Iron return yoke interspersed
with Muon chambers

Neutral energy and
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Jet measurements

clusters and tracks Particles Towers

HCAL

M

B/ Al Jets
cues * by o * * Anti-k
| c S R=0.3
An x A
(Tracking for only 0 072 ;( 0%76
the primary vertex) ' - barrél

Calorimeter clusters and tracks are matched and
combined to obtain most detailed information of

particles in the event _
(Details: CMS-PAS-HIN-11-004) Analysis

Estimated background is subtracted from merged selection
energy in each calorimeter segmentation

cMs, |
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Background

fluctuations supersedes

the recoll jet more ofte

in dat\\jo_zé
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Centrality 0-20%
- 120<p_ <150 GeVic "

Correlation peak is the same in data and Pythia

across all values of p;

No significant angular decorrelation of dijets.
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Dijet imbalance in centrality bins
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pp data at the same Vs available, more statistics welcome!
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P1- dependence of the duet |mbalance
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pr-dependence of the dijet imbalance

Reference itself has an increasing trend

[ T é]Mls LA (LI L L R (L L L L L B B R T I T T 17T ] T 17T I LI I T 17T I T 1 T LI I T T 17T ] L I 1T 17T I T |
T f D . eF N, e 8o
B —_ O T 1 —_ i
L U o o N + 4 0 H — -
0.705% 5 i oo -~ 7 + L = o O —_ -
MELUSTIER R SR LR
a~ o9 e - 1 - "' o -]
~a L 0e® _ 0 . s . 7
o 06 e ete ]
~ - ¢ PbPby\s, =276 TeV,JLdt=150 ub”' - R -
- =2 - ¥ ] p.. > 30 GeV/c T i
o050 PV 276TeV'IL‘" 21" T 2 T Energy loss apparent at
- - £n -+ . -
! O PYTHIA+HYDJET 50-100% | 12 3 all jet pT! 0-20% -
- | ! | R a3 %‘\ P i ST S T NN ST NN N N ST SN ST S AN ST ST N | | [ | "‘\ ]
g 0§ \ 3 | | | 3
: O;ééég'i"’i'"i """"""""""" f """"" P ——— = —
2 01" pre22 2t 8 2l e +
g - - E
o -02F . . . i R T N ST S i T T T 3
150 200 250 300 350 150 200 250 300 350 15 200 250 300 350
P, (GeV/c)
No significant dependence on jet p;
s, 1

| Gunther Roland High p; Workshop, Wuhan, Oct 2012

11




y+jet: u,d quark energy loss

CMS./ EMS Experiment at LHC, CERN
™~ Data recorded: Mon Dec..-5-23:36:38
\Run/Event; 183013|l143056273 .
i 1 Lumiséction: 1114
Photon |
| (191GeV)
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AN
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Jet
(98 GeV)
Photon tag:
 |dentifies jet as u,d quark jet
* Provides initial quark direction
* Provides initial quark p;
RN
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v-jet correlations

» Ratio of the p; of jets to photons (x,,=p¢"/p+Y)
is a direct measure of the jet energy loss

* Gradual centrality-dependence of the Xx;, distribution
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v-jet correlations
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 Measured jet spectra
— Jet triggered events E>80 GeV
— Inclusive jets pt>100 GeV/c, |n|<2
— Anti-k; particle flow jets, iterative background subtraction(PbPb)
« Unfold detector effects in PbPb +pp:
— jet prt resolution and jet pt scale
— Bayesian unfolding based on PbPb MC
— Cross-checks:
« Generalized Singular Value Decomposition (GSVD) unfolding
* Bin-by-bin unfolding

« Smear pp data based on jet resolution & scale from PbPb MC (different
jet pr, centrality bins)

« Ratio of jet spectra: unfolded PbPb to unfolded pp

CMS/|
15




JetR,,

JetR,,

Raa from unfolded jet spectra
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b-jet |dentification

CMS/| >
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Long lifetime of b (~1.5 ps) leads to measurable (mm or cm)
displaced secondary vertices (SV)

Subsequent charm decay may lead to a tertiary vertex

B-jets are tagged using reconstructed SV’s, using the flight
distance of the SV as a discriminating variable

We then extract the b-jet fraction by a fit to the SV mass

An alternative tagger based only the impact parameter of the
tracks in the jet is used to corroborate the SV performance



b-jet to Inclusive Jet Ratio

b-jet fraction

cMs, |

b-jet fraction = # of tagged jets * purity / efficiency
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CMS (* preliminary)

Summary of jet Ry,

PbPb\/sy = 2.76 TeV
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First Look at pPb data in CMS

P Pb CMS collected 2M min bias pPb
events in Sep 2012 pilot run

Anything interesting in high
multiplicity pPb?

CMS/|
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Correlations in 7TeV pp collisions

Results based on 1fb1,

i.e. sampling 50billion pp events Intermediate P+ 1-3 GeV/c
with high multiplicity trigger

(b) MinBias, 1 .OGeVIc<pT<3.OGeVIc (d) N>110, 1.OGeVIc<pT<3.OGeVIc

R(AM,A()

Pronounced structure at large 6n around 6¢ ~ O !
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Multiplicity Evolution in pPb

Low multiplicity

CMS pPb Vs =5.02 TeV| N < 35

1<p.°<2GeVic
1<p;™*<2GeVic
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Multiplicity Evolution in pPb

Increasing multiplicity

CMS pPb \fs = 5.02 TeV,

f<p, <2GeVic Divide into 4 multiplicity bins:
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Multiplicity Evolution in pPb

Increasing multiplicity

CMS pPb \/s =5.02 TeV| 90 <N <

trig

T<p, <2GeVic
1<p"* <2GeVic
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Multiplicity Evolution in pPb

P Pb
Increasing multiplicity > &
CMS pPb V5 =5.02 TeV[N> 110 ] 1 !
1<p®<2GeVic
1< p:SS°C <2 GeV/c
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Quantitative evolution of ridge effect

CMS pPb \/s =5.02 TeV, N= 110
1 T T T T T T T

Study quantitative evolution with the same
approach as in pp ridge paper for
apples-“apples” comparison

CMS pPb \'s =5.02 TeV, N> 110
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Multiplicity and p; dependence
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No ridge anywhere in pPb MC

Compare to AMPT and HIJING pPb
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Multiplicity and p; dependence
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Ridge Associated Yield

ZYAM example

CMS pPb \'s =5.02 TeV, N= 110
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In the signal (N>110)
region, the strength of

the effect rises and

In the p; range where
the yield is the
strongest, the ridge

falls with p- turns on at N=40
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CMS /1

Summary and Conclusions

e Asignificant ridge is observed in high multiplicity
(central) pPb collisions at 5 TeV
— strong mechanism to produce particles in a plane
— strength of ridge is much larger than in pp
(comparable to PbPb?)

e Effect turns on slightly above average minimum

bias multiplicity

e Effect rises and falls with p;

— similar trend as observed in both PbPb and pp ridge
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Dijet to leading jet ratio

At high p+, only very few jets get

1—g ------ PR -4 completely lost on the away side

L 0.95F55 god =

= . . -

= 09? E Leading jet
Zf 0.85 ;_‘ e PbPb 5. =276 TeV,ILdt= 150 pb"_;

5 0'8_' o PP \f§=2.76TeV,JLdt=231nb" _;

0.75E E TN Background
r O PYTHIA+HYDJET . \ /?//
B T -\~ 7

- 008 . T

é i Centrality 0-20% i %"\ jf
ZE 0.06 p,, > 30 GeVic ] s ¥
e o 20,>%x : L

5 004 3 ] True subleading jet
2 e i
= O-O?-gﬁ[; ', 1 * Background amount

koo o) . .....1 enhanced with quenching
150 200 250 300 350 : :
b (GeVic) However, very little at high py
CMS /|

| Gunther Roland High p; Workshop, Wuhan, Oct 2012 35



b-jet Fraction vs. Centrality

CMS preliminary Syy = 2.76 TeV
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b-jet fraction does not show a strong centrality dependence
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RAW multiplicity distribution

10" - CMS Preliminary

\/S,y=5.02 TeV
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Track quality cuts
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Event Selection
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Number of pixel clusters
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Secondary Vertex Mass Fits
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After enriching sample in
b-jets with the SSVHE tagger,
we fit the SV mass distribution

Shapes of b and non-b
templates taken from MC,
normalizations allowed to float

The shapes of the non-b
templates are cross-checked
with a data-driven method

The stability of the fits and the
shapes of the templates are

the dominant sources of
systematics uncertainty
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Different jet cone size
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No strong dependence on jet radius
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yt+jet: u,d quark energy Ioss
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Jet RAA systematics
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