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LML QCD at High Density

Hot, dense QCD in the final QCD at large gluon density
state in heavy-ion collisions in the initial state at low x
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. _ _ . Cross section measurement for simultaneous
Observation and studies of jet quenching production of a central and a forward jet in

in PbPb collisions at Vs, = 2.76 TeV proton-proton collisions at Vs = 7 TeV
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LU CMS Detector
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Calorimeters (HF)
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| UL Jet Reconstruct

Jets are reconstructed from calorimeter

CMS Experiment at LHC, CERN

Data recorded: Sun Nov 14 19:31:39 2010 CEST

Run/Event: 151076 / 1328520

Lumi section: 249
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A dijet in a central PbPb collision
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| lHeavy-lon Background Subtraction ,

(2) Run jet finder on subtracted towers
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4) Re-run jet finder on subtracted towers

O. Kodolova, I. Vardanian, A. Nikitenko et al., Eur. Phys. J. C50 (2007)




L_Leading Jet p; Distributions %

ST o e » 6.7 ub of PbPb in 2010
<ot Statistics out to p; ~ 300 GeV/c
10'; s T ~ 150 ublin 2011

IUZé
: = Rather than unfold resolution

10 PP : effects, comparing to fully
@ ] J RS simulated reference distributions
E- —s+— PbPb \5,=2.76 TeV PYTHIA 6 (Tu ne D6T)

1INJ.et dNIdpT (GeVic)™, Arbitrary Normalization

10%¢ ! E PYTHIA dijet events embedded

10-3;— 1 +/ into PbPb events

= PbPb inelastic cross section
150 200 250 300 ] ] ) .
binned in centrality using HF

o) *HR / PYTHIA + DATA:

Leading jet p; (GeV/c)
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cMms,

L Dijet Angular Correlations

b L
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Leading jet: p;, > 120 GeV/c, [n| <2 Ag(rad)

o No strong angular deflection
Subleading jet: p;, > 50 GeV/c, [n| <2
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LM Dijet p; Asymmetry

I I
: cMms IL dt=35.1pb” :
0.2 = * ppVE=T.OTeV  —
_5 ~———— PYTHIA :
S _
po N Anti-k;, R=0.5 -
c
2 01 —
p,,>120GeVic - A(I)lz > 2/3 T
P, , > 50 GeVic ]
N NN L . . . |
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A, = bra—pre
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Dijet asymmetry quantified by A, Jet p; cuts place a threshold on A,
—> insensitive to shift in energy scale e.g., pr,=120 & p;,250 GeV/c > A< 0.41
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Event Fraction

Event Fraction
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Dijet pT Asymmetry
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Large degree of energy loss, i.e., jet quenching in central collisions
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LM More Quantitatively ...

Fraction of dijets more balanced than the

median (as given by
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N,art = Number of nucleon participating in collisions

(a measure of collision centrality)
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LU Tracking the Lost Energy

= How is energy lost from jet?
= Two possibilities:

o Energy is deposited in low p;
particles which have a low
calorimeter response or don’t reach
the calorimeter at all

o Energy is pushed outside the cone
Jet by the jet quenching mechanism

Cone = We can correlate the jet to charged

tracks whose p; can be measured
precisely to p; of 500 MeV/c

Charged
Tracks

= But we need an observable that is
insensitive to large background of
low p- particles
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LU Missing-p;/

Track
"|1|" — 2 _pTrac COS (‘PTrack — (PLeading ]et)
Tracks

= The component of p; along the

leading jet axis is summed over all SM

tracks of pr > 0.5 GeV/c

= The heavy-ion background
contribution cancels

= Only the jet axis is used not the p;
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L Missing-p,/
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Tracks
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Even for asymmetric dijets, summing over tracks
down to p; of 500 MeV/c, the p; balance is recovered

cMms,
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| UL Missing-p;/
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The lost energy of for asymmetric
dijets is transferred to low p; particles
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LML In-Cone vs Out-of-Cone
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The lost energy carried by low p particles is mostly
transferred to large angle with respect to the dijet
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L Forward Jets =

= Measured in HF towers,
0.175x0.175inMmx®

CMS, pp —jet +X\s=7TeV,L =3.14pb"

fwd
T

5 EI Data
. . > NLO ® NP
= Anti-k;, R=0.5, trigger fully & — — PYTHIA6 (22) ;
o = | PYTHIA 8 (Tune 1) 1
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= Sampling x down to < 10*% & | CASCADE *
g 7 N |
" Low intensity 2010 data £
. . 102; ——— .
= Unfolded for jet resolution E
= Spectrum well described 10f 32<hl<47 =
by various generators L | | | | ]
_ . 40 60 80 100 120 140
= Uncertainty dominated by p. (GeV/c)

jet energy scale (20-30%)
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LU

Forward-Central Dijets

CMS
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= Require a jet of p; > 35 GeV/c in both the central and forward regions

= Compare to various generator varying LO vs. NLO, underlying event
modeling, hadronization, parton showering, etc.
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CMS

LU Theory/Model |

CMS, pp— jet, +jet  +X,\/s=7 TeV, L =3.14 pp” CMS, pp— jet_+jet_ +X,\/s=7 TeV, L =3.14 pb”
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=  PYTHIA tunes over-predict jet yields

= |mproved description of the underlying event (Z2, Pythia8) helps

" Including NLO+parton shower (Powheg) does not improve agreement

= (Cascade (CCFM) reasonable at forward, but poor description for central
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LU Theory/Data

CMS, pp — jet +jet +X,\s=7 TeV, L =3.14 pb™ CMS, pp—jet +jet +X\s=7TeV,L =3.14 pb™
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= HERWIG reproduces the shape better than PYTHIA, normalization
systematically high, but consistent within errors

=  HEJ which calculates multi-jet production including large angle BFKL
effects is mostly consistent with the data
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LU Conclusions/Outlook

= Strong quenching of jets probes QCD dynamics at high temperature, density

» Energy is transferred to low p; and large angle, challenging traditional

energy loss models
» Also measured the fragmentation function (HIN-11-004)
» Order of magnitude more data from 2011 Run being analyzed
= Forward jet measurements probe the low-x behavior of QCD
» Jets measured outton =5

» Central-forward jet production sensitive to models (MPI, parton

radiation, etc.)
» CASTOR detector at -6.6 <1< -5.2 will probe x < 10 and An =10

=  Proton-lead collisions in 2012 will be extremely interesting for both the

heavy-ion and forward communities
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| U_  Jet Response and Resolution
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Closure of jet energy scale to with 5-10% even in most central collisions

L L L L
— 50-100% CMS | 20-30% - 0-10% 5
. i PYTHIA+DATA ]
— ——-+Leading Jet Response =
E —E -5-Subleading Jet Response ]
: P ]
-}
Ehmas & & '-""""'"T-T'___‘El BraE T " %"‘_T """ Beomogeege « T B
L 1 l l 1 —_— | — | —_—
L J | L | ol | oot
- 50-100% [ 20-30% T 0-10% ]
| —=Leading Jet Resolution
L —+ - -8 Subleading Jet Resolution -
T ----Resolution in p+p
i
2
L & A g $ -
E!__Ii_i LI - = g G H"*--U " i
s N . ] T N IR A
0 I . M RS IS | PR TR T T N T TR TR T N T S SR | PR TR T T N T TR T T N T S SR |
100 150 200 100 150 200 100 150 200
pfe’”e' (GeVlc) pfe'”‘" (GeVic) pfe’”e' (GeVlc)

Jet resolution degrades with increasing centrality

12/20/11

EDS2011: Heavy-lon and low-x QCD Physics

22



| Unclusive Forward Jet Theory/Data
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