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Motivation

« Experimental handles on Energy Loss mechanisms

Bethe Bloch Specific lonization

* When studying the parton energy loss in a QGP we should
look at all aspects of the energy loss mechanism
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Jet Measurements in PbPb Collisions

 From Yetkin’s presentation:

— Angular correlation of dijets

« Angular correlation of partons is not affected by the
medium

« Constrains the scattering mechanisms
— Large dijet momentum imbalance observed

» Direct observation of parton energy loss
« Access to the AE of the energy loss mechanism

g~ + More detailed studies:

— Jet Track correlations
* Do we find the “lost” energy in the vicinity of the jet?
* Medium response to the jet
— Missing p+
* Global pt balance in the event can tell us where the
energy lost by the parton manifests itself

— Jet fragmentation functions
* Is the jet itself modified due to the energy loss?
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Track-Jet Correlations

Study charged patrticle distributions within jet cones
— Use n reflected (n -> -n) reference cones for jet-by-jet subtraction
of Pb+Pb underlying event
» This avoids ¢ dependent variations due to elliptic flow
* Exclude n; <0.8 and [n;| > 1.6
— Study associated track distributions versus pr and AR

— Uncertainties in background subtraction limit this
method to p; > 1 GeV/c and AR <0.8
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Track-Jet Correlations

Look at the sum p+ of charged
tracks in 3 different p; ranges

Baseline is PYTHIA+HYDJET where
generator information is available for

charged particles -
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Track-Jet Correlations

Phys.Rev. C84 (2011) 024906
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Track-Jet Correlations

Phys.Rev. C84 (2011) 024906
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* PYTHIA+HYDJET:

— The leading jets show a fragmentation pattern of hard
partons, i.e. large energy sum for high p; particles
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Track-Jet Correlations
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Phys.Rev. C84 (2011) 024906
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* PYTHIA+HYDJET:

— The associated subleading jets show a softer fragmentation pattern
with increasing A;

— The asymmetry in the calorimeter jet energies is reflected in the
fragmentation pattern into charged hadrons

— The momentum balance in Pythia is carried by a third jet
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Track-Jet Correlations

e Data:

— The leading jets also show a fragmentation pattern of
hard partons, even for A;>0.33

Phys.Rev. C84(2011) 024906
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Track-Jet Correlations

e Data:

— The subleading jets also show softening of the
fragmentation pattern with increasing A;, i.e. lower jet

energy
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Track-Jet Correlations

e Data:

— The observed calorimeter jet imbalance is reflected in the
fragmentation pattern into charged particles

— This supports the interpretation that we can infer a momentum
Imbalance in the fragmenting partons from the calorimeter jet

Imbalance
Phys.Rev. C84(2011) 024906
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Track-Jet Correlations

Phys.Rev.C84(2011) 024906

 |n dijet events with a large
iImbalance, A;>0.33, we find
significantly more energy Iin tracks
below p; of 4GeV/c at large AR
— But, not nearly enough to restore

the dijet balance

* No Indication of cone like
structures around the jetup to a
cone size of 0.8
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cms/|

Missing I = >

N IE W Tracks

Calculate projection of p+
on leading jet axis and
average over selected
tracks with

pr > 0.5 GeV/c and
In| < 2.4
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COS ((PTraCk — (PLeading ]et)

o M.,

Leading jet defines direction
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cms/|

Missing I = >

N IE W Tracks

Calculate projection of p+
on leading jet axis and
average over selected
tracks with

pr > 0.5 GeV/c and
In| < 2.4
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Track

—PT
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COS (‘PTraCk — (PLeading ]et)

Sum all tracks in the event
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Integrating over the whole event final state
the momentum balance Is restored
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Missing-p-!
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Missing-p-!
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The momentum difference in the dijet is balanced by low p;
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Fragmentation Functions

CMS Preliminary
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Parton Fragmentation

Partons fragment to Hadrons
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Parton Fragmentation
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£=In(1/z) Representation
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£=In(1/z) Representation

dN/dz
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Fragmentation Functions in Data

Particle Flow Jet Reconstruction
— Antik;, R=0.3

— Fully efficient for pr > 40GeV/c

— Good control of jet p; scale

— Applied in pp and PbPb
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Fragmentation Functions, pp and PbPb
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Fragmentation Functions, pp and PbPb
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Fragmentation Functions, pp and PbPb

AR T A A A AR R R AR AR L I RR RN RN R RRR TTTT
10° £ CMS Preliminary Tracks in cone (AR < 0.3)

E ant

10°
10 & 40
1f

dN/dé

107 E

i~k (R=0.3) PFlow Jets

PP

102}
103

O Leading Jet
® Subleading Jet

E pi'>100 GeVic, p,*? > 40 GeVic
> 2/3n

pT>4 GeV/c

" PbPb

30-100%

L' "0 'Leading Jet

I|IIII|IIII|IIII|IIII|IIII|_I_
Vs, =276 TeV 3

J.L dt=
B

---- pp reference
# Subleading Jet

— pp reference

[o]Leading Jet
» Subleading Jet

& =1In(p/

Track)

0051152»@533544‘005115225335445

Track )

= In(p

Leading and subleading jet in PbPb fragment Ilke jets of
corresponding energy in pp collisions

http://cdsweb.cern.ch/record/1354531

CMS-PAS-HIN-11-004

CMS%;
|

Christof Roland

29

High py 2012, Hanau



Pbe/pp V&S Duet

§ CMS Prellmlnary
L |Lat=7.2u0"

[ PbPbAE,, =276 TeV

g 130-30% -
D s
Z107: ]
©
1024 4
10‘3§ : : E|
104 H 0<A4<0.13 0.|1I§<AJ<0.24 =0.24<A <0.35 g70.35<{\,~|=0‘.79 ‘ £

. = T
anti- k.r(R-O 3) PFlow Jets mth PU

pEt>100 GeVic, pi' *>40 GeVic

Ad > 2/3n

T T
Tracks in cone (AR < o 3) O Leadlng jet

-——- pp reference
E @ Subleading jet
¥ — pp reference

p.>4 GeVic E

Central PbPb}
0-30%

P P T L
R L LA AR AL IR A
[c]Leading Jet |
s Subleading Jet

]

s
0

05115 ZJ% ST'(}a‘.gk44‘0 05115 ZJ%S 3Tl?égk4 4‘0 05115 2 53T%2k4 4£0 05 115 2\‘%5 3T?33k445 .
E=In(p /%) E=In(p/p ") E=In(p TP %) &= In(pl/p”Y) ‘T

10;%:(‘:"“_’1;’81“3"‘:!%2"'—:};%‘&”"HIO‘-‘3‘66/IO€—HI‘a‘n;i_‘k;(‘R‘:lo.é)‘l‘:,l‘zllo\;lljlet‘slm;it‘h‘lau%JIH‘HH‘HH‘HH‘HHPL‘II“(‘DIL‘eéaiHé‘jétlHlui
:gﬁ ? PN, <276 Tov : p#el1>100 GeVic, py” *>40 GeVic : ; . SUbleading Jet :
=10 : B :
Q_ | ] i i 3
o 0 0<A;<0.13 ¥ 0.13<A <0.24% 0.24<A <0.35" 0.35<A <0.70:
Z 10 T o 1
e g § T,
0 QQO:? 3,08 ORI S 7 ST " RIS
16 | | J
EI I ? ?T T 1 ‘ | I . ‘ T TT ??F | ‘ L1 T ?? ? ‘ L | ‘ L1 IT\ ‘ | I . ‘ | I ﬁjl \(?I%

0 50 100 150 200 250 J 50 100 150 200 250 ) 50 100 150 200 250 ) 50 100 150 200 250

CMS-PAS-HIN-11-004 p. (GeV/c) P, (GeV/c) P, (GeV/c) P, (GeV/c)

http /lcdsweb.cern. ch/record/135451:%1

CMs,| .
A Christof Roland

30

High py 2012, Hanau



Pbe/pp vs Dijet Imbalance

L B A B e B L B L L AN T
ECMS Prellmlnary anti-k (R=0.3) PFlow Jets with PU g Tracks in cone (AR < 0.3) £ 0 Lead'"QJEt

102 ¢ |Ldt=72 pb”! -——- pp reference
E @ Subleading jet
—— pp reference

E pEU>100 GeVic, p2>40 GeVic p;>4 GeVic E
10 b POPbYE,, =276 Tev i

E >2/3n
F 0-30% e

0 0<A<0.13

Crenreben e e e e e e n e e n e e e e e e e
Central Pbe.5 i : [c]Leading Jet .
2.5;— T — T s Subleading Jet—;

0-30%

05 1 15 ZJ% ST?agk‘l 4‘0 05 ‘|IIH1I.HH2|‘:J|2;5 3T%2k4 4£0 05 ‘|I”1 5 2:2;15 .’li_‘n?égkt‘l 5 ‘ll 15 ZﬁS ST?agk‘l 45 )
E=In(p;/p*™)  E=In(p /™) E=In(T/pI™) &= In(pp ) ™
o ctn;pr:..zm:)aw 0-30%7  kmoaprwseswneu £ U ) eading jet
105 PbPbYS,, = 2.76 TeV Pr 2100 Gele, by™>40 GeVic : E « Subleading jet
10 Ap > 2/3n 1 E
Q‘ . 0<A;<0.13 0.13<A <0.247 0.24<A <0.35? 0.35<A <0.70

The jet fragmentation pattern is independent of energy lost In
medium. Consistent with partons fragmenting in vacuum
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Christof Roland

Jet Track correlations

— Energy excess in the vicinity of the jet does not
account for the energy lost by the parton in the
medium

— No indication of cone like structures around the jet
up to a cone size of 0.8

Momentum difference in the dijet is balanced
by low p; particles at large angles relative to
the away side jet

Jet fragmentation functions in PbPb

— Jets in pp and in PbPb show a similar pattern
* Independent of the energy lost in the medium
— Consistent with partons fragmenting in vacuum

H
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Jet Reconstruction

y
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: : o0 R ]
Particle Flow Jet Finder (PF) '430'6_ ]
— Anti-k; Clustering Algorithm EU 4: CMS Simulation ]

- R=03 ‘S e 0-10% HYDJET, |n| < 2 .

— See Presentation by M. Nguyen S T i
Parallel Session, Friday &0_2 B O lterative Cone, Calo, R=0.5_|

= i e antik,, PF,R=0.3 i

Underlying event Subtraction ﬁ O_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

— lterative PileUp subtraction
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GenJet P, (GeV/c)

Jet Reconstruction fully efficient above:

— 50 GeV/c, Calorimeter Jets

— 40 GeV/c, Particle Flow Jets
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Jet Reconstruction

@

Calorimeter based Jet Finder (IC5)

— Iterative Cone Algorithm

— R=05

— arXiv:1102.1957 [nucl-ex]
Particle Flow Jet Finder (PF)

— Anti-k; Clustering Algorithm

— R=03

— See Presentation by M. Nguyen
Parallel Session, Friday

Underlying event subtraction
— lterative PileUp subtraction

« Good Jet p; resolution
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« Jet p; corrected to generator final state particle level
— Correction derived from PYTHIA
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PYTHIA Momentum Balance
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0.2

Event Fraction

- (@) CcMS _[Ldt=35.1 pb”’

-8 pp \s=7.0 TeV
-~ PYTHIA

Anti-k., R=0.5

PP

02 04 06 08
Al

1.0

For unbalanced PYTHIA dijets
(Aj > 0.3, 10% of the total), a 3rd
jet provides most of momentum
balance
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Residual quenched energy In jets
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PYTHIA Momentum Balance
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Fragmentation Functions compared to MC

o

pp Pbe Perlpheral 30 100% Central O -
10° ECMS Preliming@00" T | <oa T oLeaéjnget P T
E anti-k (R=0.3) PFlow Jets :riikg:\;:ne{m 03 - Pythia Vs, =276 TeV 3
10° = plet!> 100 GeVic, pi'? > 40 GeVic ® Subleading Jet ILdt=7.2ub'1_§
wp 10 & 40> 2/3x — Pythia <
S b o s - b
Zz m " PbPb PbPb
AL T N o 2
v 10 i__Q__ a - ] - E
1072 \§ =276 TeV 30-100% 0-30%
10‘3: ILdt=260 nb” =
3:_|::::}::::}::::|::::}::::}::::'::::'::::'::::'_T__HHIHHI"" ””I””I”"I””I”HIHHI_;HHIH | | T | |_
- [o]Leading Jet
(5) 250 E i 1 « Subleading Jet
2F ] 1 :
= = |
© 15}f . % - 4} =
e - B
© : » .
0O 1" T F > 'Q"EE"Q " 1—[@ """""" T éi CHECREE) &5 _" - $° B
0.5% - —— -
b Lol + |--|.. | il ] T TN I
00 0

Christof Roland

n(p

t/p

39

JZS 3 35
et, Track

1
F
e

‘-—f_h‘_

"2253354'4'.'5

Jet,; Track )

5
n(p; /p;

High py 2012, Hanau



Uncorrected Leading
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Fragmentation Functions

Central Events‘

i Data Vs MC 931320 Y%, ak3PuPFIow ] B Data Vs MC 931320 Y%, ak3PuPFIow
103 = P#et1>100 P, = >40,A0>2/3n = 10 - PJet1>100 P, ~>40,A0>2/3n =
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e Leading Jet, MC, p_ > 1 ] e Leading Jet, MC, P, > 1 ]
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& = log(pr*!/pyTreck) § = log(pr™®/p; k)

« Fragmentation Functions are reconstructed by correlating the tracks in
a R=0.3 cone around the jet axis with the corresponding jets

— pt>4GeV cut applied to the tracks to eliminate the underlying event
contribution
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Jet p+ reweighting

pp, MC:
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PbPb data show different
jet pr spectra compared
to MC

To compare the
fragmentation functions
the jet p; distributions in
embedded MC are
reweighted to match the
PbPb reconstructed
spectrum
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Heavy lon Track Reconstruction
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Trigger Selection

Minimum Bias Trigger

Jet Trigger

|
l

- (a) CMS PbPb \(s,, = 2.76 TeV -

HF or BSC firing in coincidence on
both sides

97+/-3% efficient

Jet Trigger
(uncorrected p, > 50 GeVlc, n|<2)

Level-1: Single Jet 30 GeV
(uncorrected energy)

HLT: Single Jet 50 GeV 0
(bkgd subtracted uncorr. energy)

Fully efficient for corrected energy
~bove 100 GeV Collision Rate: 1-210 Hz, Jet50U Rate: <1 Hz

Efficiency (Trigger / Minimum Bias)
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PbPb/pp Peripheral Events

Overlay of leading and subleading jet

3 [T T T T T T

E CMS Preliminary

L |Ldt=7.2ub"

[ PbPbyE, =276 Tev
© 30-100%

anti-k, (R=0.3) PFlow Jets with PU

pleti>100 GeVie, pi'*>40 GeVic

AG > 2/3

PP T [T T T [ O e
Tracks in cone (AR < 0.3) O Leading jet
-—-- pp reference

PAS

p1>4 GeVic o
® Subleading jet

T — pp reference

El Leading Jet

s  Subleading Jet

AvaEsrarst]
rl

0‘5 1 15 ZJ%P 3Tr3a€c’:k 0 05 1 15 ZJ%S 3 r?ag 4 4‘(|) 0.5 1|H1.5 2;‘2;?‘”:‘3_"‘_%%"(!1 4.£0 05 1 ﬁaﬁ 31_'1_333"(4‘ 45
& = In(p; ) E=In(P /P & =In(p/p ) §= n(p Tp7™)

107 ¢ " Datavs MC, 30-100% " anti-k.,(R:O.a) PFIow Jets with PU " g* o Leading jet E
106 = CMS Preliminary __ p#el =100 GeV/e, pf'z>40 GeVie _ __ ® Subleading jet ]
105 JE=T2 e +  Ap>2ax 4 + ]
Ll E E: E
QL POPOVE, =276 Tev 3 E
° g 0<A,<0.13 : 0.13 <A, <0.24 E 024 <A, <0.35 0.35<A,<0.70
prd 10° E ] 3 * 4
© 10° % D'QO ’%’ ®y O E e O ” . B
E ., ooo '. “ E * oo,
10 E .Qa = QQQ E . OOQ E
i ! itgpis M ity o ]
L T?ﬁ’%. TR AR ? ‘ TT G
0 50 1 00 1 50 200 250 50 1 00 1 50 200 250 ) 50 1 OO 1 50 200 250 ) 50 100 1 50 200 250

Christof Roland

P, (GeV/c)

P, (GeV/c)

48

P, (GeV/c)

P, (GeV/c)

High py 2012, Hanau


DataProvenanceNu.ppt

