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31 published/submitted papers
19 Physics Analysis Summaries (PAS)

CMS studies both ‘soft’ and ‘hard’ observables
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N Introduction

CMS detector
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"
Data for HI analyse

S

System & Integrated
Energy Year luminosity

sy = 2.76 TeV VS

Pb+Pb

@—»> «—@ s=2.76 TeV \s =

PP

VSpn

-+ \/sNN= 5.02 TeV
Pb+p

Different trigger selections used <

PbPb
_ 2010
2.76 TeV 2011
bp
2.76 TeV 2011 231 nb™!
2013 5.4 pb-’
pPb
— 2012 1 pb-!
(pilot run)
5.02 TeV 2013 35 nb-!

(pPb) + (Pbp)

—  ®» MinBias Trigger
=» Photon Trigger

= Jet Trigger
=» (Di)Muon Trigger
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Centrality determination

m Energy deposit in forward > :t b
calorimeters (HF) usedto - §—
determine centrality of PbPb and
pPb collisions

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

Minimum Bias Trigger

m Example distribution of the total
Jet Trigger

HF energy used to divide PbPb

2 -
C 3
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sample into centrality bins 107 £ -
E - ]
£ T i
Collision centrality is related to gm
geometrical quantities: c )
|
N,.: — Number of participating g & E
nucleons W ESsesssans .
Tl A 0 T T 0 AW 0 U T W A N I
N, - number of elementary 109" 20 40 60 80 100 120 140 160
NN collisions Sum HF Energy (TeV)

D @,
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Introduction

Jet reconstruction in PbPb collisions

ICMS/ | CMS Experiment at LHC, CERN

b ‘.| Data recorded: Sun Nov 14 19:31:39 2010 CEST

b - Run/Event: 151076 / 1328520

é Lumi section: 249 d Ncharged/d r] ~ ] 600

(for 5% most central PbPb collisions)

Jet 1, pt: 70.0 GeV!

Jet cone radius:

R=+/(An) +(ag)

Jets are accompanied by large “soft underlying event”
- jet reconstruction difficult
1 Use event-by-event background subtraction procedures

- In CMS iterative PileUp subtraction method employed [Eur. Phys.J. C50 (2007) 117]
m Jet finding algorithms used in CMS
1 Iterative Cone
O Anti-k;
m Jets are found using different sets of detectors

1 Calorimetric Jets: use ECAL and HCAL
1 Particle Flow Jets: use Tracker and Calorimeters
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N Introduction

Particle Flow Jets

clusters and tracks Particles Towers

HCAL
Clusters

s+

neutral
hadron !

eCAL YU
Clusfers :

HCAL, ECAL and Tracker information used

Particle flow reconstructs all stable particles in the event: h*/-, y, h9 e, u
Individual particles are then used to build jets

Particle flow event reconstruction applied in AA collisions for the 1st time
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"
Jet quenching

F~. et

In medium parton energy loss

- “Jet quenching”

Energy loss of high energy quarks and gluons propagating
through Quark-Gluon Plasma (QGP) leads to the depletion of jet
yields at high transverse momenta (p).

Parton flavor dependence is predicted.

Energy loss of heavy quarks expected to be smaller than for
light quarks and gluons.
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Energy deposits
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Manifestation of jet quenching effect

Pr1—Pr

Balanced jets

pr ;- leading

J

A

asymmetry ratio

Dijet p; imbalance quantified by
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"
Dijet events in PbPb collisions

l‘leading’ PRC 84 (2011) 024906

Dijet Imbalance

g _ (b) J.Ldt=6.7uh'1 () et <2 _ s PLB 712 (2012) 176
5 oz 2 romang 250 Gevle |
f : Iterative Cone, R=0.5 : A¢>2/3TE 32 ° exp. DATA
2o f + i 1 ¥subleading - ref. DATA
(NI § T P
t  s0-100% | 0-10% % Dijet pr imbalance (A)
6267 06 os 1 02 04 06 08 increases with centrality
Ay = Py P JPr #Pr ) DA = pT,l - pT,2 - Direct observation Of_jEt
Asymmetry: 7y =7 quenching in central PbPb
Prit Pro

collisions
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a Experimental results

Dijet events in PbPb collisions

Dijet Imbalance

CC) (b) J.L dt=6.7ub" T pet] <2
= ! . 1 >120 GeV/c ]
g 0.2] ® PbPbvs, =276 TeV—" SI:;>50 GeV/({ )
Lt | — PYTHIA+DATA 1 A¢>2/3TE
i Iterative Cone, R=0.5 1
Fis)
c ! + 1
v 4
> 0.1T7 7] T
= TD) ©
+ 50-100% | 0-10%
RSN AL A e a1 WA AN A Uil oy 0 1 1
0 0.2 04 06 0.8 1 0.2 04 06 0.8 1
Ay = Py P JPr #Pr ) pT 1 pT 2
Asymmetry: AJ =
pT 1 + pT,2

Dijet Azimuthal Correlation

l‘leading’

PRC 84 (2011) 024906

PLB 712 (2012) 176

J1
J2 * exp. DATA
Y‘Subleading’ - ref. DATA

% Dijet pr imbalance (A)
increases with centrality

- Direct observation of jet
quenching in central PbPb
collisions

= Jets remain essentially back-

c : Ldt=86.7 b 50-100% (f) ..
o 101 L ® PbPbV\S,=2.76 TeV tO—baCk (A(I)NTE) fOI’ a” Centralltles
S . ek - Propagation of high p; partons in
= j ’ dense nuclear medium does not lead
S 102f b to a strong angular decorrelation
LA it s
| i
103 F
0015'1&5 %5 3 05 1 15 2 25 .3
s A¢:‘ jet1_¢jet2‘ .
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"
Dijet events in PbPb collisions

Average dijet momentum ratio <pt,/pr ;>

0 8__‘ 'C|M'SI LA L L | T ﬁ ™7 '____I T r 1 1 [ T T 17T T 1T L | I____I T L | L | T 1T | L | \__ PLB 7] 2 (201 2) 'I 76
©r o 1 o I O o
- ! $ 0 o1
L — O _ L O - 4
B O o O | O -
0.7E05% & g Tpoo— — + L oo O — + -
- ?fﬁ?ﬁ E e T R T -, o]
Q—N ::_ - ;..- e T . = ] O ref. DATA (MC)
= 0.6 = wePs - .
(e} L N B - i [ ]
~ | o PbPbvs, =276 TeV,JLdt =150pub”’ L I . exp. DATA
0 5: o PPVS=276TeV, JLdt: 2316’ 1 P, >30GeVic 1 i
N T a0 >2n T ]
L PYTHIATHYDJET 50-100% T w3 20-50% | 0-20% 1
C TR NI A R R | | TR R | R | I I U R T A RO R | |
U + T T 3 T T T 3
p= S TR SR SO B S R S ]
) 0%?5_3' -E“i" ""f'"'%*z*;ff_;___;____$_--§5-_ﬁ~_~ - - - - - l—
g 01 B T T Y e -
o c I i - - T
n‘ '0-2__ I I I I I __f_ ........................ _ff_ ........................ =

- leading
GeV/ P11
P, (GeVic) pr .- subleading

% For mid-central and central PbPb events <p;,/p;;> significantly
lower than in MC simulation

=» Effect stronger for more central collisions
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"
Photon-jet events in PbPb collisions

Jet-Jet Photon-Jet

et
Leading Jet )

Photon

Subleading Jet 'Prompt’ photon does not interact
with the medium:
Initial parton for leading jet could
also lose some energy

- analysis is biased - provides initial parton p;

- provides initial parton direction

B. Boimska (NCBJ) Polish Workshop on Relativistic Heavy-lon Collisions 13



0 Experimental results

Photon-jet events in PbPb collisions

% y-jet event

e
T

n o

S

L =
! S Sl

/
#

Photon O, pt‘: 142.1 GeV \ TR RS P

I

Direct measurement of parton
energy loss in the medium

Photon-Jet

Jet

Photon

'Prompt’ photon does not interact
with the medium:

- provides initial parton direction

- provides initial parton p;
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0 Experimental results

Photon-jet events in PbPb collisions

Direct measure of the jet energy loss is the ratio of jet to photon p+:

PLB 718 (2013) 773
T X.Jy_pTJet/pTy
1.05F =
- 7 ] e exp. DATA
1640, > 8T pr>60GeVic || < 1441 )
@ o5 o> 30 Gevie < 1.6] © € DATA (PYTHIA+HYDJET)
S 09F =
c  ,250.85 - Quennnnn Cennrarnnranes . G.ie Jets lose about 15%
& YV oaf + 1| of their initial energy
0.75[ E
O_7§— 3-------------*---_?-
0.65 -4 primbalance larger for more central collisions
06 500 200 300 400
part
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"
Photon-jet events in PbPb collisions

Direct measure of the jet energy loss is the ratio of jet to photon p+:

PLB 718 (2013) 773
T
1.05F . =
1£40, >8T p7>60GeVic || < 1.44]
g 0.95 Pl > 30 GeV/c '™ < 1.6
I E =
S A 09 -
% >\;‘O.85§' O o mmmmmnnnnnnns Eyransnannnnans Q....E..
v 0.8F + l
S + E
0.75) =
O7§— 3.............*..._5-
0.651 =
_l 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 I:
0675 100 200 300 400
part

X3, =Ppr’py"

i e exp. DATA

o ref. DATA (PYTHIA+HYDJET)

Jets lose about 15%
of their initial energy

primbalance larger for more central collisions
1: "

‘e exp DATA

- ref. DATA (PYTHIA+HYDJET)

3
-

' i S 10" Central g
Azimuthal Correlation: S 10 @ entra |
Jet y © [ 0% -10% +
Ay, =|p™ —¢| T | i
E‘IDQT L ] .

Photon and jet are ‘back-to-back’ (A¢;, ~m),
also for other centralities.

e

Ad

CA);I'I\J -—
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"
Dijet events in PbPb collisions

Where does the lost energy go?

,missing” p.!!:

V‘qL = ) — 1% cos (Prrack — PlLeading Jet)
Tracks

transverse (_)
plane

Sum the projections of p; of all reconstructed
charged tracks (in the event) onto leading jet
axis

g 67
W}\\n@z’mﬁzr
: 4
=

Study dependence of mean ,missing” <p;//> on dijet asymmetry A,

A = Pri—Pro

- i+ pr,- leading jet
Pr 1 pT,2 pr - subleading jet

B. Boimska (NCBJ) Polish Workshop on Relativistic Heavy-lon Collisions 17



0 Experimental results

PRC 84 (2011) 024906

"Missing” p;!l vs. A,

Radial dependence of the momentum balance:

. in-cone
All particles (AR<0.8) track (AR>0.8)
I T (I:h‘Isl | LI L I LI | LI I L | '.l_ T |> 6-5| deﬂlé LI B LI | LI L] I 1T 11 Dut_nf_co ne
~ 0-30% C | PbPb [T . T
40- Pb+Pb Vs,=2.76 TeV entra T I:II | 2‘2. ;'g g::;z I tracks

i f L dt=6.7 ub’ T+ [ 2.0-4.0Gevic + Excess towards sub-leading jet -

I , T [ 4.0- 8.0 GeV/c 1 e ]
= 20k : ——] ' ____- > 8.0 GeV/c I |
S E— . o S =
S o ! a
A
L2

-20 - -
ol ;
ﬁ Excess towards leading jet ]
L||||||||||||||||||||||||....I....I....I....I....||||||||||||||||||||||\|_
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
AJ AJ

balanced jets

J

unbalanced jets

Momentum balance restored when summing over all particles in the event,
independently of A

In-cone excess of high p; tracks is balanced by out-of-cone low p; tracks.

Momentum difference in the dijet is balanced by low p; particles at large

angles relative to the jet axis.

B. Boimska (NCB))
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"
|s jet fragmentation affected?

Measure Fragmentation Functions to check if energy loss mechanisms
modify fragmentation of partons.

1 d N Jet pJEt
A
Track g — |n(1/ Z) — |n( E k) o pTrack
N d§ p raci
Jet [
z- fraction of parton’s momentum
carried by hadron

Jet Fragmentation Function:

B. Boimska (NCBJ) Polish Workshop on Relativistic Heavy-lon Collisions 19



"
|s jet fragmentation affected?

Measure Fragmentation Functions to check if energy loss mechanisms
modify fragmentation of partons.

. . l d N pJet ApJet
Jet Fragmentation Function: Track &=/ 2) = In(——) pTrack
rac -
Ny d& By
: zZ- f_raction of parton’s momentum
Peripheral (,t) Central carried by hadron
w0 Letp »100Gevic,mi<2 | PRC 90 (2014) 024908
F T+ Track Pr >1GeV/c, r<0.3 3
g | : |
g F E]
=z * PbPb
:,i i Cppreference | | Central PbPb:
" 207 - 100% o 10% . For high p; particles (in jet cone)
e e fragmentation as in pp
3F 1 RO
25 { .. Suppression of intermediate py
g 2 ' particles
s 15 o - -
e e AT Y1+ Enhancement of low p particles
05t
R R S I R R R S
g=m(iz) { §=In(1/z) Centrality dependent modification of jet
High py Low py fragmentation functions in PbPb collisions
particles particles
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0 Experimental results

|s jet fragmentation affected?

Track p; distributions in jets:

HefFY) peripheral @ Central

b - i <03 1[PRC90 (2014) 024908

- pp reference

Central PbPb:

Low p;: excess of charged

102y 90-100% particles (quenched jets)
15
a 1 : {  High py: no change
g o0sf E 1.7 compared to track
E e eenned S & distribution in pp jets
i
IL . | L M | L Lol
1 10 1 10
pTtraCK (GeV/c) pT‘“mk (GeV/c)
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PbPb collision pPb collision

« Strong jet quenching in central PbPb collisions

« Observed as a pronounced dijet p; imbalance
(measurement of dijet asymmetry A))

« No azimuthal decorrelation of jets

jets are “back-to-back”) ) . ) ..
0 Is there jet quenching in pPb collisions?

B. Boimska (NCB)J) Polish Workshop on Relativistic Heavy-lon Collisions 22



0 Experimental results

|s there jet quenching in pPb for dijets?

EPJC 74 (2014) 2951

Dijet Imbalance

LI | LI | T T | T 1T | LI | LI
B - PYTHIA
. p,,>120,p ,>30GeV/ic  (b) ] (PP)
- ' ’ 1 ® pPb
075~ Ml <3 A0, ,>2m/3 —
A I il . :
& . ] * pr,/py, for pPb dijets the same as in pp
R - a— > no jet quenching observed
\Y I (® o @ Y ]
0.65_— —_
| e v e v b v v b e by gy I_
0O 10 20 30 40 50 60 pPb at +/s\y=5.02 TeV
BT (Gev) -
%(_ _.. %‘_ \\} ?EEE;E%E??E?L?%% 1031 52:10 2013 CEST
— \
p Pb p Pb

Centrality characterized
by E; at large |n|
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0 Experimental results

|s there jet quenching in pPb for dijets?

Dijet Imbalance

p,,>120,p  >30GeV/c  (b)-

> 21/3

0.75 Il <3,40 ,

O
®

o)
[®

< pT,Z/pT,’I>

o O
® e

0.65

ﬁ*

p Pb

Centrality characterized
by E; at large |n|

o
=21

I B R B R R
30 40

E““”‘4 (GeV)

L | \ |
D I I I I I | I I I I I

- &
3 e

jetz‘

Ad, = ‘¢jetl —¢

B. Boimska (NCB))
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EPJC 74 (2014) 2951

PYTHIA (pp)

pPb

* pr,/pt, for pPb dijets the same as in pp
- no jet quenching observed

= Jets remain back-to-back (Ad~mn) for
all centralities l

D|_|et Azimuthal Correlation

« pFb
+ PYTHIA + HIJING
—PYTHIA

(f) HJ

Event fraction

15 2

Aq)“2 (radians) A‘sz (rédians)



q
Nuclear modification factor

Study of jet quenching by looking at magnitude of particle yield
suppression.

1 d>?N.. /do.d Raa>1 enhancement
> L Py Raa=1 no medium effects
<NCO,,> d°N, /dp;dy

Raa<1 suppression

R =

e Pbe276 ITIeV

[ = *Z (0-100%) |y| < 2
L —m— W (0-100%) p! > 25 GeVic, [n¥| < 2.1
- —— Isolated photon (0-10%) |n| <1.44

PLB 710 (2012) 256

W — uv PLB 715 (2012) 66
70 > prp- PAS-HIN-13-004

Colorless probes (control probes)
are not modified by the medium

0.5

SRR U SRR S ESLPUSN Production scales with N ., Raa=1

p, (M) [GeV]
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q
Nuclear modification factor

PbPb 2.76 TeV

2.5- 1 1 1 I I I 1 I 1 1 1 I I I 1 I 1 1 | I i
| —— *Z (0-100%) |y| <2 _
[ ——m— W (0-100%) p! > 25 GeVic, || < 2.1 i
- —=— Isolated photon (0-10%) In| <1.44 -
2[— m==g== Charged particles (0-5%) |n| <1 -
| IS B /v (0-100%) Iyl <24 1 EPJC 72 (2012) 1945 JHEP 05 (2012) 063
150 1 charged hadrons & b-quarks
& L 1 are suppressed, Ry <1
1'_____{7___*___ 4
[ ¢ i
05 ; t 4 o ¢ g
;‘ T
_'1_.- i high p; reach
O- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ]
0 20 40 60 80 100

p, (m,) [GeV]

=» Colorless probes are unsuppressed
=» Hadrons are modified (jet quenching)

=» Less b-hadron suppression at low p;
B. Boimska (NCBJ) Polish Workshop on Relativistic Heavy-lon Collisions 26



q
Nuclear modification factor

PbPb 2.76 TeV PRL 113 (2014) 132301 || PAS-HIN-12-004
2.5- 1 I I I 1 1 I I I 1 1 I I I I I 1 1 | I i -I I I 1 I 1 I I 1 I 1 I I | I 1 I I 1 I 1 | i
- A "Z (0-100%) [y <2 - - CMS *PRELIMINARY PbPbys,, = 2.76 TeV .
| ——m— W (0-100%) p > 25 GeV/c, In*| < 2.1 ] i ) | i
L+ Isolated photon (0-10%) I| <1.44 - . J L dt=7-150ub -
2 g Charged particles (0-5%) |n| <1 = — —a—— *Inclusive jet (0-5%) | <2 =
[ *B - Jiy (0-100%) |y| <24 i [ —=— *bdet (0-10%) n| <2 ]
15 4 F -
s f ] f .
o L - . high p; reach
1'_____{L____ b b ____T--=—C /
| + : | + .
0.5 + + + ¢ ¢ + = — A A s b4

‘Hi.++ _ F . h;;+ 4 A i
o 1 ]
0- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ] -I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

0 20 40 60 80 100 100 150 200 250 300
p. (m ) [GeV] Jet R,y ~0.5 p, [GeV]

First m rement of b-jet Ry, !!
=» Colorless probes are unsuppressed st measurement oF b-jet Rax

=» Hadrons and jets are modified (jet quenching)

=» Less b-hadron suppression at low p+; b—jets are similar to q/g jets
B. Boimska (NCBJ) Polish Workshop on Relativistic Heavy-lon Collisions 27



-
Nuclear modification factor: PbPb vs. pPb

Charged particles
CMS Preliminary pPbL=35nb"; PbPb L =150 ub™

2.5 i ] T T I ] T T 'I T T T 'I T T T 'I 1 T T I i
1.6 E ~—*— Charged particles R,, (0-5%) Il <1 E
-'g 2 - —8— Charged particles pr. l“cml <1 -
w [ i _
®g1-or 1 . .
o [ oo % % 8@ @ 1 Enhancementin pPb collisions, Ryy>1
T | o © i
O 1 DD_D ___________________
= i
@ )
Q + . + + 3 . . . .
005 e ¢ 74 Suppression in PbPb collisions, Ry,<]1
< ~ central PbPb
0 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I ]
0 20 40 60 80 100
P, [GeV/c]

CMS PAS-HIN-12-017

EPIC 72 (2012) 1945 Similar trend in R, and Ry, as a function of p;

Need pp reference data at 5.02 TeV to reduce systematics
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g™ Experimental results
Nuclear modification factor: PbPb vs. pPb

Charged particles Jets
55 CMS Preliminary  pPbL=35nb" PbPb L = 150 b pPb \s,, = 5.02 TeV PbPb \s,, =2.76 TeV
& i T T T 'I T T T 'I T T T I T T T I T T T I ] _I T I TTTT I | L I TTTT I LI I TTTT I LI I TTT T_
1.6 | =% Charged particles R, (0-5%) <1 ’ i T* Inclusivejet R , (0-5%) ml<2 ]
-'g 2 [ —e— Charged particles th InCMI <1 _ N —&— Inclusive jet HpA I'qGMI-::O.S _
w [ i i .
C - - - -
S .| PP 1 ]
+— 15 — — —
S : i o O nl a o o : : pr -
= - 0 H - o O
S femwns” ________________3] [__gPe "88088.05. o, %;
= i I
S 1 [ i
Q + _ I -
205 ' * + . + + “a — 0.-..¢’+ ¢ 4 + 7
> o ¢ ] i :
~ central PbPb ] I central PbPb |
0 1 I 1 I 1 1 1 I 1 1 1 I 1 I 1 I 1 I 1 I ] -I L1 1 I L1 i1 I L1 11 I 1111 I L1 11 I L 111 I L1 11 I L 11 I-
0 20 40 60 80 100 0 50 100 150 200 250 300 350 400
p_ [GeV/c] p. [GeV/c]
T T
CMS PAS-HIN-14-001 For pPb RpAz]
CMS PAS-HIN-12-004 For PbPb R x<1

Jet suppression observed in PbPb collisions is the final state effect (QGP)
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-
Nuclear modification factor: PbPb vs. pPb

b-Jets Inclusive Jets
pPb ys,, = 5.02 TeV PbPb s, = 2.76 TeV

LI L B L [T T 1 IIIII'IIITIIIIIIIIITIIIIIIIIITIITIIIIIIT

2.5

—*— Inclusive jet Roa (0-5%) Il <2

b-Jet R, ™, -2.4<n_ <1.6

- b-Jet R,,, <2, (0-10%)

L —%=— Inclusivejet R m_I<0.5
i pA  CM

N
| T T T | 1T T 1T ]

1.5

lIIIlIllIIlI

0.5

Nuclear Modification Factor

central PbPb

I B
I

il
L1 1 1 I L1 1

central PbPb

100 200 300 400 0 50 100 150 200 250 300 350 400
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CMS PAS-HIN-14-007

For central PbPb: b-jets show similar suppression to
PRL 113 (2014) 132301 inclusive jets, R,,~0.5
For pPb: inclusive and b-jets are not suppressed, R ,~1

No jet flavor dependence is observed
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Summary

m Medium created in PbPb collisions:

Does not quench control probes (y, W, 2)
Strongly quenches partons, including b-quarks

Causes dijet and photon-jet p; imbalance, but does not modify
their angular correlation

Modifies fragmentation functions of jets (enhancement at low p-)

m Energy lost in the medium redistributed into low p; particles at
large angles (far away from the jet cone)

m Hint of parton flavor dependence of the energy loss at low p,
disappearance at high p+

m No jet quenching for pPb collisions > the effect observed for
PbPb is a final state effect
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SILICON TRACKER
Pixels (100 x 150 um?)
CMS Detector @i

Microstrips (50-100um)

Pixel S ~210m? 9.6M channels
CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
E C A I_ _ 76k scintillating PbWO, crystals
HCAL
Solenoid LRESHOWER
‘ ilicon strips
~16m¢ 137K channels
Muons
CASTOR
STEEL RETURN YOKE CALORIMETER
~13000 lonnes Tungsten +
_______________ . quartz plates
ZERO-DEGREE !
CALORIMETER |
|
: SUPERCONDUCTING
' SOLENOID
| Niobium-titanium coil
: carrying ~18000 A FORWARD
. CALORIMETER
: Steel + quanz fibres
HADRON CALORIMETER (HCAL)
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall length 1 28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field 38T
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Collision centrality

Npart VS b

§ ey, ™
pPb i - S PbPb L

LI L T
Pb-Pb ﬂlld‘ =276 Te\f

part

I T T T T I T T T
p-Pb at s, =5.02 TeV J

% Weak correlation
observed for pPb collisions

100~

= Given N, (N,,,) value
can belong to different b (fm)
multiplicity classes

multiplicity vs. N,

T T

% Large multiplicity omamsmio oz o W Bael maieany
fluctuations observed for = I

pPb collisions introduce
‘bias’

-
-]
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400
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Background subtraction method

O. Kodolova et al., Eur. Phys. J. C50 (2007) 117

m strip

1) Background energy per
tower calculated in strips of

n. Pedestal subtraction. e
. ] . 0.087 (barrel)
2) Jet flndlng algorlthm run on h 2) Run IC5 jet finder on subtracted towe}s
background subtracted ® ‘ .
towers. O

3) Exclude reconstructed jets.
Recalculate the background
energy.

4) Jet algorithm rerun on
background subtracted
towers to obtain final jets

O O

4) Re-run IC5 jet finder on subtracted toyers
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Calorimetric Jets

m ECAL and HCAL used
m ,Traditional”’ jet reconstruction

m Calorimeter Towers
1 HCAL cell ~0.1 (A x An)
25 ECAL crystals ~0.01 (A x An)

m Does not make use of ECAL granularity

m Jet resolution driven by HCAL
~100%/VE(GeV)

m Low p;charged hadrons bent outside jet

Charged
Tracks

Calorimetric jet reconstruction does not take full advantage
of the versatility of CMS
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Isolated high-p; photons

Decay photons from hadrons in jets such as 1%, n=> y vy are largely
suppressed

UE subtracted isolation variables are developed

|/ NLO
i Bremsstrahlung \|

1
! i
! |
s | | :
0.4 | !
02 : y I ' Annihilation | i Fragmentation
o4 - ! | :
i by ‘ ’
02 05 | I I
03 5 ! : l :
0.4 ! !
-0.5 1
| 1
! |

. Compton

040302010 0.1020304 7@ issesaaa,
................
.....................

..........
---------------------------
..............

1 . >
. 5
1 s . .
1 ° . N
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) H .
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. - .
1 . H K
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H same object to ? |
the detector

a

___________________________
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Lifetime Tagging

Jet
Displaced tra

Flight Distance
Lxy

Primary
Vertex

Proff)

tracks

Secondary Vertex
(SV)

- Long B-hadron lifetime (~1.5 ps) 2> decays mm - cm from PV

Lifetime tagging based on
O Reconstructed secondary vertices (SV)
O Impact parameter (IP) of displaced tracks

Jet measurement is identical to inclusive jets
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Collision €NEIrgyV (in the N-N centre of mass system)

\/ \/EBeaml EBeamZ i For

PbPb collisions _ . Ep=7TeV:
Pb-beam energy: Em=—Epy=——-3.5[TeV |=1.38TeV /nucleon |

A 208 3
IS =2-,/(1.38)-(1.38) =2-1.38(TeV |=2.76[TeV] 5.52 TeV
pPb collisions
p-beam energy: Eo=4[TeV]

Z
Pb-beam energy: Em= " Ep= 22 .4 [TeV]=1.58[TeV /nucleon]

A 208 o :
VS :2-\/(4)-(1.58) =5.02[TeV ] 8.8 TeV
Pb 1.58 TeV/nucleon p 4TeV LAB system is different than CM system

- rapidity shift:
@—» < 0
Ay~ Lin[ 2P |21y 821 ) 465
. 2 (| Z,A ) 2 1.208
Ay~-0.465 beam
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Dijet n distribution
For different centrality classes: Mot = Uinnlr.
je 2

Centrality characterized by E; at large ||

e L I
05 - B classes (Gev): pPb, 5.02 TeV - EPJC 74 (2014) 2351
o <20 7
[ o 20-25 ]
0al © 25-30 Fry < ]
o040 . 30-40 N .
gl & [ + >40 - \R ]
Z |=70a0 p. > 120 GeVic ¥/ Vi N .
S 10 O3 1 0 cevier o2 1 For more central collisions:
— = L Tr2 I :':f!@’ \\\"}'—i‘ \ _|
‘Zﬁ 02 Aq:'1,2 >2nl3 g ‘ib —
i i NN 1 ™ ngye distribution shifts towards
0.1 “sx 3  Pb-going side (negative values)
- 4 NEN ]
- s PN
oL ,E_ﬁz. b bid ) Shape ofndijet distribution also
et changes - it gets narrower
aprn q>0
Z
Backward Forward
direction direction
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