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Motivation
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« Measurement of missing p; differential in AR

« What is the angular shape, p; composition and
multiplicity of the balancing spectrum?
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Datasets and event selection

DATA
pp PbPb « Dijet selection:

. 2.76TeV . 2.76TeV ~ pr,>120 GeVic
« 53pbt! « 150 bt — Ppr,>50GeVic
«  High p; trigger «  High p; trigger ~ Inaf. In2f < 1.6 (0.5)

— Ajetwithp;>80GeVic  — Ajetwith p; >80 GeVic — Ag>5n/ §
- Track reconstruction: = Track reconstruction: * Charged particles:

— 7 iterations, — 3 iterations, — pr >0.5GeVic

pr > 0.2 GeV/c pr > 0.4 GeV/c - In[<24

« Jet reconstruction « Jet reconstruction

— Anti-k; Calo R=0.3 — Anti-k; Calo R=0.3 Yue Shi Lai

— HF/Voronoi subtraction Poster Session

MC Yesterday

 PYTHIA simulation with same reconstruction as pp data.

« PYTHIA sample embedded into a HYDJET background with heavy ion
reconstruction as in PbPb data.
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Performance of HF/VVoronol UE subtraction

Sum of E; of UE subtracted calo towers that fall in R=0.3 in random directions in MB
events:

7 Minimum bias Calo R=0.3 ,, Vs =276 TeV 1 ]
50-100 % I HF/Voronoi 30-50 % | ml<2 10-30 % I CMS Preliminary 0-10% |

1 » 1 |
'y =07 GeV "% 0=20GeVE Good

-
T

3

\
T
<
o
—
m
_|

<
<
(R
o

agreement
between data
and MC

3

T

%
300
35
355
ole?

S

%
305
G50
SRS
0R5
o
.:.01

Event fraction

10°

o

KX
AL
R
X
joseset
L5

oV
<5
55
255
Petele
Se%e%
2%
2L
Rogels

&

107 ¢

=
%
Padele
0
S

:’0:
::::
o

|5
25

-20 20 -20 0 20 20 0 20
Random cone E; after UE subtraction (GeV)

: CMS-PAS-HIN-14-010
Mean random cone E; as a function of n:

2\\|\‘\||\||\|\\II\I\IIl\II\lI\II\\I\I\Ill\\l\‘l\llI\I\“I\\II\III\\\I\II_

[ Minimum bias 1 CaloR=0.3 1 Sy = 2.76 TeV
|« PbPb 50-100 % | HF/Voronoi 30-50 % | 10-30 % | CMS Preliminary ~ 0-10 %
7 HYDJET T 1 i

I Deviation
I 1 & g ¢ 2 ’ "B + ¢ i 777777777777 7 from Zero
A 1 I T I i : + ;' <0.5-1GeV

}a""""'"-'"s'"&'"g"'."'i”'?'".{}'i """"""" g"'a"'t"'E"'U"'D """"" .';; """"""""" D"'a"'%"'s"'g""‘j """""" ;; """"""""""" ‘**?

<Random cone E;> (GeV)
o

_ziwwlw\\||\||\|\|\||\”|\|||\||\||\|||\\|\”|\|||\\I\‘|\||||\|\”|\\|||\||‘|\\\||\||7

-1 0 1 -1 0 1 -1 0 1 -1 0 1 2
n n n n

Doga Gulhan 4 Quark Matter 2014, Darmstadt «f,;;k

T




Track corrections

CMS-PAS-HIN-14-010

 Tracks are corrected for 10_‘1 T en, particle posen,
reconstruction efficiency, fake rate - 102 reco trk
(both in pp and PbPb) and secondary % 1o° :
particles (in pp). 2 10°
=107
g 10° :
« After the corrections reconstructed 10" EI?’IH'T(THYDJET F"?H"’I‘( ,
track distributions agree with Jl - PR o - VUV
generator-level charged particle I |
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Multiplicity difference

Hemisphere 2

Hemisphere 1
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Direction of the dijet is defined as:

Paijet =72(P1 + (TT-9,))
Different than in PRC 84 (2011) 024906 where
the axis of projection is the leading jet
direction

This change provides UE cancellation
differential in AR

What is the multiplicity of particles that
balance the “extra” lost p;?

Number of Number of
charged charged
particles in particles in
hemisphere 2 hemisphere 1
Subleading jet Leading jet
6 Quark Matter 2014, Darmstadt %%t?
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Results - Multiplicity difference vs. A,

CMS-PAS-HIN-14-010
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« Multiplicity difference (in acceptance) increases as a function of A,

 The increase is larger in PbPb

« The enhancement in PbPb compared to pp increases with centrality
— Large A,;, 0-10% = 15 extra particles
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What is the multiplicity and spectrum of
particles that balance the “extra” lost p;?

Calculate the missing p; for charged
particles in different p; ranges

94 = Z — Pt cos (¢ — Ppijet)

72(@q + (TT-0,))
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Results - Missing p;Vs. A;

CMS-PAS-HIN-14-010
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« Access to high p; particles increases as a function of A,
 Inpp —» Balanced by 2-8 GeV/c particles
* In PbPb —— Balanced by particles with p; <2 GeV/c
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Missing p;Vvs. AR

What is the angular distribution of these
particles with respect to the dijet system?

Calculate the missing p; for charged
particles that fall in slices of AR

34 — (Z —pTCos (¢ — @dijet)) |Rdnwn-::ﬁR-::RuP

1

AR = \/A(P"zfrk,jet + Arl"%rk,jet
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esults - Missing p+Vvs. AR

CMS-PAS-HIN-14-010
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PbPb-pp

1.5
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AR v

Balanced by low p; particles
in subleading jet direction

Extends upto large AR
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Results - Missing p+vs. AR

CMS-PAS-HIN-14-010
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Results - Missing p+vs. AR
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Results - I\/Ilssmg P VS. AN
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Results - Missing p+vs. AR
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Results - Missing P VS. AN
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The dijet in-cone momentum imbalance is compensated by:
— PDbPb: Low p; charged patrticles(0.5-2 GeV/c)
— pp: Particles in the p; = 2-8 GeV/c range

A larger multiplicity of associated particles is seen in PbPb compared to pp.

Small AR imbalance is balanced by low p; particles in large AR. The excess
of low p; particles goes up to AR=1.8.

The angular shape of the balancing distribution agrees in PbPb and pp
within systematic uncertainties, but the composition in p+ is different.

| P
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BACK-UP
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Projection axis choice

Leading jet axis

- PYTHIA+HYDJET CMS Simulation
L Background only particles

Projection axis: Lead jet ¢
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Doga Gulhan

AR
Ag,, #m = Projection of p; of
charged particles in small AR near
subleading jet is smaller than those
near leading jet

19
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Track corrections
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Jet p; scale and resolution comparison
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Generator level MC results
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* One can observe non-zero total missing p; in generator level PYTHIA.
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Reconstructed MC results
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The reconstruction effects are slightly different for PYTHIA and

PYTHIA+HYDJET, because of the different jet and track reconstruction
used.
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Generator-level overall missing p;
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Missing p+ in truth level
PYTHIA:

for all charged particles with
pr > 0.5 GeV/c within |n|<2.4

for all charged particles with
pr > 0.5 GeV/c without
In|<2.4 selection

for all charged particles
without p; > 0.5 GeV/c
selection within |n|<2.4
selection

For all charged particles
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Summary of systematics (1)

Multiplicity difference v. A,

JES, JER, fake jets,

swapping of lead €«———

sublead jet

Missing p; V. A;

Nonclosure in track —

correction

Doga Gulhan

Pp PbPb PbPb PbPb PbPb
50 —100% | 30 —50% | 10 —30% | 00— 10%
Jet reco and selection 0.8 0.8 1.0 25 3.0
Track reco. 0.5 0.5-1.0 0.5-1.0 1.0 1.0
Residual JES 0.5 0.5 0.5 0.8 1.0
Residual track corr. | 02-0.7 | 0.1-07 01—-10 | 01-12 [0D1-15
Event selection < 0.1 < 0.1 < 0.1 < 0.1 =< 0.1
HCAL noise < 0.1 < 0.1 < 0.1 =< 0.1 =< 0.1
Pile-up <0.2 - - - -

| Total Systematics

[11-15] 1.1—-13 [12-17 | 28-3.0 | 33—35 |

PP PbPb PbPb PbPb PbPb
(GeV/c) | 50— 100% | 30 —50% | 10 —30% | 0— 10%
(GeV/c) (GeV/c) | (GeV/c) | (GeV/c)
Jet reco. 2-—-5 3—-4 3-5 2-3 214
= Track reco. 05-2 1—-4 2-4 1-3 1-3
Total reco. 21—-54| 41-57 | 36—64 | 22—-42 | 22-50
Residual JES 0.5 1.0 0.5 0.5 0.5
Residual tracking corr. 0.2 0.5 0.5 0.4 0.6

Total Systematics

|22-55]| 43-58 | 37-65

2443 | 2451 |

Quark Matter 2014, Darmstadt
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Missing py
v. AR for pp

Missing p+
v. AR for
PbPb

Missing p+
v. AR for
PbPb-pp

Summary of systematics (2)

pp GeV/c)
AR <02 0.2—-0.8(12) =0.8(1.2)
Ay All | <022 | >022 [ All | <022 | =022 | All | <0.22 | > 022
Jet reco. 4 5 10 0.5 1 15 (03| 05 1
Track reco. 1 1 1 0 0 0 0 0 0
Residual JES 0.5 1 25 01 | <01 02 0 0 0.1
Residual track corr. | 0.5 0.5 15 0.2 0.1 02 0 0 <01
Pile-up 0.1 0.2 0.5 0 0.1 02 0 0 0
[Total [41] 52 | 104 [05] 10 | 15 [02] 05 | 10 |
PP (GeV /)
AR <0.5(1.2) 02-08(1.2) =(.8({1.2)
Ay All | <022 | =022 All | <022 | >022] All | <022]| >022
Jet reco. 5 5 10 1 0.5 2 0.3 0.3 1
Track reco. 15 1 3 0.2 0.2 0.5 0.2 0.2 0.5
Residual JES 0.5 1 2 <01 0.2 0.5 =01 | 02 0.2
Fesidual track corr. | 0.8 0.5 15 0.2 0.1 0.2 0 0 =01
Total 5.3 5.2 10.8 10 0.6 21 0.4 04 11
PbPb - pp (GeV /c)
AR <(.2 0.2-08(1L2) =0.8(1.2)
A All | <022 | >022 | All | <022 |>022| All | <022 >022
Jet reco. 2 15 2 07 0.5 1L 0.3 0.3 0.5
Track reco. 1. 1 15 0.3 0.2 04 0.2 0.2 0.5
Total reco. 22| 18 | 25 | 08 | 07 1 | 04| 04 | 07 =— Uncor_rela_ted
Fesidual JES 02| 03 0.3 0.1 0.2 03 | <01 0.1 0.2 combination
Fesidual track corr. | 0.4 | (0.2 04 | <01 | <01 <01 | <01 | <01 <01
Pile-up 01 0.2 0.5 0 0.1 0.2 0 0 0
[Total [22] 18 | 25 [ 08 | 07 | 11 | 04 | 04 | 07 |

Doga Gulhan
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Motivation

pp collisions Compare pp and PbPb to PbPb collisions
constrain the energy loss
P> mechanisms responsible of @,
the enhancement of fraction A
of large A; events in PbPb. =7 T

What is the spectrum What is the
and multiplicity of angular
particles that balance distribution of
the “extra” lost p; by these particles
subleading jet with respect to the
compared to leading dijet system?
jet?
Q, 1

s, P
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Multiplicity difference

0, What is the multiplicity and spectrum of
particles that balance the “extra” lost p;?

Paijet =72(P; + (TT-9,))
At = N [APgiier i > T1/2] - Ny O [AQ e ric < T1/2]

Hemisphere 2

Hemisphere 1 _ Number of Number of
- charged charged
particles in particles in
hemisphere 2 hemispfere 1
Near Near
Subleading jet Leading jet

CMs, S
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Results - Multiplicity difference vs. Apt, 5

CMS-PAS-HIN-14-010

Hemisphere

« Similar trend as a function of leading and subleading jet p; difference

CMS,
é Doga Gulhan

—+— PbPb 150 b
= pps3 b .
—— PYTHIA+HYDJETZ

———————— PYTHIA
50-100 %

y 8 =2.76 TeV

=3}

CMS Preliminary

0-10 %

anti-k, Calo R=0.3

p:" > 0.5 GeVic

??
B

p,, > 120 GeVic ¥
p. > 50 GeV/c =
T2 I
Ay > 5n/6 T
- hlhi<1s E
: @ e $
L m Eﬁ I
o Eﬂ T
L TR T NN R Y N S R
50 100
A P 1 (GeV/c)

50

A P11, (GeV/c)

Apri, = Pri—Pro

S
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Results - Missing p+vs. AR

CMS-PAS-HIN-14-010

M. |<0.50, Ao, >57/6
anti-k; Calo R=0.3
A;>022,n |<2.4 A

p™ (GeVic):
05-1.0[2.0-4.0

[ ]1.0-20[4.0-8.0
+ >0.5

)
S
o
Qo

" pp 5.3pb’ PbPb 150 ub™ |7 PbPb s =2.76 TeV.
CMS Preliminary 30-100 % 0-30 % ]
o i
-20 o PP 7 __pp cumulative
+ PbPb
o PbPb-pp — PbPb cumulative
A e T T T T R
" PbPb- PbPb-
p,>120, p_>50 GeV/c or PP PP ]

[ 30-100 %

1 pr< 2 GeV/c

pr>2 GeVl/c

Wso-3000 1%

AR

AR

« Large A, selection enhances the fraction of subleading jets with significant

energy loss.

MS, /i
é Doga Gulhan
|
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Results - Missing p+vs. AR

(> 022

T T T T | T T T T I T T T T I T T
L FbFb Syn—=2.76 TeV 150 ub’
. 0-30 % CMS Preliminary

‘__,'&I—Eﬂ i ]
5 0 ,
==
D
2
V120
i|.,|<0.50, A > 0.22
I, |<2.4, A}, >5m/6 i
pT‘1>'12D, pT‘2>50 GeVic T
C e e | Enhancement of
low p; particles
= 0
>
b
S
V5 pr*(Gevic): _
[Hos-10 [2.0-40 A
1 [J1.0-20 EM40-80 ]
Larger imbalance Co Bes -8|-0-300-0_
in PbPb 0 0.5 1 15 2
AR

Eins, P
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CMS,
é Doga Gulhan
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Results - Missing p+vs. AR

T T T T | T T T T I T T T T I T T
L FbFb Syn—=2.76 TeV 150 ub’
. 0-30 % CMS Preliminary

- FEZI—Eﬁm._E_'m

1 =

(> 022

|111|,h'|2|{0.50, A >0.22
In,, |<2.4. a¢1l2>5nf6

P, 1=*'12D, P, 2}50 GeVic
] | ’ I 1 ] - ] ] I ] ] ]

} T | : I : I I T T T I T T T :
PbPb-pp

_'é)_:_l"_qtj_l_'_i'

@) 0
>
Q
Q
A
= .
V5 pr*(Gevic): _
[Jos-10 []20-40 T
[ [10-20 HM40-80 ]
0 >0.5 Bl 5.0-3000 |
1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2
AR
32
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In-cone missing p;

A0k - pp 5.3 pb™ _i PbPb 150 b1 I PbPb ]
[ CMS Preliminary 1 30-100% 1 0-30%
g 20-_ .=-=-_:_ |===|:::___ —
.
e
v=20c 5 pp
_40C* PbPb nd .
L o PbPb - pp f-\ —276TeV fInConeAR<08
T R e RRARARE HHH
0 ptﬂ-gwi-j 4)0'3 04 Ipppp - pp L' PbPb - pp :
T ' 40:30-100% 10-30% ]

[Hos5-10 &t i 1
[J10-20 3 |

[120-40 5 O
Bl40-80 S _:

Il 8.0 - 300.0 4 p, >120 GeVic i, In<1.6 _
+ >05 p >50 GeV/c A¢1,2>5ﬂ/6
0002 03 0d T b b 03 hd
A, A,

ems P
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Out-of-cone missing p-

 pp 5.3 pb” I PoPb
@40:_pC'I3VIS PFr)eIiminary ; 30 100% 1 0-30% ]
> 20F I 2 :
3 I
AL
= B
v=20F
_40: « PbPb ks ;
F o Pbe PP T \Suy = 2 76 TeV Out-of-Cone, 0.8 <AR
: e EEE R R e e ARy
0" 0102 03704 ey g PoPb - pp |
T | __40130-100% 0-30% 1
- o :
[]o5-1.0 S 2of __
[ ]1.0-20 3
[J20-40 5 O _
Bl40-80 Sl :
B 8.0 - 300.0 40:_pm>120 GeVlc |-n|1,|-n|2<1 .6 _:
+ >05 ! pT2>50 GeV/c Ad, 2>5n/6 .

CMS,
é Doga Gulhan
|

I PbPb 150 b1

A,
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