CMS. | CMs Experiment at LHC, CERN

\, | Data recorded: Sun Nov 14 19:31:39 2010 CEST
2% \ Run/Event: 151076 / 1328520
W4 Lumi section: 249

Jet 0, pt: 205.1 GeV

Jet 1, pt: 70.0 GeV

Angular distributions of the quenched energy flow
from dijets with different radius parameters in CMS

1 Illl-



Observation

0.15

Event Fraction
o

0.05

I T
e PbPb\s =276TeV

2 f Ldt = 150 ub”

~—— PYTHIA+HYDJET

i‘f'\%k PLB 712 (2012) 176

N :
;\.\1\\ ® ] ° ]
NN e oo% -
NN, F1%
MMM ;
NEATAN SRS SN S

Missi

of Dij

et As

try in PbP

ymme

A i
T =) —Prcos
i

LU B L B (LN L N A (NN BN NN N B (NNL NN B NN NN NNLANNL BN BN BN N ]lll!]llll[lllllllll
- - (d) 4
In-Cone | Out-of-Cone .
CMS 0-30% o P;, > 120GeV/c -y
A " AR=0.
401~ Pb+Pb\s,=2.76 TeV ) p,, >50GeV/c
- [Ldt=6.7ub" 5 .
i J- W Ag, > gt Im, ) <1.6 &
— 20 : .
=t —e
>
@ - }
S o T
A
9’: i ® >0.5GeV/c
o« o 20+ [ 10.5-1.0GeV/c
— i [ 11.0-2.0GeVic
a® i [ 2.0-4.0 GeV/c
a0 40 [ 4.0 - 8.0 GeV/c
Q DD Q / g 4906 B > 8.0 GeV/c
— -1.111111.1 11111111 | I 11111111111111111111‘
0.1 0.2 0.3 0.4 0.1 0.2 A 0.3 0.4
J

(¢ — Ppiet)

* Modification observed of A, in central PobPb
* Where does the momentum go? (Far from the cone)
* To study: characterize missing princrementally in n-¢
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Samples and Selection

anti-k: calorimeter jets (See backup slide 21)

Corrected for efficiency/fake rate
(See backup slides 20,22)
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Analysis: Binning Tracks by A
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Analysis: Binning Tracks by A

e TSubIeading
|Leading
v First bin A
NOT
same as jet
| | cone
First bin A
A = \/(ﬂtrk U]et) + (Perk — cPiet)Z
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Analysis: Binning Tracks by A

S TSubIeading
7 j|Leading
Increasing A ->
v Move away
from leading
and subleading
Second bin A jets
A = \/(ﬂtrk — 77jet)2 + (CPtrk - 4’iet)2
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Analysis: Binning Tracks by A
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Missing Prvs. Awith R = 0.3 (All Ay)

A, Incluswe anti-k, R =0.3 p,,>120;p_,>50 GeV
166Mb (276TeV) |Y|||T]|<O6 A(i) >5J‘E/6

;TSubIeading

Leading

Last bin A
catch-all

-803000
m, <24 0.5 1 1.5 0.5 1 1.5

 Asymmetry is balanced in central PbPb by low
pt particles through large angles

* Characterized finely in A increments of 0.2
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Multiple R Missing Ptvs. A
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Zoom on pp and PbPb Distributions (I)
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Zoom on pp and PbPb Distributions (Il

)
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* Subleading sidg peak shiftsAoutward Ig ﬁfrom O.2->(A).5
* Third jet possible position pushed out with R increase
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pp and PbPb Cumulative Curves (|
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* Curve difference between PbPb and pp primarily in first bin A
 Forall R, curves very similar between PbPb and pp with A> 0.2

« Total missing pt variation with R parameter in pp matched by
PbPb

* Constituent composition of missing pr differs between
systems
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Difference of PbPb and pp (|
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Difference of PbPb and pp (ll)
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* High pt change In first bin A from R=0.2->0.5 within systematic
* Low pr excess increases in both magnitude and angle with
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Summary and the Future

C}:

) [GeV]

P

* Missing pr finely characterized through large angles A

» Different dijet configurations were sampled by R variation
« Cumulative curves similar to first order for all jet R

* Modification primarily of constituents carrying momentum
* |ncreased statistics of Run2 -> precise mapping for models
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Impact of Tracking Cuts on Missing Pt
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Jet Reconstruction with HF/Voronoi Algorithm

CMS-HIN-14-010-PAS

L] I L] L]
1£ Minimum bias Calo R=0.3 ‘/SNN =276 TeV
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Random cone E; after UE subtraction (GeV)

« UE at mid-n mapped by energy deposition at forward-n
« Equalization removes negative energy towers
» Shifted from surrounding positive energy towers

* An energy correction based on fragmentation is applied
to minimize bias from non-linear calorimeter response

* Applied to pp and PbPb
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Track Reconstructlon and Correction
CMS-HIN-14-010-PAS BN I—genl particle £ -
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» Correct for efficiency/fake rate (+ secondary/multiple reco. in pp)

 |terative tracking corrections in pr, @, n, centrality, and minimum
jet distance
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Summary of Systematics R =0.2/0.4/0.5

R=0.2 R =04 R =05

A <02 0220 | <02 0220|<02 0.2-20

Jet reconstruction 1 0.1-04 1 0.1-0.5 1 0.1-0.7
Data/MC differences for JES 2 0.1-0.5 2 0.1-0.4 2 0.1-0.3
Fragmentation dependent JES 1 0104 1 01-03 1  0.1-03
Track corrections 2 0.2-0.7 2 0.1-1.1 2 0.1-1.1

Data/MC differences for tracking 1 0.1-0.2 1 0.1 1 0.1
Total 3 0.2-0.9 3 0.3-1.1 3 0.2-1.1
N
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Event Fraction

3rd Jet Posmon |n Gen PYTHIA

Gen PYTHIA+R 0 2 f
p >30GeV/c = R=0.3 -
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Gen. PYTHIA Jet Shapes
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Missing Prvs. Awith R =

5
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Missing Ptvs. Awith R=0.3 (Ay > 0.22)

A,>0.22 anti-k, R =0.3 p.,>120;p_ >50GeV
5.3 pb™ (2.76 TeV 166 ub™ 2.76 TeV |n||n|<06A¢ >5n:/6
CMS-HIN-14-010-PUB CN‘I’S( ) U5 )

(Increase)

-4080
B 8.0-300.0

Intrkl <24

* Low prparticles enhanced by cut on A;> 0.22
« Cumulative curves track despite scale change
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Missing Ptvs. Aywith R =0.3
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Multiple R Missing Prvs. A (Ay > 0.22)

CMS A >0.22 anti-k, Jet; 0-30% Pr >120 Py >50 GeV InIInI<06 Aq> >5n/6
AJ > (0.22 <‘°T>"kA[GeV] 90510 (71,020 E204o -4080 B 8.0:300.0 1, '<24

ppR '0.3 ppR '0.4 ppR 105

PP

WS CMS-HIN-
SSYSWNE I 1 /-0 10-PUB

PbPb R =0.5

PbPb__,
(0-30%)

’ & PoPb (pT>
el @7eTey) - = _Pbpb< >[0A] -
10F~  PbPb - pp R = 02':""'|5b'F>'b'-'br3Héb'.é' oo ppR04 T PP ppR 05 ]

PbPb - pp—~




Multiple R Missing Prvs. A (Ay > 0.22)

CMS
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Multiple R Missing Ptvs. A,

CMS
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dN/dpr for all R

5.3 pb™ (2.76 TeV) 166 ub'1 (2.76 TeV)
L oo T L ! LR LY ! ! !
-  CMS :3302 s Py >1ZOGeV }} Inl Inl<06 }
= My ] p,,>50GeV |y A} >5u6
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< > = —cltk wsltk o c0s (
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» Potential R dependence in low prt contribution (0.5-1.0 GeV)

« R=0.2-> R = 0.5 difference slightly greater than summed
statistical and systematic error
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