v Vrije Universiteit Brussel

H
]
g
i
24

Measurements of the inclusive top quark pair
production cross section in pp collisions at 7 and 8 TeV

with CMS

Michael Maes
On behalf of the CMS Collaboration

Interuniversity Institute for High Energies - Vrije Universiteit Brussel

EPS HEP 2013, Stockholm - 18-24 July 2013

Michael Maes (IIHE - VUB) 18/07,/2013 1/14



Introduction

» Top quark is the heaviest particle in
the Standard Model
» The question is: does it behave like
the SM predicts?
» o is a test of the Standard Model
» Test of perturbative QCD
» Important for BSM searches
» tt is a background to many BSM
models e.g SUSY

» This presentation will show the
latest results from CMS on the
inclusive top quark cross section.
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Top quark pair production at the LHC

Production
> At the LHC dominant tt production mode is through gluon fusion
> |th| ~1

> Cross section calculations now reach NNLO+NNLL precision
(Czakon et. al. arxiv:1303.6254)

of®Y = 172.0pb ‘ +2:6 (scale) & 2.7(PDF) 4 1.7(as)%

%V — 245.8pb ‘ +25 (scale) + 2.5(PDF) + 1.6(cxs)%

P Results on single top production: see A. lorio’s talk
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Object reconstruction

Er=44GeV/c,p = 1.8

€l (GMS Experiment at LHG, CERN
Data recorded: Sun Jul 18 17:44:17 2010 CEST
Run/Event. 140385 ] 90009543
Lumi secton: 101
OrbUCrossing: 26434904 101

p.=61 GeV/c,

b-tagged Jet
Ppe= 68 GeV/c,
n=-17,¢=22

Electron p.= 41 GeV/c
n=04,¢=-22

pe=73GeV/c,n ="

b-tagged Jet
pe= 109 GeV/c,n = -0.6, ¢ =-1.7
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Event is reconstructed using the
ParticleFlow reconstruction

Jets are clustered using the akb
algorithm

Jet energy scale corrections are
applied

Et is calibrated for JES
Leptons are reconstructed using

ParticleFlow and have a particle
based isolation definition
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Measurement of 0,7 /s = 7TeV

Cross section in e/u+jets channel (arXiv:1212.6682)

£=23(u)22(e) b
|0 = 158.1 + 2.1(stat.) + 10.2(syst.) + 3.5(Jum.)pb ~ 6.9%|

* data [T WsingleTop [ W+biets
W Weciets [ |WelF-jets  [lZeiets [laco .
R sl /ot selection

> Single lepton trigger (1, e—£ < 0.9/b~ ")
Eletron+multijet trigger (e—£ > 0.9/ 1)

" 1 isolated lepton pr > 35GeV |n| <2.1(2.5) for p(e)
> 4 jets with pr > 35GeV |n| <2.4, > 1 b-tagged jet
> Er >20 GeV

1Jet 1 Tag
2 Jets 1 Tag
3 Jets 1 Tag
4 Jots 1 Tag
5 Jets 1 Tag

Events/0.5 GeV

50 50 50 50 5
Secondary Vertex Mass (GeV)

P Profile likelihood fit on #jets (1-4,>5), #b-tags (1,2) and
secondary vertex mass

P Nuisance parameters: Jet Energy Scale (2.4%), b-tagging (2.1%)
and W+ Jets @*-scale (1.6%)

P Data-driven multijet background

CMS \5=7TeV 2.3 15" of Muon Data

2 Jets 2 Tags
3 Jets 2 Tags
4 Jets 2 Tags
5 Jets 2 Tags

Events/0.5 GeV'

5o 0 s
Secondary Vertex Mass (GeV)
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Measurement of 0,7 v/ Y

Cross section in 7+jets channel (arXiv:1301.5755)

L£=39 1 ‘ o = 152.0 £ 12.0(stat.) & 32.0(syst.) & 3.0(/lum.)pb ~ 22.6%

CM&Vs<7 TaW, 390"
Event selection

" r+multijets trigger, 1 isolated hadronic T
pr > 45GeV |n| < 2.3, Bt >20 GeV

" > 3 jets with pr > 45GeV |n| <2.3, 4th jet
pr > 20GeV, > 1 b-tagged jet (medium WP)

* Data
() st syst uncenainty
-t
- sngo op
WIZ + jets

Events/ 0.1

und

. backgro
N multijet

15

g i i i f
g‘]”.,,...'. spatboppg e p b ll
of A S
1

gl o5 ¥ 5

Method i
CMSE=7 TV, 3.0 15 | T o Data

5
‘g ] stat.ssyst. uncentainty
. .. . T 40— 1§ =
> Neural network to discriminate signal from 3 e,
background E

P> o, — template fit on Dyy

> Data-driven Multijet background (90% of total
bkg)

> Main systematics: JES (11%), trigger (7%), T H
ID (9%), &1 (7%) 8

75 = =0 = = o
M, (GeV), D, >05
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Measurement of 0,7 /s = 7TeV

Cross section in the dilepton channel (arXiv:1208.2671)

£ =231 |0z =161.9+ 25(stat.) 3L (syst.) = 3.6(lum.)pb ~ *42%

dilepton trigger, 2 isolated leptons pr > 20GeV |n| < 2.1(2.5) for muons (electrons)
21 >40 GeV (pTp~ /ete™)

Reject 76 < My < 106 for upu~ /ete™

> 2 jets with pr > 30GeV |n| <2.5

OMS 23" anE=7Tev Background estimation
%2200 eel’ uu\’ eu\ T T T T T T

vyvyyy

'Ezooc: * Daa E

5123* Eov E P Very small background levels — Most precise
ook ='VV:'I E oy result at \/s=7TeV
:x: [ ron-promp lepton > Pr_ofile Likelihood Ratio fit on (Njets, Npjets) with
o M i signa E nuisance parameters

> Data-driven estimation of DY+jets background

2‘*; P Data-driven estimation from non-prompt leptons
i i background
+ t s . .
- s s S P Main systematics: JES (1.8%), Lepton eff
20) 27 22 (80 @1 (B2 ((33) (24.0) (24.1) (24.2)

(1.7%), W branching fraction (1.7%)

ots” biets’
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Measurement of o,z

Cross section in dilepton decays with 7 (arXiv:1203.6810)

£=20(u)22(e) o
|0 = 143.0 £ 14.0(stat.)  22(syst.) + 3.0(Jum.)pb ~ 18.4% |

tt — WHEbW=b — (Iv))(mhv-)bb (I = e, i) »

T T
™S =T RV.20M ~ data

miss

Single muon trigger OR Electron-dijet+H7"* trigger

1 isolated lepton pr > 35(30)GeV |n| < 2.5(2.1) for e(yu)

1 isolated 7, pr > 20GeV |n| < 2.4
I:l:

Events/ (20 GoVic’)

7T — opposite charge sign
H1 >45(40) GeV e(p)

> 2 jets with pr >35(30) GeV e(u), 1 jet pr >20 GeV 20
> 1 b-tagged jet

> Template fit on myo, (extracted with KinB method)

00 00
M, (Govic’)

VVVYyVYVYY

T T T
CMS 7 TeV. 22 10" = data

[] ov+Dibosen E

- Total uncert.

Events / {20 Geic’)

> Data-driven T-fake background estimation

> Main systematics: Background estimation(10.8%), = ID
(6.3%), b-tagging (5.3%), JES (5.8%)

00 500 =)
M, [GeVic?)
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Measurement of 0,7 v/ V

Cross section in the hadronic channel (arXiv:1302.0508)

£ =354 b1 | o = 139.0 + 10.0(stat.) = 26.0(syst.) = 3.0(Jum.)pb ~ 20.2% |

= selection

> multijet trigger, > 6 jets pr > 60/60/60/60/50/40 GeV

> 2 tight b-tagged jets
Jet combination

CMS, 354 fb'at \s=7TeV

P Kinematic fit to all jet combinations

';;3507 * CMS data: 3136 events
] ——- tf component > my = 80.4GeV, my == my
2300 o i . . .
= multjet background > b-tagged jets taken as b-jet candidates
22501 —— fitto ff and multijet
é
200
150 Method
o P Unbinned maximum likelihood fit to my,
<F R P Data-driven estimate of dominant multijet
LT R T background

m, (GeV/c?)
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Measurement of 0,7 /5 = V

Cross section measurements at /s = 7TeV

CMS Preliminary,\'s = 7 TeV.

» Most tt decay modes have been

CMS elu+iets - 158+ 210+ 4 !
g e R used to measure the cross section
CMS dilepton (eyuon) 1622 22 5= 4 » Highest precision reached in the

JHEP 11 (2012) 067 (L=2.3/fb) (val. = stat. = syst. = lumi.)

di-lepton channel

o
CMS all-hadronic 1391026+ 3 .
arXiv:1302.0508 (L=3.5/fb) (val.x stat. = syst. = lumi) > A” results are consistent
oMS diepton (ery) B 14321422223 » Results are in agreement with
(PCLB:;;:)V,DSS{Z‘“Z)11ZOG7 (val. = stat. = syst. = lumi.) NNLO+NNLL predictions
CMS t+jets © 152+£12+32+ 3

arXiv:1301.5755 (L=3.9/fb) (val. = stat. = syst. = lumi.)

[[] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

[ Jnoaco
| L L | |
0 50 100 150 200 250 300

a(tt) (pb)
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Measurement of 0,7 /s = 8TeV

Cross section in the e/u+jets channel (PAS-TOP-12-006)
£=28(27) b1 p(e)
o = 228.4 £ 9.0(stat.) 320 (syst.) = 10.0(Jum.)pb ~T133 %

28" at (s=8TeV
T

CMS Preliminary
T

37 ‘ T selectio

o ——Data

S 600 B B

= tt o 5

.gsoo— [ " lepton+multijet trigger

i 4000 Fit ot =019 " 1 isolated lepton pr > 26(30)GeV

|n| < 2.1(2.5) for muons (electrons)
> 4 jets with pr > 45/45/35/35GeV |n| <2.5

" b-jet candidate from the leptonic decay leg is

required to be b-tagged
% 50 100 150 200 250 300 350 400 450 50C

M, (GeV)
CMS Preliminary 27fb"at s=8TeV
T R Method
% 400 - ® bl . . . . .
‘5 [ Beckground > Binned maximum likelihood fit on M),
LU 301 Fit y2/ndf = 0.25

P Signal and background templates taken from
simulation

»  Simultaneous measurement of ¢

> Main systematics: JES (5%), b-tagging (8%), tt
modelling (2-6%)

00 50 100 150200 250 300 350 400 450 50C
'eb.
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Measurement of 0,7 /s = 8TeV

Cross section in the dilepton channel (PAS-TOP-12-007)

L =241 og = 227.0 +3.0(stat.) + 11.0(syst.) + 10.0(Jum.)pb ~ 6.7%|

Event selection

" dilepton trigger, 2 isolated leptons pr > 20GeV |n| < 2.4(2.5) for muons (electrons)
Bt >40 GeV (utp JeteT)

> Reject 76 < My < 106 for = /ete™, My > 20GeV

P > 2 jets with pr > 30GeV |n| <2.5, > 1 b-tagged jet

Events

T T T =]
1400— cMmS preliminary edata - M h d
ee, uyt channels :w - IMt=enn 3 et (o)
12002410 pb”, 5=8TeV  Wiw E

0 Non WiZ leptons

100! P B i signal

P Counting analysis
P Data-driven estimation of DY+jets

P Data-driven backgrounds from non-prompt
leptons extrapolated from 7TeV

> Main systematics: JES O(3%), Trigger/Lepton
effs O(2%)

2 3

2 16

g 14

g o Bt g

2

W o8 B :

2 06

o 50 100 150 200
M(GeV)
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Measurement of o,z /5 = 8TeV

Cross section measurements at /s = 8TeV

CMS Preliminary,\'s = 8 TeV

= » Most tt decay modes have been
OMSprel. (efusiets) || 2282922 210pb used to measure the cross section
TOP-12-006 (L=2.8/fb) (val. = stat. syst < i)

» Highest precision reached in the

1 di-lepton channel
CMS prel. (ee,up,en) 227+ 3+11=10pb .
Top-2007 (adty s » All results are consistent

Results are in agreement with

CMS prel. combined <] 227+ 3x1110pb NNLO-+NNLL predictions

() NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254 (2013)
‘Approx. NNLO+NNLL QCD, Kidonakis, arXiv1205 3453 (2012)
() Approx. NNLO+NNLL QCD, Cacciari et a., arXiv:1111.5860 (2011)
1 Approx. NNLO+NNLL GCD, Langenield e ., PRD 80 (2009) 054009 (Scale ® PDF uncerainty)
[0 Approx. NNLONNLL QCD, Langerield et al. PRD 0 (2008) 054008 (Scale unceraity)

| | |
0 100 200 300 400

a(tt) (pb)
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Conclusion

Conclusion

>
>
>
>
>

The tt cross section has been measured at /s = 7 and 8TeV

Good agreement has been found with NNLO+NNLL predictions

At /s = 7TeV most decay modes have been studies yield consistent results
Preliminary results have been obtained at 8TeV in |+jets and di-lepton

Large 8TeV dataset provides the possibility to do high-precision cross section
measurements

v

Publication of 8TeV cross section results in the pipeline
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