Top pair cross-section

in dilepton channel with CMS
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b-tagged jet
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7 TeV Analysis
- ee-ep-py channels @ 2.3 fbt = (IPHC
* ut channel @ 1.1 fb!
* ut-eT channels @ 2.2 fb
« CMS combination @ 0.8-1.1 fb-!
« LHC combination @ 0.7-1.1 fb"!

8 TeV Analysis

« ee-ell-yy channels @ 2.3 fb'1i> |P“C
« CMS combination @ 2.3 fb!



dilepton channels : e/p

Event Selection

Jets :
Anti-KT - R=0.5 - Particle Flow

22 jets with p.>30 GeV and |n|<2.5!

B-tagging:

=21b-tagged jets

lgo: Combined Secondary Vertex

MET:
JEC applied

MET > 40 GeV (ee, up)

=1
1

Muon:
Global muon isolated
p,>20 GeV and |n|<2.5

Electron :
GsfElectron isolated
p.>20 GeV and |n|<2.5

Dilepton :
2 opposite sign leptons
m >20 GeV

Im,-m_|> 15 GeV (ee, p)

all-hadronic

er Ut 1T T+ jets

eupu uT| M +jets
eeep er

Channels B.R. +T

ee 1.23% 1.66 %

MM 1.23% 1.66 %

e 246 % 3.32%
"\ Total BR ~6.6 %

()

Dilepton Trigger :

E_(electrons) > 8-17 GeV

p.(muons) > 7-17 GeV

~

/




o(tt) in dilepton channel (e/p) @

Event yields and data/MC comparison

Many measurements since the begining of data-takina :
14.2% o=

Luminosity = 36 pb™ |168 :I:iS(stat) + 14(syst) :I:7(lum)! pb 108 % < TOP-10-005
. o — — S

— =

=

-

=

Luminosity = 1.1 o™} 169.9 + 3.9 (stat.) £ 16.3 (syst.) £7.6 (lumi.)pb| =  TOP-11-005 &

Lummosﬂg;Z.B fb1/ 'JHEP 11 (2012) 065~ Used for the combinations
| %ﬂ(arXiv:1208.267]§ <= Focus on the latest result



http://arxiv.org/abs/1208.2671

o(tt) in dilepton channel (e/p) @

Event yields and data/MC comparison
Many measurements since the begining of data-taking :

- ‘142‘7\ > —

Luminosity = 36 pb™ [168 + 18(stat) + 14(syst) £7(lum) pb 10 80 % ig TOP-10-005 ==

Luminosity = 1.1 b7} 169.9 + 3.9 (stat.) £16.3 (syst.) £7.6 (lumi)pb| =  TOP-11-005 =
= — 1 o Used for the combinations

Luminosity =23 1" F1Ep 11 (2012) 0655
3 (arXiv:1208. 2671} <= Focus on the latest result

=

T——— -

Dilepton is a very clean channel Good modelisation of the signal

CMS 2.3 fb’ at-JE 7 Tev
. LT = A A Tl il i L S
’ (b) = 1b;ta_gged jet L E 35{);— eu ;i E
ource W e e M E ]
Drell-Yan  62+£16 82421  89+19 e SHOE I ov ®)
Nonprompt leptons ~ 2.4+4.8  10.0£55 50+15 @ 250F B w =
Diboson 57+14  6.1+15 223453 T : wv ]
Single top 375478  47.0498 140429 & 200 Ml ron-prompt lepton
Total background 108+18 145424 301+38 15[}5— Bl t signal _
tf signal 759433 991+42 | 3082+122 : ;
Total predicted 867438  1136+48 | 3383128 100F 4 2
Data 875 1074|3339 sob | :
(c) tt acceptance % eff.x B (%) - o
b-tagging selection  e"e” T i = AR RN RSN BN RN T Frgre—]
No selection 022+001 0.28+0.01 0.87+0.04 2 ...+_i‘¢H-+-”.h.44-..¢..i.!'t_¢¢*+-+.+..ii.‘f.i v _+:____{.___+_ +.HH. fal!
> 1b—tagged iE”E 0204001 027001 T 0830004 = 0.5 s ,,i e |+, bl {1.," .I.ﬁ
I:Illi 50 100 150 200 250 300 350

eMd channel :eff = 33 % - purity =91 %! M, [GeV] 5
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o(tt) in dilepton channel (e/y) @

The data driven ingredients ...

Drell-Yan estimation Fake lepton background
estimation

(tt—=I+jets, W+jets,QCD)

ee Uy channels : Zrek :R"/R*
Ratio taken from simulation but

corrected using control region in data
eu channel : template fit

MET cut eff.

tt A
Estimation from _ﬂ% L | >Eepton efficiencieg

eM channel

estimation using a
« Matrix Method »

Tag & probe on (Z—ll)+jets events

y
Errigger efficiencies] Use of an independent Determine p,,n dependance

MET trigger Rescale to ttbar MC accordingly




o(tt) in dilepton channel (e/p) @

of the systematic uncertainties

Cut & count method (eu)
%c:-;_;;ce Uncerta ir:;}:lnn yi(pb) T[()E %ﬁ’f%?,g??s
iboson 4
Single top 23
Drell-Yan 10
|:]DI1—W /Z leptons 06
Lepton efficiencies 1.7
Lepton energy scale 05
Jet energy scale 28 6.1
Jet energy resolution 05
E: efficiency 19
b-tagging B! 5.8
Pileup 0.7
Scale of QCD (u) 1.0
Matching partons to showers 1.0
W branching fraction 27
Total systematic 5.6 .7
Integrated luminosity 3.6 4.8
Statistical 2.6




o(tt) in dilepton channel (e/p) @

of the systematic uncertainties

Cut & count method (eu)
%c:-;_;;ce Uncerta ir:;};nn yi(pb) T[()E %‘i’,‘?%?,g??s
iboson g
Single top 23
Drell-Yan 0
Non-W /Z leptons 06
Lepton efficiencies 1.7
Lepton energy scale 05
Jet energy scale 28 6.1
Jet energy resolution 05
| E; efficiency 19
| b-tagging 1.1 5.8
Fileup 0./
Scale of QCD (u) 1.0
Matching partons to showers 1.0
W branching fraction 27
Total systematic 5.6 .7
Integrated luminosity 36 4.8
Statistical 26




o(tt) in dilepton channel (e/p) @

Study of the systematic uncertainties

Cut & count method (eu) o
S Uncertainty on og(pb)  TDR expectations Conservative data-dyiven uncertainties
Dibason 04 (14 TeV,10fb7) are translated in reasonnable
Single top 23 o(tt) uncertainties (thanks to the purity)
Drell-Yan T
Non-W /Z leptons 06 ;
Lepton efficiencies 17 Thanks to object groups effort,
Lepton energy scale 05 JES and b-tagging uncert. are
Jetenergy scale 238 °- below the TDR expectations !
Tet energy resolution 05
| E; efficiency 19 _ |
|;'2uggmg EII:, >8 | Main dominant uncertainties
Scalif QCD (1) 10 ie BR(W) & Iumi_nosity_ measurement,
Matching partons to showers 1.0 are irreducible
| W brandliné fraction 2.7 I
Total systematic 5.6 1.7
I_[ntegrated luminosity 36 4o

Statistical 26




o(tt) in dilepton channel (e/y) @

Study of the systematic uncertainties

Cut & count method (eu) o
Source Uncertainty on ¢;(pb) TDR expectations M data-dyiven uncertainties
Diboson 04 (14 TeV,10fb) are translated in reasonnable
Single top 23 o(tt) uncertainties (thanks to the purity)
Drell-Yan T.0
E};‘:iﬁfﬁ;ﬁ ?:? Thanks to object groups effort,
Lepton energy scale 05 JES and b-tagging uncert. are
Jet energy scale 28 6.1 below the TDR expectations !
Jet energy resolution 0.5
| E; efficiency 19
[ °-fagging L1 08 ‘ Main dominant uncertainties
giif QD (1) ':l"; ie BR(W) & luminosity measurement,

Matching partons to showers 1.0
| W brandliné fraction 2.7 I

Total systematic

56 1.7

Integrated luminosi 36 i
Statist 26

are irreducible

Since 2011, the total uncert.
Is dominated by systematic uncert.

10



o(tt) in dilepton channel (e/y) @

Into the precision area : 4.2 % uncertaint

Cross section is measured from a profile likelihood ratio

using the N__vs N__distribution cMs 231b"atVs=7TeV Before fit
jets bjets N 5000 E | T | I l | | | [ 3
. _.GC_'.) 2000%_ €e, ML, el"’ * Data _E
2 extraction methods : a0 s oy -
s Cut & Count (cross-check) ok 5*’” :
c (A% ]
1200 3
~ Combination with a BLUE method 1000 S IR i
gggz_ == - it signal
s Profile Likelihood Ratio method jﬁg*
200 _____
-+ Combination with a treatment of nuisance ] S T N S i ST
parameters correlation btw channels Es
= gain with PLR : 12 % on systematics . +e}+4+
C 06 ookt o i B s o s s et b i T

L /P - ,
=+ gain with comb. (rel. ep) : 19 % on statistics T I R R
= Combination driven by the ep channel (NN, )

(less backgrounds, no MET selection)

Channel PLR method Counting analysis

ee 1680+ 66776 +37 1659 +64+70+ 36

i 156.3 + 56177 +35 153.8+54 + 66+ 34

et 1619 +31729+36 161.6+3.1+56+3.6

Combined 161.9 + 2.5:5;-}, +36 [161.0+26+56+36
42% |

good agreement btw. the 2 methods 11



o(tt) in dilepton channel (e/p) @

Into the precision area : 4.2 % uncertaint

Cross section is measured from a profile likelihood ratio

using the N vs N distribution

2 extraction methods :

s Cut & Count (cross-check)
= Combination with a BLUE method

a Profile Likelihood Ratio method

-+ Combination with a treatment of nuisance
parameters correlation btw channels
= gain with PLR : 12 % on systematics
= gain with comb. (rel. ep) : 19 % on statistics
= Combination driven by the ep channel
(less backgrounds, no MET selection)

cMs23fb'atNs=7TevV Before fit

Top mass dependance :

w E [ | [ | I | [ | [ ]
2200 3
g 2000 f_ €e, ML, el"’ * Data —f
[ 1800F- —— []ov -
1600 = ] w E
1400 W :
i E— - non-prompt lepton —5
1000 - X 3
800 F == [l i signa 3
600 & =
400 ;—
i . ===
E‘ 12 .........................................................................................................
[5] 1.2
1y f -
o ORGP S S ) AW i i 3
0 &0 22 G0 G (G2 B3 (40 BaD) 542
jets’ biets
Channel PLR method Counting analysis
ee 1680+ 66776 +37 1659 +64+70+ 36
i 156.3 + 56177 +35 153.8+54 + 66+ 34
et 1619 +31729+36 161.6+3.1+56+3.6

Combined 161.9 +2572) +3.6

og/og(my = 172.5) = 1.00 — 0.008 x (m; — 172.5) — 0.000137 x (m; — 172.5)2.

1610 L 26 =561 3.6

Top mass uncertainty at WA : 1.4 pb (0.9%)

42% |

good agreement btw. the 2 methods

12



o(tt) in dilepton channel (pt,) @
L ooking for an hadronically decaying T

—_— - =

Luminosity = 1.09 fb" S TOP-11- 006

Event Selection .

@ Single-muon trigger Data Driven estimation :

° 1 |solat§d muon p, > 20 GeV Measurement of jets faking T
e 1 tau with p, > 20 GeV probability w(n, p,) using with high-p_ jet trigger
@ Opposite sign requirement
o 22 jets with p; > 20 GeV Statistical procedure : cut & count
@ 21 b-tagged jet 70_NS=7TeV, 1.09 fb"' CMS Preliminary
® MET > 40 GeV N
> 60|
QL
Measurement : o s IO
: S 5t B other f
o = 148.7 £ 23.6(stat.) 26.0(syst.) £8.9(lumi.) pb| = | — i
253% £ 0 Woboon
Uncertainties [To] \ ) o -
T fake background 13.0 w 30
T jet identification 73
b-jet tagging & 55 20
jet—b mis-id = " =
jet energy scale, jet energy resolution, ET" 44 101
theoretical uncertainty 40
on signal efficiency ’ _ : ! Vit
== o 0 50 100 150 200 250 300 350 400 450
cross-section of MC backgrounds 1.6 ngp [GEV"’C
luminosity 6.0

reconstructed top quark mass
with a kinematic fit 13



Luminosity = 2.2 b’

:; arXiv:1203.6810 %

e —— e

o

w
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[\S] w
[4)] o

[ae]
o

\I\|IIII|IIII|I\IIIIIIIIIII]II

Events / (20 GeV/c?)

- CMS (s

T | T T T
=7 TeV, 20 b’

———

Bl ti— et +X

[ other tt
I W+jets

I Single t

[]

““ Total uncert.

\I\|IIIIIIIIIII1IIIIIIIIIII'IIIIII

ata

DY+Diboson

~l
o

[ep]
Q

a
(=)

40

Events / (20 GeV/c?)

o(tt) in dilepton channel (e/y,T) @
Update with eT channel and higher luminosit

- CMS {s5=7 TeV, 2.2 fb"

U AN § | LI B I ) | LI I L | U S §

——data

Bl 1t ut +X
[ other tt
Bl W+jets
B Single t
__|DY+Diboson
#- Total uncert.

I\IIIIIIIIIIII|[IIIIIIIIIIIII|JIII

200 300 600
2 2
Source Uncertainty [%] | Combination [%] mtcp IsEe] mmp eyie)
€T HTh
T misidentification background 12.6 9.8 10.8
T jetidentification 6.4 6.3 63
b-jet tapiiqing, misidentification 5.3 53 53
| jetenergy scale, jet energy resolution, e 5.1 62 | 58
| theoretical uncertainty on signal efficiency | 4.0 4.0 4.0 —
| pile-up modelling 23 23 23 18.4 %
| it L — o = 143 4 14(stat.) £ 22(syst.) £ 3(lumi.) pb
| muon selection 0 2.0 1.3 1
| cross section of MC backgrounds 1.6 14 15
| luminosity 22 22 22
[ weight 038 | 062 | x2/Nyg=2381/1
: (p-value = 0.198)

14



CMS combination @

CMS Preliminary \'s=7 TeV F >
S TOP-11-024 =
CMS 2011 combination 166+ 2+ 11+ 8' Combination using with L=0.8-1.1fb"
TOP-11-024 (L=0.8-1.1/fb) (val. = stat. = syst. + lumi.)

Gain 7 % of stat. and 7 % of syst. uncert.

[ |
@ Use of a binned maximum likelihood
[ |
@ Cross check with a BLUE method

164+ 3+12+ 7

(val. £ stat. £ syst. + lumi.)

CMS e/p+jets+btag
TOP-11-003 (L=0.8-1.1/fb)

@ |-jets channels gave the best precision
@ Dilepton analysis has then been updated

o = 161.9 & 2.5 (stat.) 73 (syst.) & 3.6 (lumi.) pb

170+ 4+16+ 8

(val. £ stat. = syst. = lum)

CMS dilepton (ee,up,en)
TOP-11-005 (L=1.1/fb)

CMS all-hadronic 136+20+40+ 8 => more precise than the

TOP-11-007 (L=1.1/fb) (val. + stat. + syst. & lumi.) previous combination

CMS dilepton (ut) 149+£24£26% 9 1l & Experimental measurements compatible
TOP-11-006 (L=1.1/fb) (val. = stat. = syst. + lumi.)

with the prediction(s)

I Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 . . .
B Approx. NNLO QCD. Kidonakis, Phys. Rev.D 82 (2010) 114030 @ Experimental precision is comparable to
B pprox TNLOQED, Ahrens et al., JHEF 1009 (2010) 097 the theoritical uncertainties
| | | | |
0 50 100 150 200 250 300

o(tt) (pb) P



LHC combination @
_________LHC combination from TOPLHCWG

LHC combination from TOPLHCWG
Inputs : ATLAS (ATLAS-CONF-2012-00) and CMS (CMS PAS TOP-12-003) combinations

ATLAS CMS Correlation LHC combination

Cross-section 177.0 165.8 173.2
e Uncertainty
on Y S 3722 o 26
\“(\\)\\ e [Es 27 35 0 2.1
PSS \a\‘\o"‘ Detector model 5.3 88 0 16
(_‘,O“e Signal model
Monte-Carlo 4.2 1.1 1 3.1
Parton shower 1.3 22 1 1.6
Radiation 0.8 4.1 1 1.9
PDF 1.9 4.1 1 2.6
Background from data 1.5 34 0 1.6
Background from MC 1.6 L6 1 1.6
Method 24 n/e 1 1.6
a‘\:\a\\\J W leptonic branching 1.0 1.0 1 1.0
'\\.\J d Luminosity )
‘\(\O‘5 \a\e Bunch current 53 43 1 i
\,\)m 00((3 Detector effects 5.1 04 0 34

~Total 114 144 10.2

Treatment of the different uncertainties with their correlation

Total correlations between the measurements : 29%.

16



LHC combination @

LHC combination from TOPLHCWG

Combined ttbar cross section uncertainty becomes 5.8% (around 10 pb)
=> gain about 10%.

LHC o . combination - September 2012, L = 0.7 fb™ - 1.1 fb”
s g ATLAS + CMS PraliminaryNs = 7 TeV .

AT L.-"-_"I ﬂl-l':fr:'.::l'l- 22, 8o, 2] I 1 ?3 + B - ::i_.;
o —— 179+ 4% 11
AT L.-'l:j'-.-‘sl, all jL"l_- ’ R . ‘ " ~| FF} |I 8 | ?8
ATLAS combined —— 1774 8™ ]E,
fj_ms%.' -r:.f_-gﬁmm.: Py —— 170+ 4+ 18
i:_M:;I' I* [P N — 149+ 24 + 28
M, jete —— 164+ 3+ 14
[:_['”]5:' i Ll ; s e 4 136 + 20 + 41
CMS combined —@— 165.8+ 2.2+13.2
LHC September 2012 — — 173.2+ 2.6+ 9.8

J ' for m=172.5 GeV . + [Slta’[.jl + (syst.)

50 100 150 200 250 300 350
o [pb]

Better results are expected with new measurements
more statistics, better lumi. systematic,... 17



o(tt) in dilepton channel (e/p) @

400

Luminosity = 2.4 fb”

Event Selection :

@ Similar to 7 TeV analysis

@ Changes to be robust againts PU :
-~ Change lepton isolation definition
-~ Change energy correction of jets (MET)‘:Z

Events

2
300

250

200

150

e @ data ] G . ® data 1
SM;;";?;T'HM BZr—iigess 1 & 2:'8 p;ﬁ';r;m? B Zy'— T (epr) |
35001 =+ Bw = & s i 8w ]

410 pb”, fs=8TeV g E
[ NonW/Z leptons ]
B {f signal

2410 pb', {s=8TeV Bw

[ Non W/Z leptons
B t signal

Data driven estimations : & i% et s = - 15 S <
@ Similar to 7 TeV analysis § odmpr A A s A
Q o 1 2 =3 (@] ] 1 2 =3
. . b-tagged jet multiplicity b-tagged jet multiplicity
Statistical procedure : < i
s Cut & count v{:lrce ont. DD.BE‘ ai(pb) ont. D{}_]E (o)
. | ~_Single top - tW 22 1.0
Measurement : '6.7% = NonW/Zleptons 32 14
- Drell-Yan 1.6 0.7
og =227 £ 3 (stat.) =11 (syst.) &= 10 (lumi) pbl‘ Lepton efficiencies 4.0 18
LES 0.7 0.3
JES 5.7 25
Systematic uncertainties : — = s
@ Dector related uncertainties increased T 33 15
@ Pileup uncertainty increased Branching ratio 3.9 1;
@ |t still reach a 6.7 % of total precision E;;';flﬁ;m - o
e -— Total Systematic 10.7 47
: = Luminosity 10.0 14
= o Statisti 3.1 14
? ) dllstcs

TOP-12-007/




CMS combination @

CMS Preliminary, 15=8 TeV

:--—-.—-: -
CMS I+jets (efp+jets) 228+ 9+ £170pb
TOP-12-008 (L=2 84b) el & meml T el S B
S
CMS dilepton (eeuu,eu) 227+ 3 +11=10pb
TOP-12-007 (L=2.4/fb) (val. £ =il & sysi & fumi)
= =
CMS combined 22T+ 3+11+£10pb
ﬂ fual & ebal & oyl 8 himi)
_ ﬁ.pﬂlﬂ'r MHLD OCD, Kidonalos, arihe: 1206 3483 2012}
o Aoprax. MNLC QCD, Cﬂtﬂ.plelﬂﬂ al., =iXiw:1111.5868 2011}
anm.l FHILC QI Langen rc-lclna . PRD B {2008 US-4008 [ Scake & +'E.l|' unoer ey j
B Agra, ML CY S0, L] s, FRLD 80 (Z005) CAAD0D [Scabe wwmerisiny)
! I
0 100 200 300 400
o(tt) (pb)

@ Combination of the CMS 8 TeV measurements using a BLUE method
» Combination dominated by the dilepton channel
@ Combined cross section measurement :

6.7%
[0 = 227 £ 3 (stat.) £+ 11 (syst.) + 10 (lumi) pb.] |,




CMS combination @

CMS Praliminary

—350—
A
— B * CMS combined 7 TeV (1.1 tb)
Savor . 1
B = CMS combined 8 TeV (28 fb')
250—
200— ——
150
= MLy 3 E0
- hpprrﬂ:u:. MNMNLO SRS
e Scale uncertainby
193__ it bcalew PDF uncertainty
E Langanfakd, Moch, Lwer, Phys Rew. DBO (2008) 054009
4 MSTW 2008 (NyMLO PDF. 0% C L. rity
5 B 4 ! 1 1 I. 1 1 i 1 | F L 1 1 i ! | 1 L i 1 F !
nE 8.5 s ?.5 8 E.'E 9

Vs (TeV
® Measurements are compatible with the theoretical predictiéns}

@ Ratio of the 8TeV (combination) and 7TeV cross sections (dilepton at 2.3 pb™)
o Lot of systematic uncertainties cancel out
o Ratio is found to be 1.41+0.10

@ Dilepton channel is very pure (>90%) and allows high precision measurements

» The CMS dilepton analysis @ 7 TeV reached a very high precision: 7 pb (4. 2%)\
=> most precise top pair cross section measurement

@ Despite the high multiplicity of pileup events, the CMS dilepton analysis @ 8 TeV
reached a good precision: 15 pb (6.7%)

20
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