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Top-anti-top cross section measurements
iIn the dilepton channel from LHC
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<~ Measurement of top-anti-top production cross section
+ Useful in its own right (QCD & EWK physics)
+ Sensitivity to new physics
+ Crucial background for BSM searches

W decay mode

<+ Inclusive production cross section measurement
for the ee/ppu/en decay channels

W decay mode

+~ CMS PAS TOP-11-005 ' —

<+ ATLAS-CONF-2011-100

<+ Inclusive production cross section measurement for the pt decay
channel

+~ CMS PAS TOP-11-006
<+ ATLAS-CONF-2011-119

<~ New for 2011: High pile-up (~6 per event); increased statistics
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<~ Measured by both experiments
+ CMS: L£=1.11fb"!
+ ATLAS: L=0.7 fo!

+ ee, M, M
<+ Branching rafio: 6.45+0.11%

+ Experimental signature
<~ Two high-p; leptons
+ 2 jets :
+ Without b-tagging (ATLAS) bj’et@
< With b-tagging (CMS & ATLAS)
< Missing E;
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Mo, = 172.5 GeV/c?
< ATLAS:

<-MC@NLO using CTEQ6.6 PDF set
<Normalized to HATHOR prediction (approx. NNLO)

Utf = 165J—riépb

<-CMS:

<-MADGRAPH (v4.4.12) + PYTHIA (v6.422)
<-TAUOLA used for T decays

<Normalized to MCFM prediction (NLO)

Otf = 1583431 pb
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210% =
c

T L} T

+~ CMS: dilepton frigger
+ Isolated lepton p; > 20 GeV/c 1o
¢ Il <2.5(e%), 2.4(p%) 10°

CMS preliminary, 1.14 6" gy

7
L% 10" E ee, pu, eu channels

< ATLAS: Single lepton trigger 10*
+ Isolated electron p; > 25 GeV/c, 103
In| <2.47 102
< Isolated muon p; > 20 GeV/c,
In| <2.5

Require oppositely-charged lepton pair 4

Rejection of Vector meson, b-quark
production & low mass Drell-Yan

0 50 100 150 200
M,(GeVic?)

70 veto = Suppression of Z+jets M, > 15(12) GeV/c?
background Veto £10(15) around M,




ls ot finding & b-tagging %2%

ATLAS
(R=0.4 R =0.5 b
Calorimeter y ' Anti-k; algorithm l'_’ Particle flow
energy deposit nobjec’r input
\InpUT A Displaced M
T Tracks
| k l
= Secondary
2 2 JeTS Vertex 2 2 JeTS
p; > 25 GeV/c Yy ;> 30 GeV/c
In| <2.5 | In| <2.5

Likelihood ratio
based on a number
of discriminating
variables

3D impact parameter
significance of 2nd
track associated to
jet

Jet

~80% efficiency > 1 b-tfagged jet ~80% efficiency
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Energy %

%400__I T | | | T T T I T | T | 17T | T | I_—
s Reconstruction G [ ATLAS Preliminary non-b-tag | -
. . . < 350F e Data -

< ATLAS: Using jets, plus 2 ¢ det:O.?O o' (s
electrons, muons and any =300p 7 Zysjets
i C Fake leptons
additional cal clusters 2500 %f W ooy
+~ CMS: Using Pflow objects 200_§ 7 ;
150% % 1
+ Selection only applied for ee & ol % E
Hu i :
¢ Suppress multijet and Drell- >0 E
YOn bOCkgrOUndS 0O 20 40 60 80 100 120 =150

E?'SS [GeV]

\ET > 30GeV

E. > (40)60GeV (ATLAS)
(CMS)

o

J
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+ L+jets: Ratio of events inside to outside &«

. veto region using MC

NMC

out

N Me

in

N Data _

Data
out Nin
+ Use ey channel to correct
for other background
contamination

>

CMS Monte Carlo:

< M, > 50 GeV/c? MADGRAPH
normalized to FEWZ prediction

410 < M, < 20 GeV/c2 PYTHIA

-

<20 <M, <50 GeV/c? POWHEG

IS

8108
c

CMS preliminary, 1.14 fb”
ee, uu, eu channels

it signal

150 200
M,(GeV/c?)

100

4

50

100 150 200

M,(GeV/c®)
-
ATLAS Monte Carlo:
ALPGEN normalized to
g NNLO prediction P
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Estimated using the Matrix method (data-driven estimate)

Event categories Probabilities for Lepton categories:
based on isolation real(fake) lepton Real (prompt)
(standard/loose) passing L iso to Fake (non-prompt, x©,
SS, SL, LS, LL Pass S iso conversions)

l

< T < (Real lepton: Z+jets

e C 3 enriched data

§ _ S < sample

= 4 x 4 matrix 0 D

Q % > Fake lepton: QCD

8. Q multi-jet enriched

3 =. data sample (low
<z missing E;) /
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+ These background sources estimated purely from MC

<+ CMS:

+ Single-top: Generated using POWHEG. Normalized to
NLO+NNLL cross section prediction. tW channel generated
using the diagram-removal scheme

<+ Diboson: Generated using PYTHIA. Normalized to NLO
MCFM predictions

<+ ATLAS:
+ Single-top: Generated using MC@NLO. tW channel
generated using the diagram-removal scheme

+ Diboson: Generated using ALPGEN. Normalized to NLO
MCFM predictions
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ee, uy, eu channels

F1°
"‘IIIIIIIIIIIIIII-

rfrrrr|rrrryrrrr|r T

CMS preliminary, 1.14 fb” Ew‘

E 21T (weu)

Ozy*—<'r

@ Wajets « QCD
+ fl cther

M 1t signal

3 =4
b-tagged jet multiplicity

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

- ATLAS Preliminary All channels-

I J‘ 4+ ¢ Data
 |Ldt=0701" 4 _
I W Z/y*+jets _
L Fake leptons .
N Bl Other EW
B-tagged jet
multiplicity
ﬁ-‘; _\fl\l\l\l‘flll‘Hlflll\\‘||fl‘l\l\l\\l\l\l\l‘l\fl_
0 1 2 3 - ATLAS Preliminary all channels -
Number of 1000/~ * Data 7]
I _[ Ldt=0.70fio' (e 1
80 0; 0 Ziyt+jets |
r Fake leptons -
I B otherEw |
6001 m
400 i
200—— :
. :
ol

C dilepton results

0

0 1 2 3 >4
Number of jets
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[?] CMS Collaboration, JHEP 1107 (2011) 049, arXiv:1105.5661

CMS

Source

Lepton efficiencies
Lepton selection model
Jet and E7 energy scale

B-tagging

Pileup .
Branching ratio 17 17 17
Decay model (from [9]) 20 20 20

Event Q2 scale (from [9]) 23 23 17
Top quark mass (from [9]) 26 26 15
Jet and ET model (from [9]) 3.2 32 04
Shower model (from [9]) 07 0.7 0.7
Total Systematic 10.0 9.6 838
Luminosity 45 45 45

<-Z+jets background estimate uncertainty 50%
<-W+jets background estimate uncertainty 50%
difference between data and MC

<Single top, VV.and Z -> 11 30%

Q% Al CMS
: T
A L
A
S Wy
4

ee My eu Combined
Uncertainty Source Acfo[%] | Aofol%] | Ac/o[%] | Ac/o[%]
Data statistics 03/98 -66/68 | -41/42 | -33/33
Luminosity -40/47 -37/43 | 43/47 | -42/46
MC statistics -42/49 -28/32 | -19/21 | -15/16
Lepton energy scale 00/09 00/05 -03/03 | -04/00
Lepton energy resolution 00/0.6 -05/08 | 00/05 -04/03
Lepton indent. s I| -55/66 12727 | 31/34 | 2O
Jet energy sc -100/106 | -38/76 | -37/45 | -59/53
Jet energy resoluty -06/08 -31/36 | -06/07 | -04.03"
Jet reconstr. efficiency 00/00 00/00 00/00 00/00
Drell-Yan prediction 00/00 -04/04 | 00/00 00/00
Fake leptons -16/16 -04/04 | 32/32 | -20/19
MC generator -43/53 00/00 | -29/32 | -21/23
Parton shower -47/58 -04/05 | -29/32 | -23/24
ISR -71/06 -08/36 | 05/24 | -24/25
FSR -136/06 | -07/43 | -24/05 | -13/14
PDF -24/28 -17/22 | 24/27 | -23/25
EXSS reconstruction -10/11 | -08/17 | 00/00 | -05/06
Pile-up -06/13 -05/15 | 00/00 -05/05
Detector modeling 06/11 07/15 | -07/12 | -10/13
Theoretical cross-sections -14/13 -17/18 | -21/21 -19/19
All systematics -20/18 -73/13 -92/11 -93/10
Stat + Syst -22/20 99/15 -10/12 98/11

Total systematic: 9.5 - 11.3%

Total systematic: 7.3 — 20%
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< ATLAS

< Likelihood fit of number of observed events in each channel,
luminosity and systematics

¢ Oyp free parameter of fit — extracted from profile likelihood ratio
< Fit yields cross sections for individual channels and combined

value
¢+ CMS N
. ' signal
+ Cross section exfracted using: O ; = O theory
SF.Nexp

¢ Ojheory = 197.5 PP; Ng,, = number of expected events

¢ Nggnat = NUMber of observed signal events

+ SF = scale factor (accounts for differences between data & MC)
+~ Combined cross section determined using BLUE method*

*Lyons, Gibaut, Clifford NIM A270 (1988) 110
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CMS Preliminary: ATLAS Preliminlary ] _l ______ Theolry aopro ,\:NLO)
Data 2011,J. Ldt=0.70 fo' m = 172.5 GeV
ee channel ce - 172+ 16 +31 *2
189.9+8.9+21.4+£8.5pb m - . 154+ 10 */9 *+7
e - . 1767 *17 +8
Uy channel Comb. e 171+6 *1° 48
1658+ 7.4+ 18.5+7.5pb e W/ b-tagging e 17BEI5 T
up w/ b-tagging Hh*%#ﬂ 159+ 10 ) */
SH channel Ztl\'llv'l/bb-;??s/llgtagging H_H_| 1:?:2 :1:43 :7:
. - Ly - - -
169.9+4.4+162+7.6pb | | M (Ftat)i(syst};(luim)

150 200 250 300
o [pb]

CMS: O, =169.9 = 3.9(star) = 16.3(syst) = 7.6(lumi)pb

0 50 100

ATLAS: O . =177 = 6(stat)*,, (syst) " (lumi) pb
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< First measurement of top-anti-top
cross section with T in the final state

+ New physics: Charged Higgs with b-jet M
rnH < rn’rop
<+ Possible anomalous T production [ /
b

<~ L=1.1fb]
<+ Branching ratio ~2.4%

< Experimental signature:
+ Isolated high p; muon
< 2 or more jets (b-tagging)
<+ Hadronically-decaying T
<+ Missing E;

ner«-<pe
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<+ Tau decays:

+ One or three charged mesons (mainly 11%)
+ Up to two 1@

<~ CMS: "Hadron plus strips™ algorithm
<+ Analyze jet constituents (jet cone AR = 2.8/p)

"Combine (C - ~\
Pflow EM .| Make neutral ombine
objects in [ objects ] ~ | with charged

\“ST”pS” J Look for 10 fo \hadrons

YY decays Reconstruct T
decay products

<+ If results indicate more than one possible decay channel

<~ Take the one with lowest E; sum of jet constituents not
associated with T decay

s, |

ner«-<pe
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< ATLAS: Two-stage process

<+ Select jets with 1, 2 or 3 tracks associated (p; > 1 GeV/c,
leading track p; > 4 GeV/c)

% Use BDT to separate e* and 1

<+~ Remaining sample = mainly fakes
+ Use second BDT to identify T with 1 (T,) or 3 (T5) tracks
< Fit two BDT distributions separately with templates
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<+ Two sources of background:
< T-fakes: Data-driven estimate
< Non-t-fakes: Estimated from MC

<+ Drell-Yan (TT, ee, yy), single top, dibosons & top-anti-
top background

+ T-fake background = p + missing E; + 2 3 jefts
%> ] je’r mis-identified as a T-jeT g TV L9l CMS Preliminary
+ Dominated by W+jets and tt — p +jets =

pd

10 €

10%E

10?

< Two different approaches

10

20 40 60 80 100120 140 160 180 200
pl [GeVic]
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<+ Determine probability for a jet to be mis-identified as a T-jet using:

(o) 1e L L IR NN BRI IR BN B~
< CMS Preliminary . -
+Two data samples: I S Data :
S 0 FoTTev =MC =
+QCD multijet (mainly gluon jets) & Tpr5 20 GeVie, L 24 -
+W + =1 jet (mainly quark jets) e R S E
L :,: * -
e 3 !
wbk ¢ Estimated using QCD
- multi-jet samples
105 L+ | I S T AN TR T T NN ST ST S N S BN

1 11 l 1 1 1 l 1
0 20 40 60 80 100 120 140
Jet P (GeVic)

<+ Signal sample is mixture of quark + gluon jets
+~Quark jets higher probability of faking T-jets
+Take average as correction - apply to all jets
+Use difference as systematic uncertainty
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+ Expect T and py to have opposite sign (OS)
+ Exploit same-sign (SS) sample in background estimation
+ Before missing E; cut QCD multi-jet background dominant
< Approx. equal in OS & SS samples
<+ Subtract SS from OS to remove it

+ Use W + 21 jet sample to estimate background
+ OS sample = mainly light-quark jets (some gluon jets & b-jets)

+ SS sample = significantly higher fraction of gluon jets

+ Gluon component of T fakes = charge symmetric = same shape
+ Subftract SS from OS willremove it (and b/anti-b contribution)

<+ Remaining background handled by BDT
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(o) a [CMS
%I

A

S

<+ T identification only way to suppress O
. . S | —Waijet OS (Data) ]
remaining background 5 [ wiss oan Ty -

§ -°[” — Signal (MC) . . ~

+ Apply BDT < [ ATLAS ’ N i

0.of Preliminary ¢ b

+ Build background template based on - (a) _ E
OS+SS WH+jets data sample T ey E

: P N I 1

0 .’......I-.-.ma-JTT1.1.11.1.11.11..“1 =

. . 0 01 02 03 04 05 06 07 0.8 O'QBDT-1

+ Signal template from tt = T+jets and '
Z—’T+T_MC 204 LRSS LB LA RLEN BLUALLUAL BLAE R LN BN BRSNS L BLBLBLEL LR

s [ ATLAS — Wajet OS (Data) T

E ook Preliminary  — W-jet SS (Data) 3 -

¢+ Remaining tt — pe + jets estimated g k. — Sional (MO) (b)
using MC — added to signal template = ., -

+ ¥2fit made to determine T %
normalisations - - R

oty v by baa vy Ly o BT l....l..v
01 02 03 04 05 06 0.7 08 09 1
BDT,

OO
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Ns=7TeV, 1.09 fb' CMS Preliminary

(2] [2]
c C ] c C ] -
S 700 ATLAS Preliminary * Data 3 S 140 ATLAS Preliminary * Data 1 S
[T C — 1 T L _ i O
P C [ Jft—ut, +bb] C [ Jft—ut, +bb] NG -
C 1 “had 2 . iy “had > 60—
?® goo | Ldt=1.081b ST, diboson] 120~ | Ldt=1.08b ST, dibosorr] @ OUF
8 C W Z+jet ] 8 C B Z+jet ] 8 C
500[ - 1001 W+jet = S0
N Z tt—ll+bb i tt—ll+bb ~ C
400 M i-l4jjbb 80 M i 1+jjbb g 40
C uncertainty C uncertainty - o
300F - 60~ - o 30
C BDTI- < 0.7 C BDTI- > 0.7] r
200 - 40F . 20—
100F (a) . 20 (b) . 10
- — 0_ - =
2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10 0
Jet Multiplicity Jet Multiplicity
Vs =7 TeV, 1.09 tb™ CMS Preliminary
ﬂ 180_ = ‘UE, L L [ B I \_.L&atla L
§ 160 E__ BG from fit ATLAS Preliminary _E 2 -3‘3&;
- C (338) R 2 1 02 DY+jets 3
140 — . . L dt= 1.08fb — -D_iboson E
= — Signal from fit = W Singlot
120F- (163 + 30) 7, Data -
100 :_ _: /77 Uncertsinty
= a) 3 10
@)
60 \%_# -
40 L ‘ - 1
0 | I_\_-
- T =
'20 :rl 11 | 1111 I 11 11 [ 1111 I 1 1 1 1 I 1111 I 1111 | 1111 I 11 175 ¥
0O 01 02 03 04 05 06 07 08 09 1 20 40 60 80 100 120 140
BT, P [GeVicl
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<+ Systematic uncertainties similar to those already presented
<+ Uncertainty related to T identfification

+ CMS: 1 fake background - 13%; T identification — 7.3%
<+ ATLAS: T uncertainty 5.8 - 9.5%

T 136 = 23(star)* 2 (syst) = 5(lumi) pb

T3 163 = 53(stat)*>; (syst) = 6(lumi) pb
[ATLAS Combined o, =142 + 21(star)™ (syst) + 5(lumi)pb ]

-16

PN

| CMS o, =148.723.6(star) = 26.0(syst) = 8.9(lumi) pb

J

s, |
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HATHOR o, =164, pb Kidonakis o, = 163" (scale) = 9(PDF)pb
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Cross Section Summary (CMS)

CMS Preliminary Ns=7 TeV

O 64+ 3+12+7

(val + stat. + sy1s%. + lum)

CMS e/u+jets+btag
TOP-11-003 (L=0.8-1.09/pb)

CMS dilepton (ee,uu,eu)
TOP-11-005 (L=1.14/fb)

CMS all-hadronic
TOP-11-007 (L=1.09/tb)

CMS dilepton (ut) 9
TOP-11-006 (L=1.09/tb)

CMS 2010 combination = -
arXiv:1108.3773 (L=36/pb)

CMS e/u+jets+btag
arXiv:1108.3773 (L=36/pb)

CMS dilepton (ee,uu,eu)
arXiv:1105.5661 (L=36/pb)

CMS e/u+jets
arXiv:1106.0902 (L=36/pb)

.——i

—® " 170+ 4+ + 8

(val + stat. + syst. + lum)

136 +20+%° + 8

(val + stat. + syétt(.)imm)

149 £24+5° + 9

(val + stat. + syst. + lum)

154+ + 6

(val £ tot. = lum.)

150+ 9+17 + 6

(val + stat. + syst. + lum)

168 +18+1; + 7

(val + stat. + syst. + lum)

AT A48 1+ 7

(val + stat. + syst. + lum)

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009

MSTWQOOET(N)NLO PDF,IscaIe® PDF(TO% C.L) unCTrtainty

|

50 100 150

200 250

o(tt) (pb)
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+ Updated measurement of top-anti-top cross section in the
dilepton decay channel presented (ee/uu/ep)

+~ Good agreement between CMS & ATLAS and with theory
<+ High pile-up under good conftrol
+ Slight increase in systematics

+ First measurement of fop-anfi-fop cross section in ut decay
channel presented

+ Experimentally challenging
+~ Good agreement between expts & theory

< Measurements now limited by systematics

+ Look to reduce these by improved understanding of pile-
up and b-tagging
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CMS

Event Yields

Source ee . -
Dilepton tt 4275 £ 197 £ 445 559.3 +£22.9 + 56.3 1487.2 £ 37.3 £139.2
LAY 26=16=08 341911 692622
Single top - tW 29+48+73 289 +54+92 73.4 8.6 +233
Drell-Yan 11 6.9 +26+22 8.8+3.0+29 273 £52 £+ 88
Drell-Yan ee, uu 382 +43+£191 50.5 £ 5.1 £25.2 -
QCD /W +jets 2.9 + 43(tot.) 7.6 + 47(tot.) 30.0 £+ 12.0(tot.)
Total background 73.6 £+ 22.2(tot.) 99.1 + 28.6(tot.) 137.6 £ 29.6(tot)
Data 589 688 1742
ee U ep D-tag ee | b-tag uu | D-tag eu
ATLAS Z|y*(— ee/up)+ijets | 8ﬁ:§ 148 +4.7 . 9.33:; 19.1?:2’ -
Z/y*(— TT)+jets 52+26 | 112+48 | 4316 | 16755 | 70735 | 91738
Fake leptons 31+£22| 0348 | 44+£24 [49+3.1|1.0+08 | 19+12
Single top quarks | 6.6 +12 | 162+20 | 409+56 | 6813 | 15422 | 30.87}2
Diboson 56+10| 82+12 |309+46|21+08 | 2707 | 873
Total bkg. 243737 | 508 +84 | 158 +£34 | 247137 | 452700 | 68 £ 14
Predicted /7 135 £17 | 252%30 | 753+61 | 16773 | 31473 | 66675
Total 159+ 18 | 303%35 | 912+70 | 192+22 | 35973 | 7345
Observed 165 287 962 202 349 823
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ATLAS Before EZ"™ cut (data) | W +jet (OS) W + jet(SS) | Signal | MC expectation
7| 3180610 1150+ 580 | 672+ 70 806 + 20
73 | 12100 = 1200 6710 + 1200 | 193 + 50 261 £ 10
Before b—tag (data) | W + jet (OS) W +jet(SS) | Signal | MC expectation
T| 1840 + 400 740 £ 380 | 427 + 50 477 + 10
3 | 7700 £ 810 4610+ 810 | 106 + 30 160 + 10
After b—tag (data) | W +jet (OS) W +jet(SS) | Signal | MC expectation
T 700 + 190 360 £ 170 | 163 + 30 198 + 3

T3 1930 + 380 1010 + 380 | 62 +20 66 + 2
Source Events (£ stat. &= syst.)
CMS T — WOWD — jib tvb | 1527 £ 2.8 £ 16,6
T fakes 163.0 £9.7 +17.3
other tt 127 £ 0.8 = 2.6
Z/y* — ee, uu 0.7 £05=£0.5
Z/y* =TT 309 + 3.6 £5.8
Single top 13.8 £0.7 £ 2.0
VvV 244+024+0.3
Total expected 376.4 £ 10.8 &= 29.7
Data 361
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L(0,L,0) = | [P(N”INE @) xG(L, | Loy x | |G, 01a;.1)
iE{channel} JjESsyst
<+ Cross section = free parameter of the fit
< Vector of a values = systematic uncertainties
+ Each «f = “nuisance parameter” = = 1std dev

<+ P = Poisson distribution expected number of signal &
background events

+ G = Gaussian distribution modeling of Luminosity
<+ Cross section determined from profile Likelihood ratio:

Mo ,) = Lo, L)/ L(G,,.L.a)

sig sig?
Single circumflex represents maximum likelihood estimate of parameter
Double circumflex represents conditional MLE for a given oy,



