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D Inclusive to p pair ;

production at Tevatron and
LHC in electron/muon final
states

* Infroduction
s Inclusive cross sections

> Conclusions & Outlook

Andreas Jung (Fermilab) for the CDF, D@, ATLAS & CMS collaboration

VI. Infernational Workshop on Top Quark Physics
September 14-19, 2013, Durbach, Germany
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ChS, |

D Content

» CDF: dilepton decay channel CDF-CONF-10878, and [arxiv:1304.7961]

|| /@' ’)»
n>r->

» DO: l+jets, dilepton |
l+jets (full Run 1) =ME)

PRD 84, 012008 (2011), PLB 704, 403 (2011)
DO-CONF-6379

s ATLAS: lepton+jets af 8 TeV ATLAS-CONF-2012-149
Dilepton at 8 TeV =N~ ATLAS-CONF-2013-097

> CMS: lepton+jets at 7 TeV, 8 TeV phys. Lett. B 720 (2013) 83, CMS-PAS-TOP-12-006
Dilepton atf 8 TeV CMS-PAS-TOP-12-007

E A. Jung Inclusive top pair production in e/ final states 2


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-149/
http://www-cdf.fnal.gov/cdfnotes/cdf10878_topdil_xsec_9.1fb_v2.pdf
http://dx.doi.org/10.1103/PhysRevD.84.012008
http://dx.doi.org/10.1016/j.physletb.2011.09.046
http://dx.doi.org/10.1016/j.physletb.2013.02.021
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12006
http://cds.cern.ch/record/1462235?ln=en
http://arxiv.org/abs/1304.7961

DI Top quark — Recap

nx»r-»

ChS, |

» Strong interaction: Top pairs

ag annihilation gg fusion

Tevatron vs. LHC:
(1.96 TeV 7/18 TeV)

qq: ~85% ~15/13% (~10%, 14 TeV)
gg: ~15% ~85/87% (~90%, 14 TeV)

E A. Jung Inclusive top pair production in e/ final states




DO Top quark - Recap ¥ =

» Strong interaction: Top pairs ° [t is the heaviest fundamentdl

f particle discovered so far
< s top decay: t - Wb ~100%

t

t Top Pair Branching Fractions

< _t 46%
P o

aqg annihilation gg fusion vHjets 15%
wr A%
m\);f\l l\(:?’!\%lo 15%
Tevatron vs. LHC: Ve 15%
(1.96 TeV 7/8 TeV) dileptons
qq: ~85%  ~15/13% (-10%. 14 Tev) » Samples classified according
gg:. ~15% ~85/87% (~90%, 14 Tev) to W-decay: dilepton (££),

, dll jets

E A. Jung Inclusive top pair production in e/u final states



nx»r-»

chs, |

DB Top quark — Theory

° Inclusive cross sections test QCD calculations and enhance our
understanding of top quark production:

» Recently all channels included
* Real chadllenge to experiments:
> ~ 3.5 % for Tevatron
o ~4.4% (4.2%) for LHC 7 (8) TeV

» Search for new physics contribution

(Czakon, Fiedler, Mitov);
Phys. Rev. Lett. 110, 252004 (2013)

[arxiv:1303.6254]

Collider

Ttot [PD]

scales [pb]

pdf [pb]

10.110(1.5%)

1+0.169(2.4%)

Tevatron 7.164 _0.200(2.8%) | —0.122(1.7%)
= +4.4(2.6%) | +4.7(2.7%)

LHC 7 TeV | 172.0 | Z5's54m) | —as@s%)
+6.2(2.5%) | +6.2(2.5%)

LHC 8 TeV | 245.8 —8.4(3.4%) | —6.4(2.6%)

» Remark: Experimental determination of cross sections use theory
predictions at tree or NLO for extrapolation

E A. Jung

Inclusive top pair production in e/u final states



http://arxiv.org/abs/1303.6254

@ DD Accelercn‘ors

Vs=1.96 TeV Vs= -7/8 TeV

» Peak luminosities: 3 —4 x 10 cms™ » Peak Iumlnosmes 8 x 10¥ cm™s’
s ~10 fbo'!/experiment recorded » ~5 (25) fo'! /experiment recorded
@ Tevatron shutdown September 2011 o LHC consolidation/upgrades fill 2015

Big thanks to the Accelerator Divisi0§!

84
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é& DD Detectors i

ne>r-»

General purpose 4r detectors:

® Tracker: Detection and momentum measurement for charged particles
» Calorimeter: Identification and energy measurement of jets and electrons
@ Muon system: Identification and momentum measurement of muons

Bl

1
R i

u
=

» Tevatron: Similar calorimeter and tracker coverages
° [HC: Increased coverage compared o Tevatron

E A. Jung Inclusive top pair production in e/ final states



Do lechniques $;

nx»r-»

» Compare the observed number of events (N*#) with prediction

» Cross section is measured by counting events:
o=(N"_N"9/BR-A-g-L

s or by maximizing Poisson likelihood based on N using NP
L(O.) — P(Ndata’ Npred)

* One of the most important experimental technigues “b-tagging”:

Displaced ® b-quarks hadronize before 2\380‘%
Tracks . ' ~ B
\ decaying into a c-quark: >70
T — Long-lived B hadrons 360
i y decay some mm away £ 50 ;
\,’; — Neural Network and/or 540
Multi-Variate Analysis '_3‘30:_* —4+— p,>30GeV, | < 1.1
. i b P> 15 GeV, | < 2.
technigque o0l PR
< Jet 10-1 1

10
Fake Rate (%)

E A. Jung Inclusive top pair production in e/ final states



Dilepton channel &

» 579 candidate events in 9.1 fbo! with 155 expected background evts
s 246 candidate events with b-tagged jets in 8.8 fo' with 22 bg evts

—> |w/o b-tag: o(tt) = (7.66 + 0.44 (stat) = 0.52 (syst) + 0.47 (lumi)) pb~12.2 %
w b-tag: o (tt) = (7.09 + 0.49 (stat) + 0.52 (syst) + 0.43 (lumi)) pb~11.8 %

» Most precise prediction at NNLO+NNLL (MSTW2008nnio):  (czakon, Fieder, mitow):

Phys. Rev. Lett. 110, 252004 ](2013)

o 10.23 [arxiv:1303.6254
oroy = T7.247 55 (scales 4+ pdf) pb

CDF Run Il Preliminary (9.1 fb™) CDF Run Il Preliminary (8.8 fb™)

1600 _._[I)ATA """"""""""" — . C e DAITA | |
I B M E
- tt (c =7.4 pb) N - 6=74pb) . -
\ \ \ i [ wwiwzizZ i L T WWIWZZZ .. 2255802 -
Leading uncertainties: — I =L iy |
a bOCkgrOund modeling% 1@: ““ : % m:_ ...... -Fake ................................................................ _:
3 1 @ K ]
('l S-I- meqsuremen-l-> L%‘ Bmz N E Lﬁ 150:_ ....................................................................................................... _:
* b-tagging S00F ' 7 SR S .
(2nd measurement) S F— E
: _— :

0 jet 1jet >2jet  H,>200 +OS ° 1jet 22 jet

(H_>200 GeV + 0S)

E A. Jung Inclusive top pair production in e/ final states 9


http://arxiv.org/abs/1304.7961
http://www-cdf.fnal.gov/cdfnotes/cdf10878_topdil_xsec_9.1fb_v2.pdf
http://arxiv.org/abs/1303.6254

DI [+jets & dilepton channe/

I+jets final state in 5.3 fo: i PRD 84, 012008 (2011)
» Discriminant using topological
information 5 1o
» “Counting” by number of : o
b-tags -j’
» Combine both in likelihood fit : ,
(= fit uncertainties) PLB 704, 403 (2011) umber ofssgetiet
240 | (@ DO L=541"
:>j + ee+2jet
dilepton final state in 5.4 fo: 30 By 3
» Likelihood based on b-tfagging o0k L
discriminant disfribution :
(= fit uncertainties) 108
» Merges 2-jet events and 1-jet ol - j;
events (eu only) b-tagging NN discriminant
—>||+jets: o(tt) = (7.87 o) pb  ~9.1 %
II: o(tt) = (7.36 03%) pb ~11.5%

E A. Jung Inclusive top pair production in e/u final states 10


http://dx.doi.org/10.1103/PhysRevD.84.012008
http://dx.doi.org/10.1016/j.physletb.2011.09.046

D& lepton+jets channel

» Method: Kinematic fit of top £ | & DoPreliminary 871"
quarks, derived from differential ¥
Cross section
— see ftalk by Maria Aldaya
® Fvent selection: - 1 ;
, ) 0 100 200 300 400 500
® e- or y+jets-frigger H; [GeV]
9 Z 4 JeTS pT > 20 Gev’ | n l < 25 _8 200:_ (b) DZ Preliminary 9.7fb™
e Reconstructed e or p: G 150 L+jets
p.>20GeV, Inl <20(<1.1) 100"
E miss . 20 Ge\/ & additional 50
quality cuts C »
> 1 jet identified as b-jet s O =
« Good data-MC agreement g "; I ;LLIH

o Dedicated analysis with reduced —p
systematic uncertainties in progress

0 100 200 300 400 500
H; [GeV]

150

# Entries

100

50

Illlllllllllllllll

(d) DQ Preliminary 9.7fb™

Ratio
N

50

100 150 200
Lepton P [GeV]

150

# Entries

100"

50F

L (d) D@ Preliminary 9.7fb™

Ratio

il

100 150 200
Lepton P, [GeV]

I+jets: o (tt) = (8.27

‘os2) pb

~10.2 %

E A. Jung Inclusive top pair production in e/ final states
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DI  Summary at 1.96 TeV

» Single Most precise:
° ~/.1% (CDF)
* ~0.3% (D0O)

» Further reduction by
combination:

— see Talk by Serban
Protfopopescu

Tevatron Run I

CDF dilepton - o =i 7.09 £ 0.49 + 0.67 pb
CDF ANN lepton+jets - o 4 7.82+0.38+0.41 pb
CDF SVX lepton+jets [=j=@==ju] 7.32+0.36 + 0.61 pb
CDF all-jets @] 7.211+ 0.50+ 1.18 pb
CDF combined o=+ 7.63+£0.31+£ 0.39 pb
D@ dilepton e @] 7.36 = 0.85 pb

D@ lepton+jets ] 7.90+0.74 pb

D@ combined o= 7.56 £ 0.20+ 0.56 pb

8.8 fb™
4.6 fb™
4.6 fb™
2.9 fb™
<8.8fb™”
5.4 fb™
5.3 fb™

5.4 fb™

6 7 8

9
pp — tt cross section (pb) at\'s=1.96 TeV

* Most precise prediction af NNLO+NNLL (vstw2008nnio):
of® =7.247023(gcales + pdf) pb  ~3.5%

E A. Jung

Inclusive top pair production in e/u final states
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CMS, |

lepton+jets ar / [eV

» Method: Maximum profile
likelihood fit for NjeT, ngg and

secondary vertex mass (SVM)
@ Sensitive to HF contributions

@ Fvent selection:
@ Single e- or p-trigger
o 21]jetsip >35GeV, Inl <24
@ Reconstructed e or y;
P, >35GeV, Inl <2.5(<2.1)
° ETmiss > 20 Gev & additional

quality cuts

° > | jet identified as b-jet

E A. Jung Inclusive top pair production in e/ final states



" lepton+jets at 7 TeV
e data B B single Top [l W+b-jets e data [ [ [ single Top  [[] W+b-jets
ol MeThOd MOleum pI’OfI|e B W+cjets [ |W+LFjets [ Z+jets [ Jacp B W+c-jets |:|:N+LF-jets B z+iets [ Jacp
|Ike||hOOd fIT for Nje-l-’ NTOgg Ond CMS Ns=7TeV 2.3 fo”" of Muon Data CMS Ns=7TeV 2.2 fs"! of Electron Data
: (o)) (o)) (o] (o] 104? o (@] D D ()]
secondary vertex mass (SVM)  w., & & & & & o B B & & B
* Sensitive to HF contfributions 3 J8 2 S 8 8 Sz o Tl TR D S
o 10°F © ‘
% - % 0%
s Event selection: ) o
ot Single e_ Or H_Trigger : ” ” Secon‘ijoaw Vertex5|$/|ass (GeV) i ” ” Seconsdoary Vertex5l$/lass (GeV)
> 'l J'e-I-S. p > 35 Gev I r] | < 2 4 CMS \s=7TeV 2.3 fb"' of Muon Data CMS Ns=7TeV 2.2 f” of Electron Data
_ T l e s & g o 5 B g g g
® Reconstructed e or S~ s ¥ S| p p p p
p.>35GeV, Inl <2.5(<2.1) 8 S o S R 4 W %
e 102E 2
o E™ >20GeV E g
10
> | jet identified as b-jet o :

0 50 50 50
Secondary Vertex Mass (GeV)

@ Theory prediction: iarX|v:1303 .6254]
o(tt) = 172.0T 5 3(scale) T4 %(pdf) pb

0 50 50 50

Secondary Vertex Mass (GeV)

Phys. Lett. B 720 (2013) 83

o (tt) = (158.1 + 2.1(stat) + 10.2(syst) = 3.5(lumi)) pb

~6.9%

E A. Jung Inclusive top pair production in e/ final states 14



http://dx.doi.org/10.1016/j.physletb.2013.02.021
http://arxiv.org/abs/1303.6254

CNS, |

« Al’rerno’rlve analysis using different
selection cuts and amounts of
luminosity:

» Al: No use of b-tagging, no E™

o 24 jetfs: p. > 30 GeV
° p (e.p)>35GeV (26 GeV)

s A2: Kinematic info of fop decays
@ Similar selection as reference

Theory prediction: [arxiv:1303.6254]
o(tt) = 172.01 5 5(scale) 75X (pdf) pb

10000

Events/30 GeV

Qo
o
o
o

6000

4000

2000

+3.5 (lumi))pb  ~9.2 %

+3.6 (lumi))pb  ~7.0 %

Al o(tt) = (159.7 + 2.6 (stat) 32 (syst)

A2: o (tt) = (162.4 + 5.4 (stat) 75, (syst)

lepton+jets ar / [eV

Phys. Lett. B 720 (2013) 83
CMS Preliminary\s = 7 TeV, [ Ldt = 4.9 o (), 4.6 fb'(e)

Bt f .
I Single Top -
I W/Z + Jets
[ 1QCD
- Data

Electron

o I T | I I I ‘ [ I ‘ I [ | I [ | [

200 400 600 0 | 200 400 600
M3 [GeV]

Al: Three Jet combination
with highest jet p_in event

E A. Jung Inclusive top pair production in e/ final states 15


http://dx.doi.org/10.1016/j.physletb.2013.02.021
http://arxiv.org/abs/1303.6254

Summaryat/1eV__ .~

— CMS Preliminary,Ns =7 TeV
ATLAS Preliminary 12 Sep 2013

NNLO+NNLL (top++ 2.0)
PDF4LHC m, = 172.5 GeV

Data 2011,\s = 7 TeV scale uncertainty

scale+PDF uncertainty CMS e/u+jets 158+ 210+ 4
——  stat. uncertainty Phys. Lett. B 720 (2013) 83 (val. = stat. = syst. = lumi)
; — total uncertaint - Let. ~x Stdl = Syst. = M.
Channel & Lumi. ; o, Hstat) +(syst) +(umi) (L=2.2-2.3/fb)
Single lepton  0.70 fb™ -—-au—- 179+4+9+7 pb

CMS dilepton (ee,uw,ew) 162+ 2+ 5=+ 4

Dilepton 0.70 fb -—---—- 173+6° 1% "5 pb JHEP 11 (2012) 067 (L=2.3/b) (val. = stat. = syst. = lumi.)
All hadronic . 167 £18+78+6 pb
1.02 fb™ . e

CMS all-hadronic 139 +10+x26+ 3
Combination 177+ 3 + g +7 pb arXiv:1302.0508 (L=3.5/fb) (val. = stat. = syst. = lumi.)

. —@
Single lepton, b —> Xjv  —eeem 165+ 2+ 17 + 3 pb CMS dilepton (et ,ut) 14314222+ 3
4.66 fb-1 FLhyzs.;:s)v. D 85 (2012) 112007 (val. + stat. + syst. + lumi.)
Thag T JELS 1.67 fb” o 194+ 18 £ 46 pb
1,4+ lepton  2.05fb" — 186+ 13+20+7 pb CMS v+jets 152£12+32+ 3

arXiv:1301.5755 (L=3.9/fb) (val. = stat. = syst. + lumi.)
All hadronic — 168+ 1220+ 7 pb |

-1 : [ NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254
4.71fb | | : | | | = Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
50 1 00 1 50 200 250 300 350 [ Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097
C— NLOQCD
| | | | |
G. [pb
tt [p ] 0 50 100 150 200 250 300

oft) (pb)
» Further reduction by combination

— see Talk by Serban Protopopescu
@ Most precise theory prediction by Czakon et al.; ~ 4.4 %

E A. Jung Inclusive top pair production in e/u final states 16



CMS, |

lepton+jets atf 8 IeV

» Method: Template fit to M _ CMS-PAS-TOP-12-006
CMS Preliminary 28fb"at {s=8 TeV CMS Preliminary 2.7fb"at (s =8 TeV

invariant mass distribution §7°°+ Tsoor @ om

» Event selection: 2 " “F 18,0 T i
H H 2 500 Background B % B Background

s Single e- or p-trigger 5 | Moeewsrons 4 5 Woecroreuna

L 400 Fit *ndf=019 7 LI 300~ Fit y*/ndf=0.25

o 24 jefs: p(1.2) >45GeV,
0.(3.4)>35GeV, Inl <25
» Reconstructed e or p: o

0 . 0 .
0 50 100150200250 300 350400450 500 0 50 100 150200250 300 350400450 500
P, >30(26) GeV, Inl <2.5(<2.1) Tt o s
* > | jet identfified as b-jet
Systematic Combined fit
b0 (%)
| Jet Energy Scale +4.3tt -5.0 ||
Jet Energy Resolution +05  -11
Pileup +0.7 0.7
' ' . Background Composition +0.1 -0.1
Theory pl’ed |CT|On : [arXIV- 13036254] W + Jets templatcr’e shape from unweighted 7 TeV | +0.9 -0.9
LB 27 +6.2 Normalisation of data-driven multijet shape +0.9 -0.9
U(tf) — 245 '8——8 A (b‘(ja.le) - (pdf) pb I b tagging efficiency measurement +8.0 -8.0
' ' %rigger Efficiency +32 28
Lepton selection +28 24
Factorization scale (*) +6.2 -2.1
- 9.0 I\/IE-I;D%II\:/[atching threshold (*) +=11.6 -3.1
> —_ +29. uncertainties (*) +1.6 -2.0
o (tt) - (2284 T 9 (Sta’t) -26.0 (SySt) Top Quark Mass (*) +03  -14
+ I —_ 0 Total 127 414
— 10 (I um I)) pb 13 /0 Luminosity +4.4 4.4

E A. Jung Inclusive top pair production in e/ final states 17


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12006
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP12006
http://arxiv.org/abs/1303.6254

__dilepton at 8 TeV

aExTremer clean, very highpurity - CMSPAS-TOP-12-007

* Method: Counting 5 S e R e ER: 2500?3? fféﬁ';rﬁ'n”e?? JH-— ?
. w %°00 2410 pb!, (s=8TeV EXR// E = [ 2410 pb!, {s=8TeV EYV\V,

2 EvenT SeleCTlOn: 3000 , H Non W/Z leptons é 2000} , I Non W/Z leptons —:

H t signal . B B it signal

e Single e- or p-trigger
o 22jefsip >30GeV, Inl <2.5

@ Reconstructed e or y:
. > 20GeV, Inl <2524

foree, pyu: Imdl-H) 1 > 15 GeV

1500

. % 16 ; ‘ % 1.6 ; Lo A
o E™S > 40 GeV (ee, AR . i | E—————
T ( IJ“> 4 o AT iy e “ e
> ] jet identified as b-jet § T 8
b-tagged jet multiplicity b-tagged jet multiplicity
Source up  ee ey
T . Trigeer & Lepton efficiencies (ID, Iso) 22 25 1.9
Theory prediction:[arxiv:1303.6254] e ———
_ ogr @1+6.2/, +62 | IES 35 29 23 |
o(tt) = 245.87¢%(scale) T¢4(pdf) pb = 2o 272
B-tagging 09 13 038
pileup 15 19 14
- Branching ratio .7 17 L7
> — + + Event Q2 scale 0.7 07 07
O-(tt) (227 - 3 (Stat) - 11 (SySt) Matching 07 07 D7
+ 10 (Ium|))pb ~7%0 Total Systematic 52 51 43
Luminosity 44 44 44

E A. Jung Inclusive top pair production in e/ final states 18


http://cds.cern.ch/record/1462235?ln=en
http://arxiv.org/abs/1303.6254

Y. lepton+jets at 8 Te\/ e«

» Method: kinematic fits with il _ A0°

o] n
3 T ATLAS Preliminary J' i e i - ATLAS Preliminary J' o
: : o S , i S 40 : Ldt=58"b
b-tagging, fit to likelihood 2 5 pga ©23Jets ) o gy g L pge  weR3jets ) gy
i i i S C [ ] WaJets Il Multijet S 6-[ it W.rJets Il Multijet
dISCI’ImIﬂOﬂT (lepTon r]' & 4;' |Z+Jets [ Single Top Dibosons “ L B Z+Jets [ Single Top Dibosons
Aplanarity A'): i ' :
LS
1
Di = Ky b
(LF + 1P

@ Event selection:
@ Single e- or p-trigger

s 2 3jetsip >25GeV, Inl <2.5 ?9 B
® Reconstructed e or ; % ///WWW %0; W)
p. > 40 GeV, 2™ e (u) vetoed S i T
' 0 0.2 0.4 0.6 0.8 1 -3 -1.8 -0.6 0.6 1.8 3
o E™ > 30 (20) fore () GeV & A muon

- e M (W) > 30 GeV
- W (M (W) + E™) > 60 GeV
> 1 jet idenftified as b-jet

& additional
quality cuts

E A. Jung Inclusive top pair production in e/u final states 19


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-149/

A
T
L
A

lepton+jets at 8 TeV *===

» Method: kinematic fits with S16000C ATLAS Preliminary j CATLAS Preliminary J'
@ Ldt=5.8fb" ]3180007 Ldt=5.8fb"
b—TQgg g/ f|'|' '|'O ||ke||hood 514000_— . Data ©*>3Jets Vs=8TeV | E L o Data H#23Jets Vs =8 TeV
discriminant (lepton n " i Widets  EMutiet | GO0 g Wedets [ Mutiet
’ 12000~ g 7+ Jets [ Single Top Dibosons 14000 [ Z+Jets [l Single Top Dibosons
AplonoriTy A): 10000 12000 ‘
I 8000, 10000[
D,‘ = : p sooo: 0
S L C
(Li -+ Li ) soool 6000
i 4000
2000¢ 20001
@ Discriminant nicely described - o
° Systematic uncertainties: g £ 4
» Relative 13%, dominant ones: /% f guy
— Signal model : 1{%// ' ////%/ : OQ%W/W
— Jet/MET reco. & calib. 0050 0SS 0T 0E 08 1 0 0T 020404 0505070508
Likelihood Likelihood
Source e+ >3 jets u+ > 3jets combined
QCD at NNLO+NNLL:252. 9+1 pb [Jet/MET reconstruction, calibration 6.7,-63 54,-46 59,-52 |
14. i Lepton trigger, identification and reconstruction | 2.4, -2.7 4.7, -4.2 2.7,-2.8
= Background normalization and composition 1.9, -2.2 1.6,-1.5 1.8,-1.9
> O-(tt) — (241 - 2 (Stat) - 31 (SySt) b-tagging efficiency 1.7,-1.3 1.9,-1.1 1.8,-1.2
. IMC modelling of the signal =12 =1 B 11 I
+ 9O (Iuml))pb ~139% | Tom 114 FRE TNE
E A. Jung Inclusive top pair production in e/ final states 20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-149/

>r-p»

Y. dilepton (ew) at 8 Te

ATLAS-CONF-2013-097

» Extfremely clean, very high purity
» Method: simulfaneously determine
o(th) and the efficiency to
reconstruct & b-tag jets
N1 = Loy EeyzEb(l — Cpep) + N?kg

2 bkg
Ny = Lo €eu Crep” + N )

€cu @ Efficiency to pass e
preselection

€p °* Combined probability for
ajet from - Wqgto be
within acceptance,
reconsftructed as jet
and b-tagged

C» o Correlations between two

b-tagged jets

E A. Jung Inclusive top pair production in e/ final states
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b1

» Extfremely clean, very high purity

y

>r-p»

dilepton (eu) at 8 Ie

ATLAS-CONF-2013-097

* Method: simulfaneously determine o
o(tt) and the efficiency to €ey @ Efficiency 10 pass ey
reconstruct & b-tag jets B o prebsle@ghonb ity

B ] bkg b ° Combined probability for
— L e 2 1 ol ChH !
N Tii €qu2€p(1 = Coep) + N, a jet from - Wqto be
No = Lag E@HC[)E[;Q + Nl;kg within acceptance,
reconsftructed as jet
— reduces related systematic C and b-tagged
uncertainties | b @ Correlations pe’rween two
b-tagged jets

@ Event selection:
@ Single e- or p-trigger
o 21jetsip >25GeV, Inl <25

@ Reconsfructed e and u with
P, >25GeV, Inl <2.5

o 1 or 2 jets identified as b-jet

E A. Jung Inclusive top pair production in e/u final states 22
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>r4>

dilepton (ey) at 8 e

° Extremely clean, very high purity e
* Method: simulfaneously determine S Fromerer okl ey gy
o(tt) and the efficiency o Sh, S
reconstruct & b-tag jets Zromeer < '
100001 | Alpgen+HW B
bke [ 3]
Nl = L(T[f E@yzEb(l — CbEb) + Nl & 5000; —E 10
bk : —
N> = Loy Ec?/.tcbebz 5 N2 N 2 12¢ | -
F R S I T E E : -
- reduces related SYStemth e : : I_é_ - '_011 02 03 04 05 06 07 08 09 1

b-tag weight

uncertainties !

g 7000;7” T e TR L ATLAS Prellmmary X i E TDUOEU B T TR ‘,‘q_‘lnl_,alﬂ.,lsl ‘Plnlgfirlni‘n‘;_l;r;-l B
o 5000; V5=8 TeV L=20.3 ' é S sooof ys=8 TeV L=20.3 fb
% & ® Data 2012 1 a F ® Data 2012
. 5 5000:— E {/t\i fowhegm\' = § 5000; E E:EV fowheg+PY
[ w — g | B =
@ Fvent selection: a000F- e el 3 % s e =
. . 30005_ mm Fake lepton _E 30005 = F;k?@%m
s Single e- or p-trigger i — Pounecry - — Pounegsey
F = MC@NLO+HW 3 F — MC@NLO+HW
> 1jets: p.>25GeV, Inl <2.5 A
- J ' pT / r] ' 1000F = moof
' O: | | | C
@ Reconstructed e and p with Q G T g B
8 Lo-he®e g gl il D 8 L e t—.—ﬂ—&-.-’#ﬁ—
P, >25GeV, Inl <2.5 8 e FRLe 5 #ﬁi
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

o ] or 2 jets identified as b-jet Nuon p, [GeV] Electron p, [GeV]
ATLAS-CONF-2013-097
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dilepton (eu) at 8 e\~

Uncertainty Aeyuleqy  ACy/Cp | Aog/os Aoy | Aep/ep
(%) (%) (%) (pb) (%)
Data statistics - - 0.72 Kok 0.57
|7 modelling 0.91 -0.61 1.52 3.6 | 0.61]
Initial/final state radiation -0.76 0.26 1.23 2.9 0.37
|Part0n density functions 1.08 - 1.09 2.6 0.06 |
QCD scale choices 0.30 - 0.30 0.7 0.00
Single-top modelling - - 0.38 0.9 0.56
Single-top/tt interference - - 015 0.4 0.25
Single-top Wt cross-section - - 0.70 96 0.24
Diboson modelling - - 0.42 1.0 0.19
Diboson cross-sections - - 0.03 0.1 0.01
Z+jets extrapolation - - 0.05 0.1 0.02
Electron energy scale/resolution 0.43 0.01 0.48 (3] 0.03
|Elect1‘on identification/isolation 1.28 0.00 1.42 3.4 0.05 |
Muon momentum scale/resolution 0.01 0.01 0.05 0.1 0.02
Muon identification/isolation 0.50 0.00 0.52 1.2 0.01
Lepton trigger 0.15 0.00 0.16 0.4 0.01
Jet energy scale 0.46 0.07 0.49 1.2 0.11
Jet energy resolution -0.44 0.04 0.59 1.4 0.08
Jet reconstruction/vertex fraction 0.02 0.01 0.04 0.1 0.01
b-tagging - 0.13 0.42 1.0 0.09
Pileup modelling -0.30 0.05 0.28 0.7 0.05
Misidentified leptons - - 0.38 0.9 0.12
Total systematic 2.29 0.69 3.12 7.4 1402
Integrated luminosity - - 341 7.4 0.11
LHC beam energy - - 1.70 4.0 0.00
Total uncertainty 2.29 0.69 4.77 113 | LiJ

Event counts N N>
Data 21539 11682
Wt single top 2070 £ 220 360 + 120
Dibosons 120 £ 90 320
Z(—> 1T > eu)+jets 210 £ 10 S+1
Misidentified leptons | 240 + 70 110 £ 60

Total background

2640 £ 250 480 + 140

» Most precise measurement:

° 4.7 % uncertainty
® Dominant ones are:
- Signal model, e-ID, PDFs
— Largest: Luminosity & beam

» Theory prediction: o(it) (NNLO+NNLL):

®252.9*17 pb

@ 5.5 % uncertainty
o Includes scale, o and PDF

There is an uncertainty of 0.66% on the beam energy,
translating to a 1.7% uncertainty on o(tt)

s

o(tt) = (237.7 £ 1.7 (stat) + 7.4(syst) = 7.4(lumi) + 4.0(beam energy)) pb
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CMS

Summary at 8 eV

CMS Preliminary,N's = 8 TeV

ATLAS Preliminary 12 Sep 2013

Data 2012 \'{_ =8TeV i e NNLO+NNLL (top++ 2.0)
’ PDF4LHC My = 172.5 GeV

scale uncertainty

Channel & Lumi. scale+PDF uncertainty CMS prel. (e/u+jets) 228+ 92 +10pb
TOP-12-006 (L=2.8/fb) (val. = stat. = syst.+ lumi.)

—e@—

stat. uncertainty
total uncertainty

o; Z(stat) £(syst) £(lumi) =(E

)

beam

Single lepton 5.8 fb"! ———e——1  241+2+31+9pb CMS prel. (ee,uu,en) 227+ 3+11+10pb
TOP-12-007 (L=2.4/fb) (val. = stat. = syst. = lumi.)

Dilepton (en) 20.3fb" e 238+2+7+7+4pb
(£l ]
CMS prel. combined 227 + 3+11+=10pb

(val. = stat. = syst. = lumi.)

| | | | | |
100 150 200 250 300 350 400 [0 NNLOYNLL O, Ceakon o, arkic1303.6254 201)

Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)
] Approx. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5869 (2011)
G — [p b] [ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
tt [ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

0 100 200 300 400

. . . o(tt) (pb
» Further reduction by combination (tt) (pb)

— see Talk by Serban Protopopescu
@ Most precise theory prediction by Czakon et al.; ~ 4.2 %
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ChS, |

Conclusions  °

ner-=»

* Presented recent cross-section measurements at Tevatron & LHC

* fevatron: - Results are in good agreement with theory
o | HC: — All results at 7/8TeV are compatible between exp.
and theory
- High precision measurements @8 TeV despite the
higher pile-up environment compared to /7 TeV
— Most precise measurement to date in dilepton
channel by ATLAS
- Challenging theory predictions

Outlook:
* Final results to come from Tevatron very soon
> More high precision results to come for LHC

E A. Jung Inclusive top pair production in e/u final states 26



DY Additional materialy:
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lepton+jets af 8 eV

e+>3 jets u+>3 jets
i 310007570 440004000
W+jets 5700+2400 90004000
Multijet 1900+ 900 1100+ 500
Z+jets 1400+ 600 1200+ 500
Single top 3260+ 160 4610+ 230
Dibosons 115+ 6 158+ 8
Total Expected | 43000+4000 61000£6000
Data 40794 58872

Events / 10 GeV

12

10_ B z+Jets [ Single Top

x10°

- = Data

:_I:Iﬂ

[ ATLAS Preliminary

+>3 jets

Wlets

Ldt=58fb"
{s=8 TeV
[l Multijet
Dibosons

Events / 10 GeV

12:-<103
| ATLAS Prelimina p
i e | Ldt=5.810"
« Dils e+>3 jets s=8TeV
10 g Widets [l Multet
" B z+Jets [ Single Top Dibosons
8

- Z

s | s f
1'2' P = r ; ;
pE————  Eam—
8 o8 ' E 0sf
1 1 Iz 5 | : L L ! 1 ! ! L 1 ! 1 1 1 'u ! A Feld L
0 40 80 120 160 20 0 40 80 120 160 200
E.rr‘E'IISS [GEV] E_I'I‘I:IISS [GEV]
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CMS

lepton+jets ar / [eV

tt Singlet W+b W+c W+LF Z+jets ce b-tag JES Mistag
tt 1.00 —0.13 —-048 0.33 0.03 0.07 —-0.07 -0.70 —0.81 0.00
Singlet —0.13 1.00 —-0.52 0.04 0.03 —0.03 0.06 —0.08 0.09 —0.00
W+b —0.48 —{.52 1.00 0.05 0.13 —0.16 0.27 0.26 042 —0.02
W+c 0.33 0.04 0.05 1.00 0.01 0.15 071 -038 —-026 —0.02
W +LF 0.03 0.03 0.13 0.01 1.00 —0.19 021 003 005 083
Z + jets 0.07 —0.03 —-0.16 0.15 —0.19 1.00 023 —-0.01 -0.10 0.01
cQ2 —0.07 0.06 0.27 0.71 0.21 0.23 1.00 —0.02 015 —0.02
b-tag —0.70 —0.08 0.26 —0.38 —0.03 —0.01 -0.02 1.00 043 —0.02
JES —0.81 0.09 042 —0.26 —0.05 —0.10 0.15 0.43 1.00 0.01
Mistag 0.00 —0.00 —-0.02 —-0.02 —0.83 0.01 —-0.02 —0.02 0.01 1.00
Fit parameters Electron +jets Muon +jets Combined
oz (pb) 160.6 6.6 1642+55 1581441
Single top 1.05+010 1.08+010 1.1740.10
W +Dbjets 1194036 095+018 1.28-410.16
W + cjets 1.54+015 148+0.05 1.5540.04
W + LF jets 0204008 0571007 B5210.06
Z + jets 1.124+029 1084029 145+0.29
co? 1.02+0.16 094=x0.06 1.05+0.05
b-tag 095+0.01 097£0.01 096+0.01
JES 1.00+0.02 098+0.01 1.0040.01
Mistag 1.00£0.10 1.00£0.10 1.0040.10

Phys. Lett. B 720 (2013) 83
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