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Lﬂs Tevatron (pp) 2TeV 2.08pb 0.25pb |.05pb 7.08pb
§ 7TeV 64.6pb 15.6pb 4.59pb 172pb
LHC (pp) 8 TeV 87.6pb 22.2pb 5.55pb 249pb
14 TeV 248pb 84.8pb | 1.9pb 954pb
(%3.2) (%3.8) (x2.1) (%3.9)
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t channel: ATLAS =
[} g B
b
400><103
. -l 0 [ ATLAS preliminary | L dt = 20.3 b 158 TeV
o ATLAS: new update with 20 fb"' at 8 TeV,NN S [ SR o data
. . . . e . . ~ L [ t-channel _-
analysis using 14 discriminating variables 2 300: B G Wt s ahanmel -
. . . o - [ Wijets
¢ Signal selection: one e or u, 2jets-Itag events 3 g} [ Z+jets, diboson
I Multijet ]
e Multijet background rate determined from 100 7 vengen@nrinter
data (ME fit) i
* Fiducial cross-section determined within . 2 :
detector acceptance: %Ej& [ i
o -0.2 r
° 0, /4 =337 £ 0.05 (stat) £ 0.47 (syst) ° 0 02 04 06 N?\.180utput1
+ 0.09(lumi) pb ATLAS-CONF-2014-007,
Presented for the It time
Largest systematics: jet energy scale, S|gnal in this conference
r-rr*rrr~*1r "~ T 1T 7
generator (ACERMC vs aMC@NLO) ATLAS Preliminary | L dt =20.3 fb" 15=8 TeV
. . ATLAS result b -
Fiducial volume: [Jstat. ®sys. []stat. :
- Predicted fiducial cross-section: :
Object Cut aMC@NLO(2—53)+Herwig st
Electrons pr > 25 GeV and [g| < 2.5 Powheg(2—3)+Pythia6 I—H
Muons pr > 25 GeV and || < 2.5 Powhea(2—s3)+Pvthias :
Jets pr > 30 GeV and Jf] < 4.5 owheg(2—3)+Pythia . H
pr>35GeV,if2.75 < |p| <3.5 |Powheg(2—2)+Pythiaé ——H
Lepton (), Jets (j;) AR(¢, j;)) > 0.4 AcerMC+Pythiaé u=172.5 GeV b——a——
ET™ ET™ > 30 GeV AcerMC+Pythia6 p=60 GeV ——————
Transverse W-boson mass mp(W) > 50 GeV ' I T T T T
Lepton (£), jet with the highest pr (ji) pr (€) > 40 GeV (1 — =A241A) 1.5 2 25 3 3.5 4

ol [pb]



t channel; ATLAS

e Extrapolated to the entire phase space using various

generator assumptions

e Assuming aMC@NLO + Herwig:
° G, = 82.6 + |.2(stat) £ | 1.4(syst) £ 3.1(PDF) * 2.3(lumi) pb
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ATLAS Preliminary

Data corrected with
acceptance correction from:

aMC@NLO(2—3)+Herwig
Powheg(2—3)+Pythia6
Powheg(2—3)+Pythia8
Powheg(2—2)+Pythia6

AcerMC+Pythiab u=172.5 GeV

AcerMC+Pythia6 u=60 GeV
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«10° CMS, Vs =8 TeV, L = 19.7 fb”, muon, 2-jet 1-tag
T

¢ Data
B t-channel
O, tw, s-channel
B W/Z+jets, dibosons
] QCD multijet
Syst. uncertainty

Events/0.25
w\
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t channel: CMSQZE

o
e (CMS: updated 8 TeV analysis with the entire » _
5 dataset .
. . . 1 -
* Signal region: one e or y, 2jets-|tag events, ]
reconstr. top mass window: | 30<m, <220 GeV 05 s 1 15 2 o5 3 ogp 4rels—g
. - . In,|
e Shapes for W+jets and tt are determined from t-channel single top quark production K

LA B B B L L L L B L L L L B L

control regions in data (m,,, SB, 3jet-2tag)

 Signal, W+ijets, tt yields determined from a fit to
the |n,| distribution

W Q tch = 83.6 + 2.3(stat) + 7.4(syst) pb
\$ Rgy = 1.24 + 0.08(stat) + 0.12(syst)
o Largest uncertainty: signal modeling (POWHEG -
vs COMPHEP), jet energy scale i3 { Saobat st als HER 10 G000) 048

NLO+NNLL QCD = (scale ® PDI ;
Kidonakis, Phys. Rev. D 83 (2011) 091503

¥ CMS,L=19.7 fb™!

¢ CMS, L =1.17/1.56 fb™!
Y DO,L=9.7 fb"

4 CDF,L=3.21fb"
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¢ LHC Combination: (TOPLHCWG, using BLUE), using 102 CMS, ¥ = 8 TeV, L =19.7 fb *, muon, 24et 1-tag
preliminary result (CMS PASTOP-12-011, ATLAS- S T T T T T
[ - .
CONF-2012-132) : SO | ;?ifam.e. E
+ + i % C [, tw, s-channel ]
Oreh _88?5 +4|'(25tat|::)) I(SYSt) a 3(|uml) Pb T 08 [ WiZ+jets, dibosons —]|
- P :>j C []QcD multijet ]
e To be updated with latest results! 0.6F Ksyst. uncertainty 7
0.4 .
CMS-PAS-TOP-12-0H~> to be sub. to JHEP 02 |1”|j,| >2.5_:
LHC combination: ] in o o .
CMS PAS TOP-12-002/ATLAS-COM-CONF-2013-06 | e R T R R T

m,,, (GeV)



t channel: distributions

* The t-channel data sample is large enough to study
distributions

o => differential cross sections
 Signal can be enhanced by requiring e.g.: large forward jet
pseudorapidity: 1), > 2.0

CMS Preliminary, 5.0 fb™!, Vs = 8 TeV CMS Preliminary, 5.0 fb™, Vs = 8 TeV
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lepton charge
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muon charge cosH*
Top/antitop Top polarization
cross-section ratio (WV helicity, CMS PAS TOP-12-020)

[11 8 *, = angle between lepton in W rest frame and the W in top rest frame.
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Charge ratio

o 7TeV (ATLAS):
o o,(t) =532 10.8 pb, o,(t) =
o R =c(t)/o(t) = 181702,

t

29-5 +7.4_75

pb

7 TeV: ATLAS-CONF-2012-056
8TeV : EMS-PAS-TOP- 12038

= to be sub. to JHEP

> Main systematics on R: background normalization (multijet from data, other from MC), JES

. 8TeV (CMS):
(t) = 53.8 + | .5(stat) + 4.4(syst) pb, o,(t

)=

27.6 £ |.3(stat) + 3.7(syst) p

6,(t)/(t) = 1.95 + 0.10(stat) + 0.19(syst)

> Main systematics on R.: PDF uncert., signal modeling

e R, potentially sensitive to PDF

)
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» Approaching the precision necessary to discriminate between different PDF models

R,

t-ch.

CMS,L=19.7fb", (s =8 TeV
lIlIIllllIllllllllIIlllllIIIIIIIIIIIIIIIIIIIIIIII T T T l 1 T T I T T T I T T 1 I ! T E |
ATLAS Preliminary f Ldt=4.7fb" \s=7 TeV CMS L
. 1.95 = 0.10 (stat.) = 0.19 (syst.) U
ATLAS result i + ' + ABMA 1 E .
ABKMO9 ——i CT10 —
NNPDF 2.1 P CT10w . .
MSTW2008 P ——i ;
HERAPDF e 1
GJRo8 ; —— :
CT10 (+ DO W asym.) ——t MSTW2008 N
CT10 b —e—y NNPDF 2.3 —_—
llllllllllllllllllllllllllllllllllllllll 1 1 1 l 1 il 1 l L 1 1 I 1 1 1 I 1 1 : l L 1 1
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Top polarization

» Regularized unfolding of cos6™ distribution, after selection based on BDT
discriminant, removes experimental effects

e First of several possible differential cros

800_— e data

s-channel
W

tt
600 — @MDY
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i~ CMS preliminary Vs = 8 TeV, L = 20 o'
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CMS-PAS-TOP-13-001 INEN
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s-section measurements

L CMS preliminary s = 8 TeV, L = 20 fo”' i

- A =0.42 + 0.07 (stat.) £ 0.15 (syst.) 1

2001~ « ynfolded data ]

L MW generated (POWHEG) i

I v/ generated (CompHEP) -

1001 e .

LT muons -

O_ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 |

-1 -0.5 0 0.5 6*1

Ccos

N(T) —N{)
N1t +NW{)

o Top spin asymmetry: A, = 0.41+ 0.06(stat) + 0.16(syst)
* Top polarization: P, = 0.82 + 0.12(stat) + 0.32(syst)



7 TeV:ATLAS Phys.Lett.B 716 (2012) 142-159, /)

CMS: Phys.Rev.Lett 110,022003 (2013) INFN
. 8 TeV: ATLAS-CONF-2013-100, L./
tW P ro d u Ctl O n CMS: PAS-TOP-12-040 arxiv:1401.2942 E)-’ PRL) "
b

¢ Background limited analysis; BDT discriminant t
used by both experiments oS, Vs =8 TeV, L2200 N
 Evidence at 7 TeV reported by s00F =
r Z/y*+jets
both ATLAS and CMS 500 M Otrer oy |
° . *24002— —
8Tev. ”0“’? Lq>uJ3005— _f
o CMS (12.2fb™): (,Q/'l/ oo 3
=23.4"5; ,pb 9, = :

Cew — /0 100F 4
6.1 obs. (54*'5|4c5exp) 7 ¥
Main systematics: ME/PS matching, 0408 02 01 0 Pliseritanart
ren./fact. scale, top-quark mass (could e leryﬂt """" £
be replaced by x-sec. slope) 1200 - 8TeVJLdt 231" m
. ATLAS (20,3 foo o
Gy = 27.2 £ 2.8(stat) + 5.4(syst) pb b 4 cneetny S
4.26 obs. (4.0 exp.) 400F- =
Main systematics: b tagging, tt 2005 E

C modeling, ISR/FSR o 19
| N )Y 77
? B i
-0.4 -0.2 0 0.2

BDT Résponse



q f  7TeV:ATLAS-CONF-2011-118 )

W+ 8 TeV: CMS-PAS-TOP-13-009 INF
s channel
q’ b

(g
o ATLAS:7TeV upper limit:6__, < 26.5 pb = 5.8%c>", 95%CL
° cut-based analysis, 201 | result using 0.7 fb-!
: o CMS:8TeV upper limit:o_, < | 1.5 pb = 2.1x5>" 95%CL
&\i&) e Assuming SMsignal:c__, = 6.2*%% . pb (68% FC interval)

o BDT analysis, sensitivity still limited (0.96 exp, 0.7c obs), mainly
by theory systematics

» Keeping under control uncertainties like renorm./factor. scale
could bring an important reduction to the uncertainty:

o use NLO MC for tt- background in future studies

10

CMS Preliminary, 19.3 fo, Muons, \s = 8 TeV

) — . . T . . . I . . —
8 B ] edata < | ATLAS Preliminary 0.70 fo' @ 7 TeV |
o L - ) 2 jets 1-tag
~ 1000 [Is-channel > -
= L 1 Wt-channel < 1000} ATLAS data
g B ] () i B single-top s-channel
w 800 Ctw = single-top Wt
© —
B 104 o @ single-top t-channel
r . i © @R top pairs
600 ] .Z+j'etS c i @ W+heavy flavour
C 1 EW+ets @© L Walight jets
B 1 WDiboson O 500 Diboson
400 . i I Z+jets

10QcD
[ ]Syst. unc.

» ‘ 200 - 4 NRate syst. C .
90.7 -0.6 :0.5 -04 -03 -0.2 -0.1 0 0.1 0.2 2 4
BDT Discriminant

AR (jet1, jet2)

B Multijets
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|V..| from single top =
e The |V, | measurement in single-top events provides a unique opportunity to
L directly probe the top production Wtb vertex: |V,.| = (c/c*"(jv,| =1))'?, assuming

[Vl 2 |Vils [Vl Or equivalently B(t—Wb) = |

> Deviations from the SM are potentially sensitive to new physics
e Eight measurements in the t channel and in tWV, the latter with less precision

(o ATLAS: ae

o TTeV: |Vy| = 1137004 (t-ch., 1 1.9%)
V| = 1037016 o (W, 17.0%) Q&Q
o 8TeV: |V, | =0.97£0.01 (stat) "% , . (syst)+0.6(gen+PDF)*002 ' (th)£0.0 I (lumi)
= 0974009 (t-ch., 9.8%)
V| = 1.10£0.12(exp)£0.03(th)  (tW,11.2%)

¢ CMS: \\‘c“\
o 7TeV: |V,| = 1.020 + 0.046(exp) + 0.017(th) (t-ch. 4.8%) :|— V| = 0.998 + 0.038(exp)

V| = 1017016 ) (exp)*093  ou(th)  (EWV, 14.8%) + 0.016(th)

o 8TeV: |V, = 0.979 + 0.045(exp) + 0.016(th) (t-ch. 4.9%) (7+8TeV t-ch., comb.: 4.1%)
V,y| = 1.03 + 0.12(exp)0.04(th) (EW 12.3%)

\ J

e Considering ATLAS+CMS combination with future updates
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New physics in single top =
FCNC in single-top production may arise from several new physics
scenarios affecting both production (u/c—t) and decay (e.g: u/c—tZ, ty, tg)
y [\fzgs% TP P Gl | [(ATLAS: »
1=t sib & Ky A < 5.1%107 TeV~!
8 Kzgt ¢ w 2 TeV—!
+ Tqu to™ (fo PL+ 3 Pr)G Zyo | fhec. Zut, Zct Koo/ A < 1.1%10TeV
CMS:
U/C U/C t Kzut/A < 0.45 Tev_l
¢ u/c Kz /A <227 TeV™!
g g yA I
B(t—gu) < 3.1x10°°
ATLAS searches for FCNC in single top production with B(t—gc) < 1.6x10°
SM t—Wb decay (ATLAS-CONF-2013-063, 8 TeV) B(t—Zu) < 5-1x10-3
CMS looked for FCNC in associated tZ production (CMS B(t—Zc) <0.1140
PAS TOP-12-021,7 TeV) \(95% CL) )
ATLAS also looked for CP violation in the Wtb vertex
using lepton angular distribution in single-top AeN = 0.031+0.065(stat.) 092 . (syst)

(ATLAS-CONF-2013-032, 7 TeV) anomalous tensor coupling:
No deviation from SM prediction spotted so far -0.2< J(gr) <0.3, 95%CL
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calculations
t T l T l . T . | T I T I T l T I T l T =
-~ ATLAS Preliminary March 2014
_single top-quark production t-channel
- . NLO+NNLL at m, = 172.5 GeV |
- ~ MSTW2008 NNLO PDF =
T stat. uncertainty
/ s-channel 3
/ #t-channel 1.04 fo™' pLe 717 (2012) 330 ]
L 3t-channel 20.3 fb™" ATLAS-CONF-2014-007 -
| FWt2.05 " pe 716 (2012) 142 |
= Wt 20.3 fbo™" ATLAS-CONF-2013-100 3
|: M sl—channel 95%; C.L. Iilmit 0.7|fb'1 ATLlAS-CONF-|2011-118| N
5 6 7 8 9 10 11 12 13 14
\s [TeV]

10

10

102

Single top cross sect. summary —
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* All measurements are in agreement with approx. NNLO

CMS Preliminary
Single top-quark production

I llllllll T llllllll I TTTI

T lllllll

I Illlllll

- Approx. NNLO Kidonakis, PRD 83, 091503 (2011)

LU

s-channel

(I IIIIII|

CMS, JHEP12(2012) 035
CMS, to be sub. to JHEP
Approx. NNLO Kidonakis, PRD 82, 054018 (2010
CMS, Phys.Rev.Lett 110, 022003 (2013)
CMS, PAS-TOP-12-040
Approx. NNLO Kidonakis, PRD 81, 054028 (2010)
CMS, PAS-TOP-13-009 (FC interval)
|

g

| | | | | |
8 9 10 11 12 13 14

Vs [TeV)



Events

_ CMS: JHEP 02(2014)024 /V[W J t
tt inclusive: CMS, dileptonsgagi :f

CMS Preliminary, ; summary, {s = 8 TeV Feb 2014
» Recent CMS measurement at 8 TeV using 5.3 fb"! in
14 e and p channels using b tag
CMS dilepton (ee up.ep) 239+ 2+ 11+ 6pb
° Dominated’ by eu’ sign ificantly Iess affected by DY JHEP 02 (2014) 024 (L=5.3/fb) (val. + stat. + syst. + lumi.)
background (determined from Z mass SB in data)
 Largest systematics: fact./ren. scale, lepton efficiency, |o5ieie T
jet energy scale
° Oy =239 2 (stat) £ |1 (syst) £ 6 (lum) pb T,
[ scale uncertainty ‘
(5 . 3 %) — scaIeQ)PlﬂF@as uncerlalnty‘ | |
0 100 200 300 400
o(tt) (pb)
L CMS1Y¥s=28TeV,L=53fb O - i =8TeV,L=531b O : Jy——
8000 . - $ © .ﬁi,, wz | 0>) B800F- etyF S © -x\;n Wiz Trigger eff}C}enC}es 4.1 3.0 3.6
L e channel Wsinglet - (1] [ €W channel [ Single t Lepton efficiencies | 58 5.6 40 |
C Moy ] r Moy Lepton energy scale 06 03 02
60001 }—) o cerainy | 600 o certainty Jet energy scale (103 108 52 )
i ] - it: Jet energy resolution 32 4.0 3.0
I i I ME;>40 GeV only b-jet tagging 19 19 17
4000~ ] 400~ required for ee, uw Pileup 1.7 15 20
- . . Scale (yp and pg) | 57 55 56 |
2000 __ 5001 Matching partons to showers 3938 38
= . - Single top quark 2.6 2.4 2.3
| N 'A% 0.7 0.7 0.5
Drell-Yan 15
g 14 g 1.4r ] Non-W/Z leptons 0.9 : 1.9
w b oW I O [ T R Total systematic 186 186 114
g 1§ PTETEmEMesS T s T v e M ntegrated luminosity 64 61 62
O o6t ; Sa—3 O o6k ] Statistical 52 45 26
=3 % 50 100 150  20C
b-jet multiplicity E; [GeV] MET cut for SF leptons reflects in larger JES

systematics



ATLAS-CONF-2013-097 )

INICMN
- ° ATLAS Preliminary 12 5ep 2013
[}
tt inclusive: ATLAS, epl |~ g s
Channel & Lumi. zi:::gg‘[c;nuari\rgnaimy
» One b-jet requirement, in-situ determination i s
IS of b tagging efficiency from b-tag multiplicity N

distribution

Dilepton (ep) 20.3fo"  —em 238+2+7+7+4pb

» Largest systematics: electron ID, tt modeling,
ISR/FSR, PDF

e o, =237.7 % |.7 (stat) * 7.4 (syst) £ 7.4 (lumi)

| | | | | |
100 150 200 250 300 350 400

o [pb]
+ 4.0 ( )
+ 4.0 (beam energy) pb _
t Uncertainty Aoilo; Aoy
4.8%) g (%) __(pb)
(o]
( ‘ a‘ Data statistics 0.72 1.7
1t modelling 1.52 3.6
Initial/final state radiation 1.23 2.9
) t- Parton density functions 1.09 2.6
g QCD scale choices 0.30 0.7
52 llllllllllll [rrrrrrrrprTTT l T '.' TTTTTT] E ™ T T T T rrr T |. T .' T T Single'top modelling 0-38 0-9
3 ATLAS Preliminary € 14900/ ATLAS Preliminaty  —  ginole-top/sf interference 0.15 0.4
= \s=8 TeV L=20.3 b — > C \s=8 TeV L=20.3 fb ] ) .
w qw | - ] Single-top Wt cross-section 0.70 1.7
® Data2012 1 2000 ® Data 2012 ] Diboson modelling 0.42 1.0
[ tt Powheg+PY — = ] tt Powheg+PY . |
= Wit 1 10000 e 1 Diboson cross-sections 0.03 0.1
0 Z+jets ] C = %fkj)ets 1 Z+jets extrapolation 0.05 0.1
Dib . - 1 Diboson i, .
E D ; k?aSI(«)er;) on 8000 B Fake lepton - Electron energy scale/resolu!xon 0.48 1.1
B - o 4 Electron identification/isolation 1.42 34
— 'I?Ac&whc’e\lgL«gYHW: 6000 _ rﬂ%vgilngIHW —  Muon momentum scale/resolution 0.0 0.
R Alpg@;mH\;\l B C ~ Alpgen+HW 71 Muon identification/isolation 0.52 1.2
- B 40001~ ] Lepton trigger 0.16 0.4
5000 ] 2000 4 Jetenergy scale ‘ 0.49 1.2
C ] r -1 Jet energy resolution 0.59 1.4
0* ) N ] ok x :721—9—‘ Jet reconstruction/vertex fraction 0.04 0.1
Q LE ' ' T 32 I3F ‘ ' " b-tagging 042 1.0
s T [ RS 13 ™ Pileup modelling 028 07
5 T e g T 18 % Misidentified leptons 0.38 0.9
o8f ‘ E 0.7 Total systematic 3.12 7.4
0 1 2 3 4 Integrated luminosity 3.11 7.4
Np.1ag LHC beam energy 170 4.0
Total uncertainty 4.77 11.3




Events / GeV

Differential measurements

e Precise measurements of top-quark distributions are
a crucial task:

o Tests of perturbative QCD in different phase space regions
> Enhance sensitivity to New Physics in top processes

> Control background for Higgs, rare processes and many
BSM searches

e Unfold experimental distribution by instrumental
effects correcting bin-by-bin migrations

16

— R B T o R
ATLAS Prellmmar +jets - Dat =
y 1 l’; tJ ATLAS Simulation Preliminary \S = 7 TeV  e+jets Lo ata ]
- [ ] ata o
\s=7 TeVJ. Ldt=4.61b . = T T T T T B on, e ALPGEN+HERWIG 7
] tt (I+jets) B aso- soo [N I R R - B
] i (dilepton) G, L ] o, = MC@NLO+HERWIG
[ Single top @ 0.3 08%  04%  07%  21%  16.9% 6.2%
] Wejets | | 4+ POWHEG+HERWIG
I Multijet

L1 IIIIII|

o
o)
g 200- 250 | 0.8% 1.0% 25%  125% = 544%  8.4% 2.1% ATLAS Preliminary
= = - _ -1
T S 150- 200 | 3.1% 46%  135% - 13.3% 4.5% 1.2% ,[ Ldt=461b
E 8 - — \s=7TeV E
“E OC 100-150 | 11.6%  19.9% - 184%  7.5%  47%  25% .
i E 50- 100 | 34.4% - 221%  9.9%  53%  29%  22% ]
:I — - e
{5 T LA B DA PRI B g
- | . . . . . . 50 | 49.8% 15.1% 71% 3.5% 2.0% 1.4% 1.0% E ° ]
o) 1.5 . L L L L L 15.#_'“_"‘_..1_0.*__- ______ = a1
'_,(—_), 1 . | 0- 50 50- 100 100- 150 150- 200 200- 250 250- 350 350- 800 = B
= 0 St 4 b | fT et i / . F J
ke F —e— rrelation: 0. _ t (OR5) =N N N BN R R S B
2 051 4 correlation: 0.85 Parton-level pr [GeV]  ™"5*+56™"506 ~300 400 500 600 700 800
s O 100 200 300 400 500 600 700 800 P} [GeV]
3 Hadronic top P, [GeV]
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Top quark p+, jet multiplicity

CMS: EPJC73(2013)2339 (7 TeV)
CMS-PAS TOP-12-027 (I+jets, 8 TeV)
®
TOP PT' CMS-PAS TOP-12-028 (dileptons, 8 TeV)

ATLAS-CONF-2013-099 (7 TeV - ; -
LT | o POWHEG beSt agrees,  grrrimmoromroororroorirroy | gty MOl 21a 6~ Tov
E oNA E r‘ TTTT | LU | TTTT | TTTT I TTTT | TTTT | TTrTT I TTT |:
with data (_-; . Data 1S 9:_ e/u + Jets Combined ¢ Data E
qﬁo_._ i o= ® ALPGEN+HERWIG ] 8 . —— MadGraph 7
o ATLAS reports 2o 10° o, = MC@NLO:HERWIG lb_|“‘ L 8F === MC@NLO
- _ = - --POWHEG ]
E L27TTES, L PowHEGsHERWIG ] Ol O TF -
a 1e R S — Approx. NNLO ]
ALPGEN’ MC@N LO’ C l\, LI \l‘ATLAS Preliminary a1 o 63 (ar)gvarzg;.(aass) _E
and the NLO B \*-___—’, J-Ldt=4_6fb'1 7 55 _E
. 104 — ]
calculation above data - \s=7TeV - & E
C ] N E E
> " . 1 Saf 3
for pr > 200 GeV L dEets, st z
1_5__""|""|""| """ PR BRI I 2; _;
o CMS reports low pT R SN V— R ) E
spectrum not well X T VT E . :
d d but i 0§00 208 500 400 500 600 ;?‘}Ge\‘i‘]l 0 50 100 150 200 250 300 350 400
reproduced, but in " o' [GeV]
agreement with cMs Preliminary 19.6f5'at is= 8 TeV
— —— . 2 2l [
aPProx- NLO T ,E-fi I I l IZ])ata I I 3 '8%’ 10 Dllepton Comblned P’e> 60 GeV E
) 0 ATETN ] —o " Data
CaICUIat|OnS ‘;—D”_ ,_l\\ - /‘ _____ m NLO+NNLL 4 10¢ m?:d@%%’ilaL%+gythla—
[oN e = — o +Herwi
. . . ER;C 103 ATLAS Preliminary | 1 ;_ .- POWHEG+Pythiag_;
e Jet multiplicity: [Lar-asm ; |
C BAskAAY \s=7TeV J
- MC@NLO+Herwig : |
i ; 104 =
showering predicts = Kidonakis, PRD8_2_(ZO.LQ.)1J.4Q3_O E
lower jet multiplicity - q )
than observed g 15 .
25 1 3
oF 8
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* Good agreement with theory predictions

ATLAS-CONF-2013-099 (I+jets, 7 TeV) CMS-PAS TOP-12-027 (I+jets, 8 TeV)
ATLAS: EPJC73 (2013) 2339 (dileptons, 7 TeV) CMS-PAS TOP-12-028 (dileptons, 8 TeV)

F\ T T T T bl >:2'-‘ T T T T T T T T Ir\ T T T T T T —
> [ ome® Data Zlg B ATLAS Preliminary Data § % 1022 Data _
O L o} E 3
103 - e ALPGEN:HERWIG | _[ Ldt=461b" o ALPGEN:+HERWIG TR e ALPGEN:HERWIG
g E 3 sg [ ]
V—IS E = MC@NLO+HERWIG E 1 \s=7TeV = MC@NLO+HERWIG — —lo " B = MC@NLO+HERWIG T
i . 4 POWHEG+HERWIG | B + POWHEGSHERWIG ] 10 2 + POWHEGWHERWIG
ATLAS Preliminary L emi oma ] F °ma ATLAS Preliminary R
104 = .I' B — ema oma B A 7
E Ldt=4.61b E 104 J-Ldt=4.61b -
r \s=7TeV 7 i 7 E (s=7TeV 3
i ) 10, & o m a4 B 7
10° = . . P - 3 10°E . . L
. : | : : o B s e e e e e s § gl
ole E . . 3 ole oI . " * P ole E e .4 ° 4 1
S8 I —ewt et — e — =] S|8 e i VO TR ey S8 -t — ——————
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CMS Preliminary, 12.1 fb" at {s = 8 TeV CMS Preliminary, 12.1 fb" at {s = 8 TeV 10° CMS Preliminary, 12.1 fo™ at {s = 8 TeV
X

o g O8pr e ey o 25 e
> [ e/u + Jets Combined * Data 1 d & - e/u + Jets Combined ¢ Data 3 > L e/u + Jets Combined ¢ Data §
8 1021 —MadGraph | o 0.7¢ —— MadGraph 8 r —— MadGraph ]
. E s== MC@NLO  J - s MC@NLO —. . 20r t== MC@NLO
] 0.6 J o + i
3 £ ----POWHEG 1 : < POWHEG 5 o & | ----POWHEG |
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r F— 0.2 o E [ ]
10° E - ] 5 .
5 ] 01f . ]
10-6 Illlllllllllllll[lllllll : Illlll|IIllIlllllllIlllllllllllllllllllllllll : 0 Illlllllllllll ll|llll|‘|{ -

400 600 800 1000 1200 1400 1600 -%‘5 -2 15 -1 050 05 1 15 2 25 0 50 100 150 200 250 300

- £ (i

mt [GeV] yt p} [GeV]



Jets /1.00 GeV

19

10’ e ATLAS

108 Ldt=4.7fb"
10° = Vs=7TeV

10°

"HELAC-NLO NLO '

- + b b_ Qf My = 173.5 GeV OMS
: 2 003 ij > 40 GeV 8TeV
tt 9 h ea—vy fI av. ?l G.Bevilacqua et al,,
(7 arXiv:1403.2046
002 |

Background to ttH and other searches

o(tt'bb™)/o(tt’jj) measured by CMS in the - 9
dilepton mode (8 TeV) '
Fit to b-tag discriminator performed on signal plus
background categories 6(ttbb ) /o(ttTjj) =
0.023+0.003(stat)£0.005(syst), pr(jet) > 20GeV

8 9 10 11 12 13
Vs [TeV]

0.022+0.004(stat)£0.005(syst), p-(jet) > 40GeV
ATLAS measured at 7 TeV the

production cross section of CMS-PAS-TOP-13-010, 8 TeV; CMS-PAS-TOP-12-024, 7 TeV
tt +b+X or tt +ct+X:

e e e e o S BAREERE RS
CMS Preliminary ® Data

% 10* 19.6fb™ at \'s = 8 TeV WZy -l 3
© -S_ingletop 3
x gl |
- - . © 3 t+ _|
 Data o(tt +b/c+X)/o(tt™+21jet), 5 " Brce 3
= Bit+bb ]
e pr>25GeV, |n|<2.5 = 3 ]
.J g
6.2% 1.1 (stat.)x1.8(syst.)% 2 :
% 10 —
arXiv:1304.6386—>PRD 4
(@] 2F 3
S 15F [ E
3 . e =
Q ost b —e—1T 13
6 7 o ]
0 01 02 03 04 05 06 07 08 09 1

Vertex mass [GeV] b-Jet Discriminator



CMS L=5.0fb"at (s=7TeV
T .

CMS PRLI10.172002: ttV, 7 TeV 22p .
ATLAS-CONF-2011-153:tt1, 7TV 20F o pus E
CMS PASTOP-13-01 I: tty, 8 TeV b sz tW, ttZ -

tt +W, Ly LRI

14F [ charge MisiD

ttZ/VW: CMS: Inclusive search for same-sign dilepton from ttV, E’ :z: =\I’RvazreSM :
20 V=W, Z, exclusive trilepton search from ttZ: 8f o -
o o(ttV) = 0.43*017 | (stat)*0%  (syst) pb (3.00) y :
(Garzelli et al.; JHEP11(2012)056) N Y 7
e o(ttZ) = 0.28*014 (stat)*00¢ .(syst) pb (3.30) 0 e m on
(Campbell, Ellis:JHEPO7(2012)052) 5 £ de._;o4fb-1 N
e tty: |+jets used to detect tt pair; photon fake rate estimated - OF,  amas primnary éﬁrzt:ﬁ v
§ = from template fit of photon/ch. hadron isolation :_ 55%3%"&?
2 > o ATLAS,7TeV: a0
£q o(tty) = 2.0 + 0.5(stat) £ 0.7(syst) + 0.1 (lumi) pb 20
Do
(W.Kilian et al.:EPJC71(2011)1742) e o
° CMS’ 8 Tev: .CM.S pr'elimlinaryyf L=‘19.7‘ b ‘at E=8 ll'e\D/;taT : %
Q o(tty)/o(tt) = (1.07 + 0.07(stat) + 0.27(syst))x 102 =i
g Q N*  — o(tty) = 2.4 £ 0.2(stat) £ 0.6(syst)pb g 10 - tt’Y =
s o ,Ex(y) > 20GeV, AR(y,b)>0.1 S oM ¢ E(1)725GeV required
2 (K. Melnikov, et al.,, PRD83(2011)07401 3) 2 B | .
» Results compatible within uncertainties with NLO " o
calculations 10°




CMS-PAS-TOP-13-012 /)

8TeV, 20 fb-! INEN
Search for four tops _ W\ rl
RRLRAHIAAQ 4
“ &
e SM process with very low cross section: . ‘
21 o oM (tttt) = | fb(LO) + ~20+30% (NLO) :
V. Barger et al., PLB687(2010)70 )|
M.W. G. Bevilacqua, JHEP1207(2012) 1 1| sssssssa)
. . g
e Production largely enhanced in several | cwusepiimnay 1951'a 5= s ev
models beyond the SM STE v oz E
> Composite top and Higgs, extra ’

dimensions, supersymmetric cascade decay *
with multitop final states, ...) o

* Analysis strategy look for: "
> (1) top decay to e or !

@ tops decay hadronically R SN S

3-jet combinations scored as top decay usinga =~ ) ' ) MultTopness
dedlcated BDT (“multitopness”) against o (OMS Preliminary, 19.61" o V5 = 8 ToV
Seml|ept0nIC tt 3 0 1iso. e, =6 Jets, 22 b-tags

. . H, = 400 GeV/c, E‘mm =30 GeV
* Second BDT adding more event variables

S
®
b4
@
S
Y
=

]

* No significant excess observed:
o o(tttt) < 63 fb (exp: 42*'8 ;fb) , 95%CL

Fo]
|

03 04
BDT Discriminant
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Conclusions

* Precision of top production measurements is
steadily improving

* Focus now on precise understanding of top
production mechanism

> Detailed comparisons with state-of-the-art QCD
predictions (NNLO, approx. NNLO and NLO
+PS multi-leg MC)

o Possibly find deviations from the Standard Model

* Cross section in fiducial regions, avoiding
model-dependent extrapolations
e Next rounds:

o Targeting ultimate precision for upcoming 7 and 8
TeV run-| legacy measurements

o Get ready to look at run-ll data at higher energy



Thank you
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ATLAS: PLB717(2012)330
CMS: JHEP12(2012)035 L'/NFN

t channel: 7 TeV

o ATLAS: NN Analysis, cut-based as cross S [ams ' [ia-ioen]
25 o L 2 jets 1 btag (5=7TeV
check P o Daa -
T 2000 [ S_ingle-top tchannel
* O = 83%4(stat) ™ o(syst) pb = 83+20 pb 2 i Vo Jovour |
|:|W+Iightjgts
» Cut-based: 5, , = 92"% ,, pb B Zplts, Do
. 1000
e CMS: three analyses combined: NN, BDT
o and fit to |n,|
Z o * Inl:0.n.= 70.0£6.0(stat)£6.5(syst)£3.6(th) £ 1.5(lumi) . 4 06 08 1
2 pb NN output
A
S b e NN:o,, = 68.1+4.1(stat)£3.4(syst) 33, 5(th)
+1.5(lumi) pb o osmem o
e BDT:o0, ., = 66.6+4.0(stat)£3.3(syst)*3? 5 5(th) £ 50p |- Muon, 2jes 1biag .
. > C —— Data ]
+1.5(lumi) pb w - -t[;mam :
g o Combination of the three: : —Pre
2 300~ QCD multjet
g e GC,. = 67.2%3.7(stat)£3.0(syst)£3.5(th) s
= +1.5(lumi) pb = 67.2+6.1 pb 0
100F

108 06 04 02 0 02 04
BDT output




Final states in top pair events

W decays from t—Wb dictate top event signature

26 : : - ion (T
o Possible final states of ttb" events: W™ DECAY MODES Fraction (I;/T)
. tty (10.80+ 0.09) %
o Dlleptons (e, l“l) ~5% .\ l+, q e+1/ (10.75+ 0.13) %
o Leptons + jets (e, 11): ~30% ; W v, q' uiu (10.57+ 0.15) %
. I a (11.25+ 0.20) %
> All hadronic: ~45% 5 hadrons (67.60+ 0.27) %
e At least two b-jets are present in a _
cth" event Top Pair Decay Channels
* Neutrinos from leptonic W decays w |
generate missing E; (MET) S e
: : . c ¥
e Non-b jets are present in W hadronic SIS
decays olg|s
4 TN 2 |s E
w* Vv |
4 : 'S, \0<§@ muon+jets
. . b 'v 5\\ electron+jets
7N : : Q|+ | _
? antiproton b - q &”6& e'lu'|t ud cS

Ql
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Inclusive tf cross section [pb]

N
o
o

150

100

with NNLO calculations

T T T T T T T T T T T T T T

[ATLAS Preliminary ]
| M {idieptonL=0.7fb"

L M tflepton+jets L=0.7 fb”'
|-® tfdileptonL =20.31"
I ® ftlepton+jets L=5.8 b

B NNLO+NNLL (pp)

- Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 —

r m‘“f’ =1725GeV, PDF® s uncertainties according to PIDFALHC N
L . L . . L h .

7 7.5 8
\s [TeV]

CMS Preliminary

250

200

150

100

50—

e CMS combined 7 TeV (1.1 fb™

= CMS combined 8 TeV (2.8 f™)

»»»»»»»»»»»»»» NLO QCD
Approx. NNLO QCD
Scale uncertainty

Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 (N)NLO PDF, 90% C.L. uncertainty

o

Inclusive tt : summary

e All measurements are in agreement

ATLAS Preliminary

Data 2012,\'s = 8 TeV

Channel & Lumi.

Single lepton 5.8 fb"' e

Dilepton (en) 20.3fo"  =e—e

12 Sep 2013

NNLO+NNLL (top++ 2.0)
PDF4LHC m,,, = 1725 GeV

scale uncertainty
scale+PDF uncertainty

stat. uncertainty
total uncertainty

Gz H(stat) H(syst) (lumi) £(E

)

beam

241+2+31+9pb

238+2+7+7+4pb

| | | | |
100 150 200 250 300 350 400
o, [Pb]

CMS Preliminary, Gz summary, fs=7TeV

0

X e
CMS e/p+ets 158+ 2+ 10+ 4
PLB 720 (2013) 83 (val. £ stat. + syst.+ lumi.)
(L=2.2-2.3/fb)
) rel
CMS dilepton (ee,up,ep) 162+ 2+ 5+ 4
JHEP 11 (2012) 067 (L=2.3/fb) (val. + stat. + syst. + lumi.)
CMS dilepton (/) | 143+£14+22+ 3
PRD 85 (2012) 112007 (val. * stat. + syst. + lumi.)
(L=2.2/fb)
CMS 1, *+ets T 152£12£32+ 3
EPJC 73 (2013) 2386 (L=3.9/b) (val. £ stat. + syst. + lumi.)
) o1
CMS all jets 139+10+26+ 3
JHEP 05 (2013) 065 (L=3.5/fb) || (val. + stat. + syst. + lumi.)

—— NNLO*NNLL {top++ 2.0), PDF4LHC, m_= 172.5 GeV
Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)

[ scale uncertainty

[ scale @ PDF & «_ uncertainty

50 100 150 200 250 300

o(tt) (pb)

CMS Preliminary, 6, summary, {s = 8 TeV Feb 2014

CMS dilepton (ee up,ep)
JHEP 02 (2014) 024 (L=5.3/fb)

239+ 2+ 11+ 6pb

(val. * stat. + syst. + lumi.)

CMS prel. e/ptjets
TOP-12-006 (L=2.8/fb)

29
228+ 92 +10pb

(val. + stat. + syst. + lumi.)

—— NNLO*NNLL (top++ 2.0), PDF4LHC, m_ = 172.5 GeV
Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)

[ scale uncertainty
[ scale ® PDF & g uncertainty

| | | |

100 200 300 400
o(tf) (pb)
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Inclusive tt cross section [pb]

tt: LHC combination

)
INFN

C

e Combined cross section, to be updated with

latest results:

e 6.~ = 173.3+2.3(stat.)+7.6(syst.)£6.3(lumi.) pb

102

10

= 1733+ 10.1 pb

ATLAS-CONF-2012-134

IDIII&I_

IIlIII]IIII|Illllllll]lllllllll]llll

Jowaton continaton =88 ATLAS+CMS Preliminary
TOPLHCWG

L1l

CMS dilepten L=23 o'
ATLAS lepton+jets L= 0.7 b

CMS lepton+jets L= 2.3 fo”'
TOPLHCWG combination L= 1.1 b
ATLAS dilepton L =203 "
CMS dilepton L= 2.4 fo"'
ATLAS lepton+jets L= 5.8 b ™'
CMS lepton+jets L=2.8 o'

1

300 . .

L ....III

200f .

L

s NNLO+NNLL (pp) . . ]
100
=—— NNLO+NNLL (pP) 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

o | Tup =726 GeV. POF P g unceftajnes agcording tg PDEALHC |

2 3 4 5 6 7 8 9
\'s [TeV]

ATLAS+CMS Preliminary 6, summary, Ys=7TeV TOPLHCWG
"""" NNLO+NNLL (top++ 2.0}, PDFALHC mmp =172.5 GeV — stat. uncertainty
scale uncertainty mm— otal uncertainty
scale ® PDF ® g uncertainty o H{stat) H{syst) +(umi)
ATLAS, l+jets - = 17944+ 9+7pb L 071"
ATLAS, dilepton = = 1732671 Spb  L07w”
ATLAS, all jets (*) I : E 1 167+ 18+78+6pb L -1.0m"
ATLAS combined =idi— 177237347pb L07i0m]
CMS, l+jets (*) —toi—3 164+3+12+7pb L 08111’
CMS, dilepton (*) F o 1 170+ 4+16+£8pb  L,=1.11"
CMS, o+ (%) —t Lo | 149+24+26+9pb L1110’
CMS, all jets (*) F + ¥ 1 136+20+40+8pb L,=1.11"
CMS combined |—|-|—| 166+ 2+ 11+ 8pb L 08111’
LHC combined (Sep 2012) - 173+ 2+ 846pb L0711 1"
ATLAS, l+jets, b>Xpv ] 165+2+17+3pb L7’
ATLAS, 1,4+ = L | 186+ 13+20+7pb L,-21"
ATLAS, 1, ,+Hets k + 1 194+ 18+46pb Ly=1.716"
ATLAS, all jets I —c—ir i 168+12°0+7pb L a7
CMS, l+jets o | 158+2+10+4pb L ,—22231"
CMS, dilepton [ e | 162+ 2+5+4pb Liyg=2.3 1"
CMS, T+ e ] 143+ 14+2243pb L2’
CMS, 1, +ets L . . 1 152+ 12+32+3pb  L,-39%"
CMS, all jets ] 139+10+26+3pb L, 35b"
(") Superseded by results shown below the line | | | |
50 100 150 200 250 300 350

5, [pb]
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@ . and m, from cross section

e Turning cross-section dependence on & and m, into

29

measurements
e Based on the most precise GorTVdm)ones
2 Bl § —— CMs,L=23fb"
CMS measurementat 7 TeV = =8 - Topes 20, ABMITT
C N - Top++ 2.0, CT10 ]
. . 200 _— 2 s Top++ 2.0, HERAPDF1.5 ]
in the dilepton chanel | Topes 20, MSTW2008
2 20 2 06 180_— \'» ‘ Top++ 2.0, NNPDF2.3 ]
(J ( ) ) 160:—\§
o mpoe = 176,638, GeV | o~
mt . 3.4 (S 1401~ 5o .
o @ (my) = 0.115]+00033 R
S 7 . -0.0032 165 170 175 180 185 190
mi*® (GeV)
Vs = 7 TeV; mp*® = 173.2 GeV
_ AL N AL BN BELELL | : T
8 - CMS, L =23 fb"
& 220[ ...~ Top++2.0, ABM11 7]
[ - @~ Top++2.0,CT10 : ]
200 ..k Top++ 2.0, HERAPDF1.5 S 7]
- ---m-- Top++2.0, MSTW2008 ST
180~ == Top++ 2.0, NNPDF2.3 e =
.......... ]
60— =& g L -
PN C e " : ]
140 pri % ,,,,, E —
* ...... - o E o :
e g8 -
120 - e T
0108 0.1 0112 0114 0116 0118 012 0122
as(mz)



CMS Prellmlnary 19.6fb'at \s= 8 TeV CMS Preliminary, 19.6 fb'at s = 8 TeV

8 E T 3 9 E T T T

%% D|Iepton Combmed pl > (E)O lG:eV E 8 = ? Dilepton Combined Fﬂ >30 GeV
— e 10F L Maac?Graph+Pyth|a = " 10 ; a?;Graph+Pylh|a
+ [ : - MC@NLO-+Herwig ] e #Q?
tt J ets ; - POWHEG+Pythia ] i pen
E E 1E ---- Matching up E
F k| £ -~ -~ Matching down
! ] whk 0 beses
7 TeV, dilepton: ATLAS-2fb-!, EPJC(2013)72-2043, CMS- . ! ] i G ]
PAS-TOP-12-023; I+jet: ATLAS-CONF-2012-155,CMS- " F T E T
30 PAS-TOP-12-018 by o0 ) ek ]
8 TeV, dileptons: CMS-PAS-TOP-12-04| D —t Y e R
2 3 7 5 zeJetS i 2 3 [ 5 zeJetS
° . . .
D.IStrIbUtIQnS Co.mpared to CMS Prellmlnary 19.6fb'at \s= 8 TeV CMS Preliminary, 19.6 fb'at /s = 8 TeV
d Iffe re nt s I m u Iatl 0 n m Od e I s %é 10° D|Iepton Comblned Pl > 60 GeV l | _§ %% 102? [I)ileptor: Comblined FhTe‘> SOIGGV l I E

B Data ~lo F e Data

and parameterization - Viadwaphepytia] ™ 1o = Nadoraphsytia

e S
+Pyitl ia |
e Reasonable agreement found |
with MadGraph, PowHeg,

1k Q¥4 -
E ---- Matching up
__ Matching down ]

AIPGen, While MC@NLO i = w0k g
+Herwig showering predicts [ M
lower jet multiplicity than e e :
observed B
4 .ATLA.S aISQ measured the CMS Preliminary, 19.6 fb"at s = 8 TeV CMS Preliminary, 19.6 f5'at s = 8 TeV
InCIUS|Ve tt +jets Cross %’é D|Iepton Colmblned pl >:300GeV l %é D];eptol’l Colmblned Ff > 100 GeV
section (pr>25 GeV, |n|<2.5), ~ = et e

- POWHEG+Pythia ] [ Q¥4

largely dependent on MC Sacringro -
F ] F Matching down q
generator: 1‘~;~ m‘-*-

o o(ttj)/o(tt’) = == esprrny
0. 54+0 01 (stat)*0% ; o(syst) : 5 :

ATLAS-CONF-2012-083 (7 TeV) I e B TN S
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g 09%sF ATLAS g 095F ATLAS

(O] o det=2.051b" ] 0} E fLm=2Aus o'

[} 0.9 :_ veto region: lyl < 0.8 _: 0.9 I veto region: 0.8 lyl < 1.5 -

ap fraction -f =0 o Tl

C o Data+ stat. —— PowxeG+HeRWIG ] 0.85 L « Data + stat. —— PowHec+HerwiG .

0.8_ -+ POWHEG+PYTHIA - " POWHEG+PYTHIA ]

r Syst. + stat. I N— ] Syst. + stat. N 1

=== ALpGeENn+HERWIG - 0'8: == ALPGEN+HERWG _:

o Distribution of event fraction e aannaa I T

. o e . 3 Qo 1

3] without additional jets above a i3

A At - B | o o ; 3 ] .

threshold on jet p; or E ]
H — Z ) : 500550 300 50700 750 200 250 300

T ]PT Q, [GeV] Q, [GeV]

e Compare to different § T I 5 T ey

. g F ] g ]

1] o 3] © r 3]

generators or different £ ossf- 1 £osf a3

. . . . © o - [v] C B ]

radiation parameterization: © oo Jrazzose® 4 O ok Jrazeome

o veto region: lyl < 0.8 1 r veto region: lyl <2.1 b

0.85 — E ]

> ISR/FSR (ATLAS) e ] 07t E

o === AcerMC nominal B C === AceaMC nominal ]

. . . . 0.811- * Data + stat. - FL * Data + stat. ]

o Factorization/renormalization scale i — ncreasedisn 08 — ireased SR ]

0.75 Syst. + stat. . - Syst. + stat. . ]

(C M S) - Decreased ISR E 05 Decreased ISR E

e . g (S E et ] g ]

o Data within uncertainties, but band "%} ] & ]

. o« e ~ el L e oo ——— 3 ~ 4

~2x the experimental precision N & ;

2 0.95F | £ 3

= E [ 1

0.9 g5 50" 0.8 gkt~

Q, [GeV] Q, [GeV]

CMS Preliminary, 19.6 fb™' at ys=8 TeV CMS Preliminary, 19.6 fb" at ys=8 TeV CMS Preliminary, 19.6 fb™ at {s=8 TeV CMS Preliminary, 19.6 fb" at ys=8 TeV
c1.05cT ey 105 g .05 ey 105 g
o E Dilepton Combined 3 9 Dilepton Combined 3 9 E Dilepton Combined i 9 Dilepton Combined 3
5 v = © ! =3 zazl Q] R
= | — E — - =
Eoost 1 & 3 Soesf 4 & ™ E
§ 0.9F E = § 0.9 3 3
0.85F E 4 Tosst E =
F 3 ¢ Data = E = ¢ Data 3
0sf- e Data 3 [ Syst+Stat error 3 B * Data E [ Syst+Stat error =
= [ ] syst+Stat error E —— MadGraph+Pythia 3 = [ syst+Stat error 3 —— MadGraph+Pythia 3
E —— MadGraph+Pythia 3 _Ee MadGraph ‘ngz E E —— MadGraph+Pythia = I =i MadGraph g’z Q? E
o . = MadGraph Q°/4 = — ; E MadGraph Q°/4 =
POWHEG+Pyth|? B ---- MadGraph matchingup 3 POWHEG*'PW"? 3 ---- MadGraph matching up =
"""" MC@NLO+Herwig = MadGraph matching down 3 ---- MC@NLO+Herwig 3 MadGraph matching down —
© 0164' | | | | | _: © Pl | | | E © i _‘_I‘_‘_ | | | | % © |'.| | | | _:
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