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A particle with unique characteristics

A Special because of its enormous mass: heaviest known particle
I Still a pointlike particle in our understanding
i The top and the Higgs ar€stronglydcoupled |y, © 1| |m = ytv/ﬁ
I The top mass dramatically affects the stability of the Higgs mass
A 1If we consider the SM valid up to a certain scale
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A 1tis the only quark that does not hadronise ’ X
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Z(top)~h/G,,~5 16°s 8my/(2)
Compare withz(b)~10'%s
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No boundtq states, its spin properties are directly passed to its decay products

QCD, Flavor and EWK physics at their best !
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Top mass M, in GeV
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U The Higgs/symmetry breaking sector can be explored with w

Constraining the SM

A Can use the fact tham,, my,, m, are linked at loop level to constrain the SM

more insights comingfrom top physics
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A The top quark also provide other direct constraints to the model
U Direct access to parameters of the SMn(, V)

U Other stringent tests of SM (QCD insddX, couplings, CPT invariandég,)
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LEP 1993 vs SM predictions

13 v ’ 4 1 /4 A\
m,=60-1000GeV+/ | D M POQWAA O € N
- — 250 — 250
0 < 250 _ T — 5 250 y m i~ ~ P
c [ {-’ 3 o P g 3 Paiinm
o = il e : = =
= E 3 1 E E = ) :
+— f -
(qv] 175 i 175 i 1751 175 AT
': ] b A ] A 4
CG | " d W
> P i RSM RSM J F
T £ = b d
E o0 B r T 100 —T — 100 ™ T T 100 T
2.49 2.5 0.015 0.02 0212 0216 022 0224 009 0.1 [:051 1
o3 r,[GeV] Al Ry Acg
— 250 . — 250 — 250 — 250
@ > > A > (?3? 7
= K] (0] =4
g,_. L_B_"__ AT — — W 4
£ E £ £ ]
175 175 175 175 / 7
_ 4 ) i = 4 H
y, o
P=: AL
100 100 -+4- - . 100 +——— T —— O e T
413 417 012 0.14 0.16 0.13 0.155 018  0.06 0.08
op [nb] A R, Ale
— 250 — 250 — 250 s
= = /fEE % WM
i8] @ b,
o 1] 4 @, NEH
¢/l Iy i N — .
SIS
1757 175 f 175 b i LEP CO”abOI’atIOHS
1 = .-
CERNZ 0 0 \AT2Y X
i
100 +—5 : — 100 -4 - — 100 R
207 20.8 209 012 0.14 0.16 023 0.235
. ep
R, A, sin“f; from <Qpg>

A Z boson line shape and asymmetries compared to SM measurements vs. top mass
A LEP1prediction: m,,, =173+ 13z 10GeV
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A Quantum fluctuations showed the existence of the top
guark and predicted its mass precisely before it was
discovered.-> Triumph of the SM.



The Discovery of the Top Quark

CDF, PRL 74, 2626 (1995) g
: - 6 Discovery at the Tevatron
- g | R W with O(10) events.
:r i;_;m 3 . g 1 B
2 A i ] Signal consistent with

tt = W'bW™b
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background prediction.
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The Top Quark Mass

Electroweak fit before +25
Higgs discovery: mH = 94_72 Gev consistent with measured m,, within 1.30.

The Gfitter Group, M. Baak et al., EPJC 72, 2205 (2012) http://project-gfitter.web.cern.ch/project-gfitter/History/
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Quantum fluctuations showed the existence of the Higgs boson and predicted its
mass precisely before it was discovered. 2 One of the most critical tests of the
standard model!
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Experimental challenges

btagging bjetw r ee,0 A Top qqgrk studies requirall components and
capabilities of theCMSdetector to work:
v, I Trigger
Missing & I Charged lepton reconstruction, identification and
_ isolation
I Jet reconstruction
I Missing transverse energy
“jet”ghtjets 0 ' biagging i b-tagging
(energy scale) 5\ A important to considerPUconditions at8 TeV.

14

CMS: a simple and elegant concept

I I I | I I | I
a in S - )

A Optimal OOA | £ OEA A Lo weeni

U Particle Flow reconstruction in CMS T e ‘ A
o Combine all subdetector information to dp'"'ms%/a'"_\i\\\\-é‘-:—i [
reconstruct and identify particles, after \ /‘q e
pile-up substraction Lgo /
A8 Al A Of baheSiOBosA « | ) =’ *'5
U B_tagging’ Z. O A A I T d@@r@'tk C L Neutrinos "mea:::'edb'\.ll'uouuhv‘mirssu.sa x "
fltting rp— transverse energy (E,™*) in calorimeters - parti(lo shouldgo
Fast detectors: 25-50ns bunch crossing undetected

oiprip<1% @ 100GeV

H!gh gra!'!u!anty: 2‘0-40 overlapping complex f:vents (PP <10%@1 TeV
High radiation resistance: >10 years of operation
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PRODUCTION:

by fragmentation of gluons and
(light) quarks in QCD scattering

RECONSTRUCTION:

* Need to satisfy requirements:
- theoretical requirements
(infrared and collinear safety)
- experimental requirements
(detector & environment independent,
easily implementable, etc.)

« Commonly used in ATLAS and CMS
- ‘anti-kt’ algorithm
(typical cone sizes: R=0.4/0.5)

CALIBRATION:

« Correct the energy and position
measurement, and the resolution.

« Correct for instrumental & physics effects

Jets

Calorimeter jet

Particle jet

Parton jet

AAN

P

oo § Underlying event

p g (multiparton interactions)

’

September2015 Javier Cuevas, TAE 2015, Benasque 10



Top quark production at LHC

Events/s Eventsly
process | 8 TeV, pealumi | 8 TeV, 25b
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o o o

Number of events with 20 fotat 8

_m

ttbar SL e mu

ttbar SL tau 232 0.15
ttbar DL (e, mu) 232 0.053
ttbar DL 1 tau 232 0.053
single top t-ch e mu 83 0.22
single top s-ch e mu 45.5 0.22
single top tW e mu 23 0.22

0.5
0.9
0.8
0.7
0.7
0.7

1 090 000
340 000
220 000
200 000
250 000

17 000
/70 000

Typically two orders of magnitude more than final amount devatron.

selection eff. not included
trigger efficiencies, average
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Top (pair) production at the LHC

A Top pl alr_QC[I) profduc_:tlon happens e 5 Tey
Czakon Fiedler,
mainly via gluon fusion ezt el 172004, T, 245802, %02,

(arXiv:1303.6254)

q Y vt 0
g - g o ﬁ
t .g g é_ all hadronic
- - g hefegapsdy o, 0 i - t? E
q t g t ®
°
. 2 B L tau plus jets
A Final states depend on the decay of the W bosons El iovon 2 lepton plus jets

ev/uv s[o
W decay mode

e,u,t

Y MET jet jet
bt \é | b-jet
%/ o brjet g—

V
et je jet
dileptons lepton + jets all hadronic
A BR~10% A BR~44% A BR-46%

A Backgrounds coming from: WI+jets single top (tW), QCD, dioson

September 2015 Javier Cuevas, TAE15 Benasque 13



Top Quark Signhatures and Backgrounds

A Lepton+jets
channel
I AhighpTlepton
I €4 highpTjets (2 of
which are jets from b-
decay9

I Missing transverse
energy

A Main backgrounds:

I tt other, Single top,
W+jets

September2015 Javier Cuevas, TAE15 Benasque 14



Top Quark Signatures and Backgrounds

A Dilepton channel
I Two highp+leptons
I €2high p;jets (2 of
which are jets from b-
decayy

I Missing transverse
energy

A Main backgrounds:

I tt other, Single top,
W/Z+jets

Fewer number of events, more pure, best channein

September2015 Javier Cuevas, TAE 2015, Benasque 15



Top Quark Signatures and Backgrounds

A All-hadronicchannel

I €6 high p+jets (2 of which
are jets from b-decayg

A Main backgrounds:
I QCDmultijets
A Possible fully

reconstruction of the
event (N0 neutrinos)

A Larger uncertainties
compared to other
channels due to multiple
jets

I Jet energy scale and-b
tagging

September2015 Javier Cuevas, TAE 2015, Benasque 16



Top Quarkevent

N lOd e I 1N g e Hadronization
. o\f ‘b °® o,
© ‘. frefy
o e ‘2% /7 oo, o e
] o 9 '® /%
9 .. ’i‘ :‘.\ / / o
. A A \ -/ -, / -
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O~ o‘;:\.q Vo | : I" o
‘: 3 . o | A § <~ .
o S y E ‘3\% g \
e Dvoe~) O | 6
..,?6 - 1 / g H d tt = . AN
o8- Voo ?gog 3 ard scattering: ©
SLAR( ';.4 %ﬂ - / O_%%ﬁﬁ—o' ”,.-;
L Bl gl J0TTD
= 1 o7 . 2 %
- A V \ P et ‘.'
.- { .
.‘ -4 ;
T00v
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v %? : -
' & ’ ‘.. = | Parton Distribution Functions
Multiple Parton Interactlons ® e
N\ o' B In addition:
'0' A

September 2015
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A Underlying event
A Initial state radiation
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Top Quark evenimodeling

Proton/ Colliding Stable Measured
(anti-)proton partons Final state particles event
Processes Lept?n LEpt(.)n
neutrino dronizat Neutrino
—_ aaronization detector
tt b Gen—!et
b showering Gen-jet
u Gen-Jet
d \ Gen-jet J
— \—/
| |
— pdf 2\ gpdf 2\ A A
Gpp—m—(svmr)— 2 fdxldxsz (xlvﬂf)fj (xzuuf) iji—fF (Svmraﬂfaﬂrvas (Ju’r))

i, j=partons
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Top Quark evenmodeling

! _ I £PAf 2 pdf [ .. 2\ 4
GPP%E(.s,mr)— E fdx.ldx.zfi (A.l,y.f)j} (.x.j,;t.f

Oyt (s my, U, U, O ( u, ))
i.j=partons

(P showering/
& hadronization

Non-perturbative Perturbative in a,

factorization PDFLs(x U )® NN TR (TR )
i
|
|
1

arton
PPN < g PPN > L

~ 0~ J5 ~. /xlxv‘ (Q: energy scale of the hard process)

Sept. 013
o (Q) v Tdecays (N*LO)
s Q & Lattice QCD (NNLO)
a DIS jets (NLO)
031L o Hc;wy Quarkonia (NLO) 4
o e'e jets & shapes (res. NNLO)
; L4 p{)le fit N°LO)
Inputs- m v pp—> jets (NLO)
-> .m,
t 4 0.2+ .
g
0.1 _
= QCD 0g(M,) = 0.1185 + 0.0006
1 10 . 100 1000
Q [GeV]
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Total cross section measurements

A Monitoring the total production cross section is the first fundamental step for

understanding top physics at the LHC G e
I Test the presence of new production mechanisms '
i In the frame of the SM, test QCD predictions and help " PD:etS-

constraining the PDFs (especially gluons) asl Bl ceecanc
A Important for Higgs production #
og(me) = / dzidxs fi(21) f5(x2) 6i5(ma)

I Indirect determlnatlon ofm, or ag
I Constrain a very important background for many

searches at the LHC
A Almost all decay modes are investigated at the LHC

A The measurements are performed at different level of ,
CompleXity: § “:T all hadronic
. . . . Ndata — NBG = a
U Counting experiment in acceptancer = > >
T : : €z JLdt 3 e
U Fit to data in several portions of phase 3
L . : % tau plus jets
space with in situ constraining of various backgrounds :
. . . ' = lepton plus jets
U Multivariate analyses
U Selections defined for inclusive cross sections are in general W.decay mode
20
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CMS+ ATLASNclusive cross section combination

ATLAS+CMS Preliminary

my, = 172.5 GeV

LHCIOpWG

G summary, fs=7TeV Sep 2015

NMLO+MNLL PRL 110 (2013) 252004, PDF4LHC

—t——

ATLAS, dilepton ep. b-tag
ATLAS, dilepton ep, Nm—ET"

- scale uncertainty total stat
scale & PDF & o, uncertainty G.d:{stat] +{syst) +(umi}

ATLAS, Hjets 179+ 4+ 9+ Tpb L =07
ATLAS, dilepton (%) 1736 “3pb Lam7 "
ATLAS, all jets (=) F | 167+ 18+ 78+ 68pb L~10m"
ATLAS combined 177+3 3+ 7pb L 07100
CMS, Hiets (%) 184+ 3+ 12+ Tpb L=08-1.1 8"
CMS, dilepton (*) 170+ 4+ 16+ 8pb L~1.1m"
CMS, T, (%) 148+ 24 + 26+ 8 pb Lo=1.1 1
CMS, all jets (*) k 136+ 20+ 40+ B pb =11
CMS combined 166+ 2+ 11+ 8 pb L ~081.1 1"
LHC combined (Sep 2012) 173+ 2+ 8+ Gpb L =07-1.1 1"
ATLAS, Hjets, b—Xpv 185+ 2+ 17+ 3pb L= 7 157

1828+ 3.1+ 42+ 38 pb L_~46m"
181.2+28%2]+33pb L ~45m

[} Superseded by results Shown below the ine

ATLAS, 1 +Hets t 1 1p4+12:46pb L~17 1"
ATLAS, all jets I | 168+ 122+ 7pb L=d.7 1"
ATLAS, 7+ 183+0+23+3pb L4561
CMS, Hets 158+ 2+ 10+ 4pb L-2223m"
CMS, dilepton ey 17454217554 38pb L -s0m"
CMS, T, # 143+ 14+ 22+ 3pb L=22 1"
CMS, T, Hets 152+ 12+ 32+ 3pb Y-
CM3. all jeis —t—— 130+ 10+ 26+ 3pb L=35m"

Effect of LHC beam energy uncertainty: 3.3 pb
{not included in the figure)

50 100 150

300 350
¢ [pb]

ATLAS+CMS Preliminary LHCTopWG o BUMMATY, B =8TaV Sep 2015
. NMLO:sNMLL PAL 110 (2013) 252004, POF4LHC
M, =172.5 Gev S
scala uncartainty
scale & POF @ o, uncertainty Ty *{EEY ={oySY) =)

ATLAS, lepton+jata
PROD 01 (2015) 112018, L, =203 b

CMS pral., lepton+jets - —

CMS-PAS TOP-12-008, L, =280

F—t#— 26012 -8pb
228-9"2 = 10pb

CMS, leplon+t,
PLE 720 (2014) 23,  L,=10.8M"

——i—A 257 =3=24 -7 pb

ATLAS, dilepton ep
EFJOT4 (20143108, L =203 [

o o 2424+17=55=T75pb

CMS, dilspton (ee, pp, eu)
JHEP 02 (2014) 024, L=53M1"

—a— 2318 0=21=113=62pb
LHG combined ep (Sep 2014} -
ATLAS-CONF-2014-053, CME-PAS TOP-14-018,
Lyy=5.3-20.3 b

2115 = 1.4 = 5.7 = 6.2 pb

CMS pral., dilepton e
CME-PAS TOP-13-004, L =187 [

Y 2456=13"%* . 65pb

-BE T

CMS, all jeta I - 1
CMIS TOP-14-08, L, =184 b

ST gy w4200
L1 1 1 | L1 1 1 | L1 1 1 | 1 1 1 1 | L1 1 1 | L1 1 1
150 200 250 300 350 400
o, Ipbl

All channels covered and consistent with SM
Good agreement with NNLO+NNLL

Precision of 4% (diepton channel), similar
to theoretical prediction

21



The aljjets channel

g_M'S_'_'_ 18.4 fb! (BTeV)
E ggz:Leadnniopp €[225,300] GeV Dz§§a| :
A Traditionally the most challenging final state (backgrounds!) 219 ! e
c . O 140F E
A But: large branching fraction (@ 10}
A No neutrinos = superior kinematic information + resolution §§ :
A At8Tev#- 3 OOAA OPAOEAA AAOAG Ol Autowews
A S/Bimproves with highertomTh AT A xEOE EECHA "% = 2 05 o
m* (Ge
CMS 154!b (BTeV)
18.4fb.1 (8TeV) % Leadl‘r 1opp E[300375]Gev gatal
‘.:-\ Fr+v7+7| v+ v 1 v v | 1T 1T 1 13 2100 EIQ‘(g)gaf
% CMS Detector level P
0] * Data o
% ~ 102t Madgraph . 0
%— 500 () 2z l-tag events o} ol — F --- MC@NLO 3
o - Data (9.31° cl -.-- Powheg+Pythia ]
o 400 I Fittedbkg WWhegﬂ“HefWig-
% Fitted bkg ——————— k-Gt I m .
I.I}J am-_ 10-3:_ _: g‘: 2 \ ‘v \7\ \ il 1
- . § 150 200 250 300 350
] me (GeV)
200- ¥ S L R E A -]
¢ S 35CMS 184 1b™ (BTeV)
1 [ Leadnmiopp 6[375 SOO]GeV g\atr?al 1
1001 -ttt R ém?g:;
& Stat > 5F Meune. 4
AN TR I z 05 [Syst e § 20 ]
100 12|0 1;0 160 180 200 220 240 2 2, 0 prre—— TS = & 20
m= (G %‘ T————— * 15
CDF :—0.5‘1111[1111111111111111111' 101 -
=g 100 200 300 400 500 s
® Deterre Leading top p_(GeV) = RN R
b g ‘1?1
E 150 200 250 300 350
me (GeV)
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tt @nclusive crosssection production

E‘ 1 03 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | -
— Y Tevatron combined* 1.96 TeV (L=8.8 fb") . -

2 ~ m ATLAS dilepton 7 TeV (L=4.6 &) ATLAS+CMS Preliminary May 2015 J

C | @ CMS dilepton 7 TeV (L=2.3 fb") -

[e) | O ATLAS l+jets* 7 TeV (L=0.7 fi5") TOPLHCWG

O O CMS l+jets 7 TeV (L=2.3 fb)

O [ ® ATLAS dilepton 8 TeV (L=20.3 ft™)

w ® CMS dilepton 8 TeV (L=5.3 fb")

0 A 02 L% LHC combined eu* 8 TeV (L=5.3-20.3 fb") —

8 = O ATLAS l+jets 8 TeV (L=20.3 fb’) B ' .

S — O CMS l+jets* 8 TeV (L=2.8 fb") I ] 7

a— — * Preliminary 250- 1 S

) | B b .

(O]

= i 1 7

> I ]

S 200 .

o 10 [ 1 3

i I .
s NNLO+NNLL (pp) 150F # S
= NNLO+NNLL (pp) 7 8 )

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7]
| Myp = 172.5 GeV, PDF® a_ uncertainties according to PDF4LHC
1 | | | | | | | | | | | | | | | | | | | | | | | | | |
2 3 4 5 6 7 8 9
s [TeV]
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CMSPAS TOR4016

tt cross section inclusive combinations, aconeo14054

TOPLHCWGombination of bests,, measurements

ATLAS CMS5 Correlation LHC combination

o\

Cross section [pb] 2424 2390 241.5
Uncertainty [pb] ATLAS+CMS Preliminary . summary, {s = 8 TeV
Statistical 1.7 2.6 0 14 "
Detector model
Trigger 0.4 .6 0 e e NMNLO4+MNNLL (Top++ 2.0), PDF4LHC — siat. uncertainty
Lepton scale and resolution 1.2 0.2 1] 0.9 m,, = 172.5 GeV — — — total uncertainty
Lepton identification 1.7 4.0 0 16 I scale uncertainty )
Jet resolution 1.2 an 0 12 scale @ PDF @ o uncertainty o H{stat) (syst) H{umi)
Jet identification 0.1 - - 0.1
b-tagging 1.0 1.7 0 0.8
Pileup — 2.0 - 0.5
MNon-JES subtotal 2.6 6.7 0 26
Uncorr]ES 0.6 4.3 0 1.2
Insitu]ES 0.6 0.6 i] 0.5
Intercalib]ES 0.3 0.1 0.5 0.2 3 9%
Flavour]ES 09 29 1 1.4 ATLAS. dilent -
BJES 0.1 - - 01 - diiepton ep 2424+17+55+7.5pb
IES SUbED['ﬂl 1.3 5.2 0.4 1.9 arXiv:1408.5375, L|m=20.3 fb-l
Class subtotal 29 a5 32
Signal model 5 . 7)/0
Scale 0.7 5.6 05 1.9 .
Radiation Z i - 10 CMS, dilepton ex R 239.0+ 26+ 11.9+6.2 pb
Generator and parton shower 3.0 33 0.5 27 JHEPO2 (2014) 024, L =530
PDF 2.7 0.5 1 2.1 (o)
Class subtotal 41 75 0.3 4.0 3 . 5 /0
Background from data LHC bined Sep 2014
Z+jets <0l 15 0 0.4 CMSP::':;P":M:M ep 2014) 2415+ 1.4+57+6.2pb
Lepton misidentification 0.8 1.9 0 0.8 i ’
Class subtotal 0.8 24 0 0.9 ATLAS-CONF-2014-054,
Background from simulation L,=5.3-20.3 "
Dibosons 0.3 05 1 0d . 0
Single top quark 2.0 23 1 21 theory' 5 . 7 q
Class subtotal 2.0 24 1 2.1

: ¥ Effect of LHC b rlainty: 4.2 pb
Téum‘:'i? " s9 50 . 55 (notincludad in the figure)

eam modellin A J .
Lunﬁnosit’ydetimﬁnaﬁon 69 15 0 51 IIII|IIII|IIII III|IIII|IIII
Class subtotal 75 62 03 6.2 100 150 200 250 300 350
Total systematic 9.3 134 8.4 b
Total 94 136 85 o [pb]
September2015 Javier Cuevas, TAED15 Benasque
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CMStt enclusivecross section in theem
channel at7/8 TeV(New) Top-13004

A Measure the production cross section®t 3 . es P s
particle level inafiducial range, defined ~ £« . = 3 Sor
within the kinematic acceptance of the . = 1
ttbar decay particles that are directly e 3
visible in the detector. I -3y A ——

A Visible cross sectioris defined for events eading lepion  [GeV] eadna epion ey (64
at particle level containing drue opposite g s wn w0 8 Lo e mg ]
charge electronmuon pair from the decay £ ;™ SH B E =
chaintY WY I (includingWY zY l)and “ : i Y |
with both leptons with p;>20GeVand [s| - - ‘
<2.4 QELE*‘*‘ MR §§:}§§ IR

. . . . ’ 2 -15 -1 05 0 05 1 15 2 2 15 -1 05 0 05 1 15 2

A Extrapolate visible cross section to obtain leading lepton leading lepton
the cross section forttbar production at g i . 7T
parton level in the full phasespace using & 7 5 g ot 5
MCA,, (Signalacceptance is taken from oo ] S
simulation assuminga top mass of172.5 f D I
GeV) [ - sy 8819 . R

0.5 ‘1 . 0.55

2 =3 2 =3
b jet multiplicity b jet multiplicity

September2015Javier Cuevas, TAE 2015, Benasque 25



C M S M eth Od A Templatefit to lowest light jet p; for each

category (N, .nts If there areno light jets)

A Jetvariablesusedin order to A Allows the extraction of the b-tagging
constrainuncertainty from b- efficiency and constraining of syst unc.
tagging, JES A Signaland backgroundtemplates taken from

A Firstdivide eventsinto three MC fitted to data.
binsby number of b-jets: N, = 1, A Templatesnormalizedto luminosity
2 and Oor €3, then, each (dependingon the crosssection)
categoryis dividedin 4 bins, as A Templatesdepend on systematic
afunction on the number of variationsl,
non bjets. A anedessonleeIlhoodusedfor fitting

2 16
A Foreachof these N, . P29, 255, -
Doy
psubleadand p,lowest for events =i
Wlth 0, 1, 2)r 3 non b jets,
respectlvelyaretaken (12 g8/ -
- . . ’ N —— S S
distributions in total) [/
w x10° S 0 or >2 b-tagged jets 19.7 fb" (8 TeV)
- FOadd.jets | * d_ata o 10° 1 add. jet 2 add. jet 23 add. jet CMS
§ %0 13 S‘?. Preliminary
w 25 B twitw—n @
20F by § 1
B [ lwv =
155_ [ QCD/Wijets tw 10
10 Tt
= Il ttbg 1
E MC syst+stat
8‘8 1%m _g 8 1'%%\\;\\;\\5\\\\\ \~““\\-\\\\\$\\\\_. e H\\\\H\\\\\\\\\\\\\\\w% \\\\\\\\\\\\\\\\\\\\\\\\\\\\\
(o] E_ 08? [] E_ O.BE\\\\\\ S ‘\! '\ i\ \é SN o \- 5\%%\\\?\\\\&\\\ x\\\; \R\‘\Q\\,\\\%\L\\\ \gk\r \

40 60 80 100120140160180 40 60 80 100120140160 180 40 60 80 100120140 160180200
P, [GeV] P, [GeV] P, [GeV]



. Uncertainty [%]
CMSMethod andresults
- Trigger 1.2 1.2
[ /isolati |
A Allow to derive bet acceptancer, from data A i e
(Eur PhyS 3(74 (2014 3109 Jet energy scale 0.7 0.9
Jet energy resolution 0.1 0.1
: Single top 0.9 0.6
18
sS1 =L €y 05 - 2e(1 — Cpep) e )
other . .
L vis tt+V 0.0 0.1
SS9 — L - €ep " O Qﬁb Ob Diboson 0.2 0.6
Wtjets 0.0 0.0
. CD 0.0 0.0
S0 =L €y -0025 - (1—2e2C) — 26,(1 — ,Ch)) B 05 05
0 el tt b Mistag 0.2 0.1
Pileup 0.3 0.3
. . . 2
A Implementation in the fit \IE)PS marching | 08 | 01
I Useequationsfor signalcontribution: MG+PY — PH+PY | 0.2 0.4
i DeriveG, R, andRry ,parametersfrom MC ?adronization (JES) 8g 82
i Parametrizethem in terms of 1, Cotop e tion | 01 | 0
A Eachsystematlcsourcelstreated individuallyby Underlying event 00 | 01
suitable variationsof the MCsimulationsor varying T e
parametervalueswithin their estimated St 5T o6

uncertainties

A Eachsourceisfinally representedby a nuisance
parameterwhich isfitted together with the visible
crosssection

A Fitsimultaneously7and 8 TeV, usingasmany | A, (7 TeV) = 3.059-1% ; ;pb (+3.5%3.4%

constraints aspossible, we canlower +0.16 o2 o
uncertainties, Needto take into account A,is(8 TeV) = 4.24™2%, 1 ,pb (+3.7%3.4%

correl&tions between sourcesat 7 and 8 TeV Javior Cucvas, TAE 2015, Bonasque . 27




CMSResults crosssection, polemass
limit on stop production

A(7TeV) = 174.% 2.1(stat)**>, ,(syst) £ 3.8(umi) pb (+3.6%3.49

A(8 Te\) = 245.6+ 1.3(stat)*®4, (syst) £ 6.5(umi) pb (+3.8%3.59

R(8/7Te\) = 1.4% 0.06 (stat+syst) g il ]
R(7/8TeV. NNLO) = 1.430 T [

[pb]

Top polemass
SUSYConstraintsfrom L ]
ttbar CrossSectiorn 2. i
Stop quarkswith massesbelow 189GeV £ - i
are excluded (for light neutralinos) o]

Similar level of exclusionby ATLAS S s - gl
September2015 Javier Cuevas, TAFD15 Benasque 6070 T80 190 200

m. (GeV)



CMSnew cross section Inclusive combination

Most top pair final states investigated
I Mee,t)tjets,Y Yall butt }Y+jets and fullyhadronicfinal states in the combination.

I Highest precision reached in the diepton channels

T All results consistent

CMS prel. dilepton e
TOP-13-004 (L=5.0/fb)

CMS dilepton (ee,pm,eu)l.I
JHEP 11 (2012) 067 (L=2.3/fb)

EPJC 73 (2013) 2386 (L=3.9/fb)

CMSalljets | ToT 1

JHEP 05 (2013) 065 (L=3.5/fb)

[ scale uncertainty
[ scale ® PDF & ag uncertainty

CMS Preliminary, o, summary, (s=7TeV Aug 2015

1745=21 5> +3.8pb

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

5.1
161.9 2520 +3.6pb

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

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

139+ 10+ 26 = 3 pb

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

— NNLO+NNLL (top++2.0), PDFALHC, m —_— 172.5 GeV
Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)

CMS Preliminary,o,; summary, \'s = 8 TeV

CMS prel. dilepton e
TOP-13-004 (L=19.7/fb)

CMS dilepton (ee,uu,eu)

CMS dilepton e/u+t
PLB 739 (2014) 23 (L=19.6/lb)

2456+1.3=2% +6.5pb

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

239+ 2+11+ 6pb

. e
CMS e/u+jets 158.1£2.1+10.2+3.5pb JHEP 02 (2014) 024 (L=5.3/fb) (val. = stat. = syst. = lumi.)
PLB 720 (2013) 83 (val. = stat. = syst. = lumi.)
(L=2.2-2.3/fb)
CMS dilepton e/u+t 143 +14+£22+ 3pb ) 29
PRD 85 (2012) 112007 (val. + stat. + syst. + lumi.) CMS prel. e/u+jets 228+ 9=, =10pb
(L=2.2/fb) TOP-12-006 (L=2.8/fb) (val. = stat. = syst. = lumi.)
CMS T, +jets 152+ 1232+ 3 pb

257+ 3+24+ 7pb

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

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

[ scale uncertainty
[ scale ® PDF ® a4 uncertainty

Aug 2015

0 50 100 150

September 2015

200 250 300 350
o(tt) [pb]

100 200
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ATLASTop palr cross section in theam

channel at 13 eV

ATLASCONF2015033

A Analysisstrategy follows Runlbest
measurement

Events / 20 GeV
5 N » o ®
o o o o o

80F
60}

40
20
0

i select OSA { pT(I)>25GeV, jets 25

GeV)gElbtag,
no MET required
A Countnumber of A teventswith

I exactlyone (N1 andexactlytwo (N2)

b-tagged jets

I extract A,
tY Wa(R,

R e Em e e
ATLAS Preliminary -
|s=13TeV, 78 pb" 1

® Data 2015
[ tt Powheg+PY
| Wt
m Z+jets
[J Diboson
Il Mis-ID lepton

—e—

il

| | PR |
40 60 80 100 120 140 160 180 200

September2015

Muon P, [GeV]

= 200F
180F
7 160F

o
8\
2]
—
c
()
>
L

140f
120F
100F

80
60

40F

20
0

3Gsmd prob. to btag q from

Ny = Loyt €.,26e,(1 — Chey) + NY*®

bke
Ny = Loy ee#Cbeb + N, °°

luminosity of

non-factorisation
data sample

correction from MC
Ebb/EL’ = 1.005 * 0.006

sel. eff.+acc.
incl. BR (0.9%)

RN R R R R R RN R - Ty | a2 L LA R g
ATLAS Preliminary { & ATLAS Preliminary -
E 1s=13TeV,78pb" 1 Q4o |s=13TeV, 78 pb"' -
- 4 o ® Data2015 -
F ® Data 2015 2100 Oott F’owheg+PY—

] tt Powheg+PY 7 | Wi
a + m Wi E 80 M Z+jets 3
r M Z+jets E [ Diboson ]
(1 Diboson E 60 Bl Mis-ID lepton ]

e B Mis-ID lepton
e 401 .
20 -
0

250

PRI i R
40 60 80 100 120 140 160 180 200 50

Electron P, [GeV]

100 150 200

b-tagged jet p_ [GeV]
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ATLASTop palr cross section in theam
channel at 13eV

Event counts Ny Ny

Data 319 167

Wt single top 20.0+3.8 5.6+2.0
Dibosons 1.14+£0.2 0.04£0.0
Z(— 17 — eu)tjets | 1.3+£0.7 0.140.1
Misidentified leptons | 6.0 £3.9 2.8+2.9
Total background 37.3x£55 85x3.5

R=0.527N0.026stat N

0.006syst

In good agreement with
simulation (0.543), includes
jet acceptance

K, (13Te\) =825+ 49, +

6Osyst — 83ﬂum| pb

DN

OCHUICTTTTUCTZU LI

@ 450¢
@ WUE
|%’400—

350
300
250
200
150
100

£200F T

T T T —
ATLAS Preliminary

2180} |s=13TeV,78pb'
1601 ® Data2015
140F E bt-vrowheg+PY—:
120F —e— m Ziets .
100E [ Diboson 3
F I Mis-ID lepton ]
80 4 =
hd ]
601 =
401 =
20. 3
. | L3
T2 3 4 5 36
Njet

I [
ATLAS Preliminary
s =13 TeV, 78 pb™

® Data 2015

Ot Powheg+PY
Wt 3
B Z+jets =
(] Diboson =
M Mis-ID lepton




> T

A

CMSTop pair cross section in theemchannel at13TeV

SameCut and Count technique as in Run £ 180
2160
L

‘5 140
2120

(TOR11005, TORPL2007, TOPL3004) is
used for the measurement

Luminosity: 42 pbt

Eventselection

A €2 (0S) leptons (1 e,t), p+> 20
GeVand [s|< 2.4, and invariant mass
> 20GeV

A €2 jets with p> 30GeVand fs|< 2.4

Background estimation

A Drell'Yan normalized to MC
prediction by a data/MC SF (from Z
peak in data)

A Non W/z: fully data driven technique

A Single top (W) anddibosonare

taken from MC

September2015

S
z

Data/MC

S 100

80

42 pb™ (13 TeV)

CMS

Preliminary

—— Data

m t

I Non W/Z
\AY%

;W

B ZW* — e*u”

e

T 2

Number of jets

Number of events

Source etuT

Drell-Yan 6.4+ 1.2
Non-W/Z leptons 8.5 + 4.3
Single top quark 10.6 &+ 3.4
VV(V=WorZ) 26=+09
Total background 28.1 &+ 5.7
tt dilepton signal 207 & 16

Data 220

Javier Cuevas, TAE 2015, Benasque
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Number of Events

Data/MC

Number of Events

Data/MC

Kinematicdistributions (normalized
to NNLO+NNLL)

42 pb' (13 TeV)

42 pb™ (13 TeV)

42 pb' (13 TeV)

CMS

Preliminary

e +=2jets

—e— Data

M it

8 Non W/Z
A%

; tw

W Zh* — ey’

Number of Events

CMS e + = 2jets —— Data
Preliminary it
B Non W/Z
A%
R

m Zy - et

Number of Events

CMS

Preliminary

50

e +=2jets

—e— Data

M it

8 Non W/Z
A%

; tw

W Zh* — ey’

- ‘ o L I o - —
B . P S o = B T s H o+ ‘ L 1
E —— % | | | —* g\, n — 4#7 | — g EroT H**T I T — AH"H T
%0 20 60 80 100 120 140 160 180 200 %0 40 0 80 100 120 140 160 180 200 *® T80 700 150 200 250 300
Muon P, (GeV) Electron P, (GeV) Leading jet P, (GeV)
42 pb' (13 TeV) 42 pb™ (13 TeV) 42 pb' (13 TeV)
45 CMS e + = 2jets —— Data 2 CcMS e\ + = 2 jets - Data £ CMS e += 2 jets —o Data
4oF- , Preliminary I t 2 Preliminary I i o Preliminary m
E I Non W/Z EE 8 Non W/z w 8 Non W/zZ
v e Y G wW
;. tw 12 ;W g R
W Zh* —e'w | € ZW* = e*u® Y et
3 . Zn u 5 W Zy* - eu

- I |
- S S S SR + '
02 04 06 08 1 12 14 16 18 2 22 2
Muon |l
September2015

Data/MC

4

) S W o bt D
- —— ! | [ i
= . I
% 02 04 06 08 1 12 14 16 18 2 22 24
Electron il
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Comparisonof ATLASand CMSsyst. uncertainties

I luminosity uncertainty dominates (9% 124
A willhl)oe reducedwith dedicatedVVdM scans(performed weekend August
23
| tténodeling
A tt dadronisation(4.5%1.8%
A tt &lLOmodeling, ISR/FSRadiation & PDF 2.9%%2.4%

I detector-related
A lepton triggers (1.345.0%

A electron ID andisolation (4.2, muon ID andsolation (1.64; lepton
efficiency (4.3%

A lepton mis1D 1.361.0%
A jet energyscale(0.3%2.6%

| statistical uncertainty
ATLASanalysed78 pb1(6.0%, CMHA2pbl (7.7

A Crosssection measurements(essentiallysamesystematic
uncertainty) _
Att&= 825N 49stat N60syst N83umi pb , 3+ hdAtta 124 ATLAS)

Atte= 772N 60stat N62systN93umi pb , 3+ £ édhite 184CM9

September 2015 Javier Cuevas, TAED15 Benasque 34



Comparisonof ATLASand CMSresults at
different CMenergies

A Goodagreementin centralvalues similaroverall
systematicuncertainty, but somedifferencesin the
estimates

A(pb) Stat | Syst | Lumi(%)
NNLO Meas. (%) (%)
7 TeV CMS 174.5 1.2 2.5 2.2
ATLAS 1773 182.9 1.7 2.3 2.0
8 TeV CMS 245.6 0.5 2.4 2.6
ATLAS 252.9 242 .4 0.7 2.3 3.1
13TeV CMS 772 7.7 8.0 12
ATLAS 83L.7 825 2.9 7.2 10

IEur.Phys J C74 (2014) 3109
35
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E‘ | I 1 | | | I | | | I I | | | I I | | | | | | I
Q. v Tevatron combined* 1.96 TeV (L=8.8 fb") imi Sep 2015
— " ATLAS o7 TeV (L=4.6 1) ATLAS+CMS Preliminary p
- 3 ® CMSeu* 7TeV(L=51b") LHCIopWG
O 10° &= = ATLAS eu8TeV (L=20.3 fb Y
"5 — ©® CMSep*8TeV (L= 197fb)
(b} — ¥ LHC combined ep* 8 TeV (L_5 3-20.3 fb’)
7)) — ® ATLAS eu 13 TeV (L=78 pb )
7)) — ® CMSep® 13 TeV (L=42 pb )
8 — 4 ATLAS ee/up* 13 TeV (L=85 pb Y
o O ATLAS l+jets* 13 TeV (L=85 pb ) X |
3 O CMS l+jets* 13 TeV (L=42 pb’) 1000+ 4
| st L 4
— * Preliminary
o 10 [ p 1 1
= - Fros ]
7 - 800F STH 1 1
= B ! 1 -
5 B i
< B ! i
I 600 1.
——— NNLO+NNLL (pp) [ | , . )
——— NNLO+NNLL (pp) 13  (s[TeV]
10 — Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 =
— m =172.5 GeV, PDFG? 0 uncertaintief according to PlDF4LHC m
| | | a | | | | L | | | | | | | | 1

September2015

4 6 8 10 12 14
Vs [TeV]
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CMSTop pair differential cross sections

A Test top physics in different portions of the phase space 1 do* 1 Ni .. — Niq
i Test of perturbative QCD, constrain of different generators o dX o teL
theory uncertainties, systematic effectsWindow to new physics
I Use unfolding techniques on backgroundubtracted reconstructed distributions for
a direct comparison to theory predictions
I Propagation of the systematic errors (only shape errors important)
A Most relevant coming from background knowledge, radiation ankiadronization
A Look atlepton, jets, and to more complex variable top quark final states

I Need a full reconstruction of top kinematics
I Compare to reference generators and predictions on differential distribution from theory

1.ds [Gey )

i No significant deviations from SM predictions. visible phasespace
0° CMS, 19.7fb"at 1s= 8 TeV CMS, 19.7 fb'at \s = 8 TeV CMS, 19.7 b at 15 = 8 TeV CMS, 19.7 foat 15 = 8 TeV
6?‘.‘..‘.‘.w..‘.‘..‘.‘.”.‘.‘.‘ b‘:;. e 1 R A | [T I ey T T [
Dilepton « Data ) Tlo f Dilepton ©IT 0.5 e/u+Jets 1 > fefu+Jets « Data
5F — MadGraph+Pythiag 4 —l 0-35 1 o \ 3] [ — MadGraph+Pythiaé
-~ MC@NLO+Herwigé ; o4l Q9 - MC@NLO+Herwigh
g 4f --- Powheg+Pythia6 = 0.3F it 2 --- Powheg+Pythiag ~ |
E-D — - Powheg+Herwig6 F [ ol 10 — - Powheg+Herwigé
L] 3 0.25 0.3F ©lo
o 3 F —lo
[ 0.21 D 02:
of F * Data ) -2F * Data )
[ — MadGraph+Pythiaé F — MadGraph+Pythia6 3L
0.15 c E adGraph+ ial 10
S A S I MC@NLO+Herwigé [ MC@NL%+ngwigB E
i£ : --- Powheg+Pythiaé 0.1 --- Powheg+Pythiaé
F ‘ ‘ R ‘—-P?whe‘mH?rWIg? L b — - Powheg+Herwigé [
Erddiiin i 3|5 E ST I U I W BN I | S I I I I B B B P
E Stat. E 12 Stat = 1.3°E 1 E E
14 s E E E Stat. E 13 E W Stat. g
2‘|n: 1os £ oELOSyst E E'|n, gq | Stal D Syst = 1 2y, 12 [F Stat®Syst 1 o, r2t Siat ®SysL................ pazssszzzcszeass
Qe E —_ El o= F i o|8 E i 5 TE T Hmmmmmmimmimemimee]]
@ |T el O® e 4 olm 11E ; 3 88 e il | 3
= =] 1 1 c|0 1E 1 oo E =1 s ] 2 o T E ————————————
= =i i — R = E 1 F= 1E — e =
0ss £ | = 0s =] L'E 08 =1 = 0 7 g .
®%0°f00 200 300 400 500 600 ° 7545 1 05 0 05 1 15 2 ®8 5 5 A 05 0 05 115 2 40 60 80 100 120 140 160 180 20
I
m; [GeV] M n, P, [GeV]
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CMSTop pair differential in full phase space

A Differential cross section measured as a function of the top quark
and thett system atparton level in full phase space

CMS, 19.7 fo'at 1s = 8 TeV

u n [l X10-3
Good agreement with SM predictions. ¢
) g 7¢ Dilepton : Eﬂgc?Graph Pythiaé 3
.. (0] 6k -~ MC@NLO:Herwig
I Observed topp; softer than most MC g s A
Bt T I Approx. NNLO 1
. . 4 {Phys.Part.Nucl. 45 (2014) 714) —:
predictions. 3 |
of
I pL(tt) in general well described o
e = . - - 4 — ' Stat.® Syst. -
I m(tt) has tail in data lower than prediction. g ¢ 7
£l - S
6 50 00 150 200 250 300 350 \;goo
p! (Ge
3 CMS, 19.7 fb" at \s = 8 TeV CMS, 19.7 fo' at 1s = 8 TeV CMS, 19.7fb"at 1s= 8 TeV
= Qof‘“‘]"\‘Hw‘”w”‘w‘”w‘”;— — L B B L L BN A (]S SRR LA R RN AR RARRY AR RARRARRRE
> Foe/u+ Jels « Data E > [ efu + Jets « Data 1 Ol 0.35F Dilepton E
(4] 18F — MadGraph+Pythiaé D 107F — MadGraph+Pythia6 3 A E E
S 18- -+« MC@NLO+Herwigs - 9O : - MC@NLO+Herwigh 0.3 ]
ol 145 --- Powheg+Pythiaé ~ J = [ --- Powheg+Pythiaé ] 0.25F 3
S 5 100 —-Powheg+Herwigé 1 -8‘E 10%k — . Powheg+Herwigé | E ]
—lb == NLO+NNLL E © E == NLO+NNLL E 0.2k 3
105 (PRD 88 (2013) 074004) e —|E F (JHEP 09 (2013) 032) ] F « Data ]
8 E 1 0.15 — MadGraph+Pythia6 .
E ] 104 arsigren: 4 E --- MC@NLO+Herwig6 b
6 E E E 0.1F --- Powheg+Pythia6 .
4 3 F 1 E — - Powheg+Herwigé 2
S f r 0.06F - Approx. NNLO -
2t M ‘ E 10°F I Eo | | (PhysPatNucl 45 @014) 714 ]
> 1‘3 3 gg{@Sysl. 3 o M g}[g}[:esysp - ' E g%:%:@Syst. ]
SIE 12 23 seesemnneenae o S|g 12 o MM“’”“””j——--—-~—--—-—-—- e e 4
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06 E ‘ s T E 08 . ‘ ‘ ‘ . , E 09 E 3
0 50 100 150 200 250 300 400 600 800 1000 1200 1400 1600 25 2 45 1050 05 1 15 2 25
p; [GeV] m, [GeV] Y,

38

201 i
September 2015 Javier Cuevas, TAB15 Benasque



ATLASt differential: particle level top

A Usewell defined top definition at particle level
I (LHCTOPWG@Ecommendation)
I fully fiducial, differential measurement
I Top quark proxyconstructed from stable particles/detector level

observables

A Cutbasedanalysisin [+jetschannel
I datawell describedby models
I Discrepancyat low m,é
I Maln uncertainties b—tagglng, JES and JER

_Q|% ATLAS - 7Tev, 451" | al3 E ATLAS - 7Tev, 450" ]
a L —e— ] =% C —e— ]
|_(D‘ [ ] stal. @ syst. uncert. i. = "' stal. @ syst. uncert.
—~1 0-2 L ag — ALl YTHIA § ol L - — PO G PYTHIA
B |w= = —_ up, 2 |= — — POWHEGHERWIG
“__8 “E’ ;: hd DU}WN] .8 Q_'_‘] 0'2? - sreeess POWHEG(HERAPDF)+PYTHIA S
5 C e © F . === MC@NLO+HERWIG ]
i == L =3
10% E 5
E = 3 3 =
. ] 107 = =
107 - ___= i
E e
§ ‘ , | 10 £ E
o 1.8 ‘ : o 1.8
3 16 S 16-
I 140 —_—————————— 3 140
% 0.8 9 £ 0.8- E
1] 0.6 I | 1 E| 1] 060- | | | E|
500 1000 1500 2000 2500 200 400 600 800
mitt,) [GeV] p, (1) [GeV]
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E T T T E
ol = ATLAS 1s=7TeV 461"
S| 8 r —e— Data ]
L =T stat. © syst. uncert.
"\ = - — POWHEG+PYTHIA
= - = — = POWHEGHERWIG
© o_l—1 02 = weneess POWHEG(HERAPDF)+PYTHIA
© E - aimiim MC@NLOHERWIG 3
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10 E 3
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« 1.8
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0

My observations:

CM$Sz consistent slope between
data and default MG+P&in all
channels,7and 8 TeV

Full difference counted as
additional systematic effect (also
for SearchesggttH)

ATLAS and CMS data appear in
good agreement at8 TeV

ATLAS PWG+P¥damp=mt) and
other MCs do better than MG+PY
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NNLO/NLO

Top p;+ modeling

A&Oi1l ..,/ Al OOAAOEI
slope, in direction closer to the data

7 __INNLOl:l..
= nLo 277
S L i Fo R ENNNN .
T peimnay) | A Use kfactors to reweight NLO+PS MCs ?
: | = i o A Ultimately NNLO+PS would be great
L i : o
i “-e._ || C Greatto see this dialogue between LHC
° — precision measurements and statef-the
= ~ . art theory calculations
=== C Important step forward in our
o 3o 1w 1 2 2w w40 understanding of Top production !!

Full NNLO/NLOfactor
vs toppT: a slope!

September2015 Javier Cuevas, TAE 2015, Benasque
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CMSTop pair differential cross section at3Te\ cus PAFOR15010
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Single top quark production | [Ppauarks produces singhyia

A The production cross section gives " g ° S "
direct access to the CKM matrix "N S l
element |V}, S—t ) S BT,

] -
I May also test the presence of a : ?
possible4th generation quark t-channel s-channel tW-channe
I Check for presence of FCNC FErEREEEE
I Important background for Higgs Vs=7TeV | Vs=8Tev 0 W vub\
searches in associated production s-channel ® € Ve = Veg Yo Vap
WEHY bb t-channel 65 87
. . Kidonakis, NLO+NNLL
A Investigate t-channel andtW production t-channel: PRD 83 (2011) 091503
.. . . s-channel: PRD 81 (2010) 054028
U s-channel still out of range for an observation fW-channel: PRD 82 (2010) 054018

U t-channet lisolated eor, one btagged jet, one forward jet, missing £ KidonakisNNLO
arxiv1311.0283

U tW channel 2isolated chargedleptons (e,{ ), one btagged jet, missing E

A Main backgroundsfrom top-pair production (both semileptonicand di
leptonic topologies), Z{1)/W(In)+jets, Multijet QCD (educed to extreme
kinematic regions by selection culs

U Use data whenever possible to constrain the backgrounds

September2015 Javier Cuevas, TAE 2015, Benasque
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Single topt-channel

A Robust analysis based on datdriven methods
A Use of multivariate techniques (NN, BDT)

I Optimize S/B separation using full event properties,

constrain systematic effects by simultaneously

analyzing signal and background dominated regions

A Cross sections in agreement with the SM
expectations, V,,| can be derive(V |, [V | << |V |3

Il'I D—f —ch.

| +th
\.' r:Ir!—c’h.

|th| — —[1.020 &+ 0.046 (exp.) £ 0.017 (theor.)

092 < |Vyp| <1 |@95% C.L.

JHEB6(2014 090

A Analysis ported to8 TeV(template fit to [hyl)

i fitto the pseudorapidityof the recoil jet in the signal regiori30

<My, <220GeV

Events/0.25

i WI/Z+jetsandtt background shapes are estimated from data

(from top mass sidebandsnd 3 jets 2 b-tags event category,

respectively)
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: T : =
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f.» anomalousform

i QCDmultijet background is fixed with a fit to the W transversdactor inthe Wtb coupling
mass (nuon channel)/ transversemissing energy (electron If., V,|=0.979+ 0.045exp.) +0.01Gtheo.)

channel)

Javier Cuevas, TAE 2015, Benasque

Stch.8Tev)=83.6 £ 2.3 (stat)+ 7.4 Gyst) pb

CSentember?t15
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