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Lepton+Jets @ 8TeV ras-top-12-006 %(IT |

ut far Technologie

l+

W 2 channels: e+jets and y+jets B v
W 1 isolated e(u) with p; > 30(26)GeV w?
B Atleast 4 jets with p; > 45/45/35/35GeV -
W At least 1 of these jets b-tagged e t t
® Binned max. likelihood fit to M, 9 g
.

® [nvariant mass of the [+b system
W Jet-combination with lowest 2
W Lept. b-candidate must be b-tagged

® Preliminary combined (e+u) result based
on 2.8fb™

CMSP Im ry 2.8fb™ at ys =8 TeV
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A paper with an improved analysis method and based on 1°°§
the full 8 TeV dataset is on the way...
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Dilepton @ 8 TeV JHep 02(2014)024

® 3 channels: e'e, W'y, e"u*

W 2 isolated oppositely charged leptons with
pr > 20 GeV

® [nv. mass of the lepton pair m, > 20 GeV,
Veto on Z mass window

m 2 jets with p; > 20 GeV

W At least 1 of these jets b-tagged

® MET > 40 GeV (only for,ee and pp),

W_

</

. &1 20001 CMS 15 = 8TeV, L =53 b
@ Cut-and-count analysis g & cheme

8000}

High signal fraction in ep

-+-Data
Evv

B Non W/Z
W Single t
Eby

T

it ]
Uncertainty —

channel

— most precise channel 2
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Dilepton @ 8 TeV JHep 02(2014)024
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B Results based on 5.3fb!, assuming a top mass of 172.5 GeV

et

e

prp

et

etotal (%) 0.203 £ 0.012

0.270 £ 0.017

0.717 £ 0.033

o (pb) 2443 £ 5.2+ 18.6 £ 6.4 235.3 +£ 4.5+ 18.6 + 6.1

239.0 £ 26 £11.4 £+ 6.2

® Combined using BLUE

Dominating channel

o = 239.0 £ 2.1 (stat.) = 11.3 (syst.) £ 6.2 (lum.) pb

® The top mass dependence between 160 GeV and 185 GeV can

be parameterized as

0/ 0 (i = 172.5) = 1.00 — 0.009 x (mg — 172.5) — 0.000168 x (my — 172.5)
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Dilepton with a t @ 8 TeV arxiv:1407.6643, sub. to PLB
"
@ 2 channels: et, gt (hadronically dec. T) 5 v
W 1 isolated e(u) with p; > 35(30)GeV w*
B At least 3 jets with p; > 30/30/20GeV -
® At least 1 of them b-tagged Ve t t
= . b

1 t-jet with p; > 20 GeV and opp. charge Vv
than e(u)
® MET > 40 GeV

@ Cut and count analysis | 6 s 10w

CMS —— data

B  dileptons

I DY +diboson
single top

) misidentified 7,

B -1 +X

otal uncertainty

10*

W Background estimation: 10

® Misidentified t: mainly ttbar — e/ +jets — .
misidentification probability is estimated
in control samples (data)

® All other BG normalizations are taken 1 :
from MC simulation Ny tag

10
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Dilepton with a t @ 8TeV arxiv:1407.6643, sub. to PLB e .

® Dominating systematic uncertainties T, jet identification, T,
misidentification,
B Results based on 19.7', assuming a top mass of 172.5 GeV

0i(eT,) = 255 + 4 (stat) & 24 (syst) = 7 (lumi) pb,
0w(UTh) = 258 £ 4 (stat) = 24 (syst) £ 7 (lumi) pb

® Combined using BLUE

o = 257 £ 3 (stat) &= 24 (syst) == 7 (lumi) pb

Linear dependence on the assumed top quark mass
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Summary of inclusive cross sections @ 8TeV
I
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Summary of inclusive cross sections @ 8TeV =
I

CMS Preliminary,o,, summary, is = 8 TeV July 2014

CMS dilepton (ee,up,ep) 239+ 2+ 11+ 6pb
JHEP 02 (2014) 024 (L=5.3/fb) (val. = stat. = syst. x lumi.)

Will be updated with full

CMS prel. e/u+jet 228+ 9+ +10pb
8 Tev dataset’ paper On TOF‘-12-F()):)§ (sz.l;;tj)e ® (val.:stat.zzssyst.:Iuﬁli.)
the way

. CMS prel. e/p+t 257+ 3+x24 =+ 7pb
Paper submitted to PLB TOP-12-026 (L10.61) (vl = stat. = syst. = umi)

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

[ scale uncertainty
[ scale ® PDF @ a uncertainty

| | | |
100 200 300 400

o(tt) (pb)
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Reconstruction and Unfolding

pppppppppppppppppppppp
¢ Dal ded: Mon May 2 10:44:23 2011 CEST
> Run/Event: 163617 / 665608568

@ Reconstruction of top pairs
B Assignment of measured leptons and jets to the final state leptons and quarks
W Ambiguities in the jet-quark assignment, missing jets due to acceptance
® Ambiguities if more than one neutrino (dilepton)

@ Unfolding to correct reconstructed top pairs to parton level
W Event selection effects
@ Migration effects due to imperfect reconstruction
W Describe these effects with a smearing matrix — unfolding done by matrix inversion
B Regularization prevents stat. fluctuations getting bigger in unfolding

® Normalized cross sections: some of the syst. uncertainties cancel out
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Lepton+jets and Dilepton @ 8 TeV ras-top-12-027/028 St
B

. . . 0 CMS Preliminary, 12.1 fo™' at {s = 8 TeV CMS Preliminary, 12.1 o' at s = 8 TeV
. Normallzed dlff- CrOSS SeCtlonS '.7_' 10?"‘!‘I"‘J“\‘C“‘\b_“‘d‘l'“'I'b"tl""l“": "T_| I"'I“‘\"'I"‘I\D“‘\“‘
. > [ e/u + Jets Combine * Data E e/ + Jets Combined * Data
using 12.1 (122)fb'1 3 % " — MadGraph 1 g o2 g — MadGraph |
L T e BT BRpS A
@ Compare unfolded distributions v! 3 7 O §E - POWHEG
. . A F o ) 3 o 403
to predictions: f i
5F -
| MadGraph+Pythla 4 Lepton+jets
® PowHeg+Pythia i o
B MC@NLO+Herwig 1 o ]
® Approx. NNLO °o"5'o'1001502662'56":3636 10° 400 600 800 1000 1200 m::gge\;?oo
@ Main systematic uncertainty: CMS Preliminary, 12.2 f6'at 15 = 8TeV . OMS Preliminary, 122 1b'at 15 = 8TeV
Signal modeling (Q? scale,... s T oy e o] % L Diepton Gomiined |« Datm
g . g. ( ) - 0.6:— plepton Gomined _ a;dGraph D‘Q:: - L ) —hDd;dGraph
B Good description of data by - = mceno | BEwo- MOGNLO -
T s --- POWHEG ] -
SM predictions 50 Approx. NNLO ; ;
0.4 .
: Dilepton ]
B Cross section also as a function o E :
of lepton- and jet-kinematics in 02t ] N .
visible phase space b N\ : ]
% 50 ioo is0 200 =m0 a0
¥ p‘T[[GeV]

A paper on lepton+jets and dilepton using the full 8 TeV dataset is on the way
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Global event variables @ 8TeV pras-top-012-042
I

CMS Preliminary, £ =19.7fo ! at \/s =8 TeV CMS Preliminary, £ = 19.7 fb lat/s=8TeV
- . . e, /1 + jels combined, > 4 jets, > 2 b-tags - __ e p+iets co‘mk‘nne‘zd,‘z 4 jets, > 2 b-tags
@ Normalized diff. cross sections T | T dedana | L § unfolted data ||
H - o L i @ A [ t (MadGraph) ||
using 19.7fb"" 9, ) s | £ .0.0041 L1 tF (MC@NLO) ||
. Lo ohychamnel & S S foeono
eptontJets (e/d) channe -t o ]
0.010 0.003- | K= 7]
@ Compare unfolded distributions ; — H; = 3. .p/*
T et ] T jets ]
to predictions: e T e ]
. MadGraph+Pythla 04004:7 — N . 1
0.001+~ =
a MC@N LO+HerW|g 0.002f- | ] I - ]
| POWHeg+PythIa 0000 s L o \)z]’o 0,001+ gy g 8%‘ . \1/] 0
,llglL\S e T e
i i CMS Preliminary, £ = 10.7 fo~! at /5 = 8 TeV i 07 folat e
W JES Is largest systematic e e 1 v A
u In L i + unfoldeddata |- & 0.010- .
S gy Do 2T e
g .= o 3 i 7
@ Unfolded data distributions e el o ] ntuceNL0) |
H e ) 1
are V\_lel_l described by " ; |
t 0.006 ~ —
predictions ol ;
= L 3 + ]
uoma’—S $— H + MET+ lep - 0.004- ]
o7 = My Pr , ]
OOOIOi .............. 7 : :
i 0.002 = -
0.0005] ] ] 1
: I I ——
00000 “=—xjg*=300™400~"500 600"~ 7008009001000 0.000§————50 T2
1 [GeV] pY [GeV]
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Jet-multiplicity in Dilepton @ 8TeV ras-top-12-041

@ Normalized diff. cross sections
using 19.6fb-' as a function of
the jet-multiplicity

...for 3 different jet-p; thresholds

Understand the radiation
modeling in Monte Carlo

Compare unfolded distributions
to predictions:

® MadGraph+Pythia

B MC@NLO+Herwig

® Powheg+Pythia
Gap fraction:

@ fraction of events that do

not contain additional jets
above a given threshold

N(p;)

f(pr)=—

total

CMS Preliminary, 19.6 f'at Vs = 8 TeV

E T T T T
F Dilepton Combined pj:‘> 30 GeV
E —— MadGraph+Pythia 5

* Data .

- -~ MC@NLO+Herwig 3
---- POWHEG+Pythia

100 | ! | | T
o 1.5 E El
e 3 — E
Z 1E .
8 E g

08 =y 3 ] 5 E

Jets
CMS Preliminary, 19.6 b at {s=8 TeV
c 105 ey
o £ Dilepton Combined 3
-— 1= =
Q = =
© E 3
=095 3
% F 3
0.9 3
(D = ]
0.85;— —;
08 o * Data =
0 755 [ Syst+Stat error E
TR —— MadGraph+Pythia 3
0.75x —— POWHEG+Pythia E
065+ e MC@NLO+Herwig 4
016- | | | _:
© A
© 1.05[:— -
S —
X :
2 o
_E
'_

+ additional jet p, [GeV]
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CMS Preliminary, 19.6 6" at /s = 8 TeV

E I T
F Dilepton Combined

I I
p':s 100 GeV
* Data ]
E MadGraph+Pythia 3

---- Matching up

= | | | | =
= 0 1 2 3 El 3

Jets

CMS Preliminary, 19.6 fb" at {s=8 TeV

R B o S o e A S o s
- Dilepton Combined 3
;7 ol ..*;'-'c"":-m:- Jenesana e 4‘%
c s .
L el ]
ey 1
;: « Data A
5 [ 1 Syst+Stat error ]
— —— MadGraph+Pythia ]
I MadGraph 4*Q° ]
r MadGraph Q%4 .
I -- MadGraph matching up ]
~ MadGraph matching down —
:‘ P R BRI PR PRI IR P Ly ‘:

40 60 80 100 120 140 160 180 200
2" additional jet P, [GeV]
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AT

Overview about top properties
I

Covered in this talk:

Production:
Charge asymmetry
Spin correlation

l+

b Y

Decay:
Branching ratios
W helicity fractions
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Charge asymmetry A, ﬂ(“‘ s

® Higher order effect: interference of diagrams

A
events

q t g ——gOO0000—>— ¢ a t o t
>~wmw< 4+ I A >2muv<+>¢mmé >
q i 9 T*AQQ00Q0 A1 q Poa 7

® Only in qg-initial state, not for gg

—top
—antitop

W Effect is smaller at LHC compared to Tevatron S "
> i ble:
® LHC: pp collisions 2 no FB-asymmetry STSTve Va”a_ ©
Alyl=ly =]y
Definition of charge asymmetry
- N,—N.
® Theory prediction Aczm
® Kuihn, Rodrigo: A, =0.0102 £0.0005 - -

@ Bernreuther, Si: A, =0.0111 £0.0004
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A_in Leptontjets @ 8TeV rasToP-12-033

W e+jets and p+jets combined
W 1 isolated e(u) with p; > 30(26)GeV
B At least 4 jets with p; > 30 GeV
W At least 1 of these jets b-tagged

@ BG-contamination ~20%

@ BG-subtraction and regularized
unfolding

® Inclusive and differential (mg, p.s, vy
measurements using 19.7fb""

Asymmetry Ac

0.003 + 0.002 (stat.)
0.002 £ 0.002 (stat.)
0.005 = 0.007 (stat.) + 0.006 (syst.)

Reconstructed
BG-subtracted
Unfolded

0.0102 £ 0.0005
0.0111 £ 0.0004

Theory prediction [Kiihn, Rodrigo] [9, 33]
Theory prediction [Bernreuther, Si] [34, 35]
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L ~apen . T T T T T
[ CMS P_:ellmlnary — Data

19.7fb" at Vs=8TeV
I A;=0.005+0.007

| l+jets

—— NLO prediction 1 |
0.6

1/c do/d(Aly])

2 4 0
o 015 ——/——————T7 7
- CMS Preliminary — Data
| 19.7 fo'at Vs=8TeV EAG1.0TeV % ]
- l+jets —— EAG1.5TeV
0.1 —— NLO prediction 1 7]
B —— NLO prediction 2 |
0.05/- ]
- l T :
ol I ! _
) L
0'0500 400 500 600

700
m, [GeV/c?]

* Effective Axialvector-coupling of the Gluon
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A_ in Dilepton @ 7TeV JHePo4(2014)191

B e'e, u'y, e*p* combined P
® 2 isolated leptons with p; > 20 GeV ~ ..

B At least 2 jets with p; > 30GeV
® At least on of them b-tagged G
Low BG-contamination ~8%

BG-subtraction and regularized
unfolding

® Inclusive and differential (mg, p.s, vy
measurements of A '*P using 5.0fb"

Data/Simulation

® Inclusive measurement of A,

Variable Data (unfolded) MC@NLO prediction ~ NLO theory
Ac —0.010 £ 0.017 + 0.008 0.004 £+ 0.001 0.0123 4= 0.0005

Algp 0.009 £ 0.010 £ 0.006 0.004 £ 0.001 0.0070 £ 0.0003
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CMS, (s = 7 TeV, 5.0 b
““““““ e

20
< 0.06 o (Data - background ), unfolded —

MC@NLO parton level
0.04 —

0.02

L e e e o e e e e e .

«  (Data-background), unfolded
0.6 Systernatic uncertainty -
MC@NLO parten level

- I2
Aly]

Data/Simulation

2
Aly|
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Spin correlation @ 7TeV prrL112(2014)182001
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- -C'M's"s;owit{"at'\'STT‘TG'V' R R R —~ fCMS’.s'o.m]'at,‘s.=.7T?v. —_——

i T e i B i T (ol unoled

The difference in @ of the charged Ty .o b ar® uconopmmion]  § O limamerszas  Sm e
leptons is sensitive to tt spin § S g == E
correlations. = —  § E
Can be measured precisely without 035 ERS bs E
reconstructing the full event 0.3f - 2% E
kinematics ool T i = osr _ :
--------------- 0.4F 3

0.2f- 7 B ]

05 1 15 2 25 3 5 L5 ]

® e'e, u'M, ey combined

® BG-subtraction and regularized
unfolding

® Results based on 5fb

® The A,, result strongly disfavors
the uncorrelated case

N(A(/)z/mg— > 71'/2) —N(A(/)g}g— < 72'/2)

Ar, =
8 " N(Appip- > 7/2) + N(Adpip- < 1/2)

N(CICZ > O) _N(CIC2 < 0)

A. o, =
cico N(ClCz > 0) + N(cl(;z < O)

Asymmetry Data (unfolded) MC@TNLO NLO (SM, correlated) NLO (uncorrelated)
Any 0.113 +0.010 + 0.006 + 0.012 0.110 4 0.001 0.11519018 0.210+0913
A, —0.021 +0.023 £ 0.025 + 0.010 ~0.078 £ 0.001 —0.078 £ 0.006 0
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® Fraction of top decays into Wb
® SM predicts R ~1

W e'e, u'y, e*UT channels
W Use the b-jet multiplicity as sensitive
variable

® Results are based on 19.7fb""

Combined result:

R =1.014 £0.003 (stat.) £0.032(syst.)
Interpret as limit on R:

R > 0.955 @95%C.L.

3 generation CKM matrix being unitary —
translates into limit on |V

IV,,| > 0.975 @95%C.L.

Assuming top decay into 3 generations and

11.08.14 Top quark pair production and properties in CMS

R = BR(t to bW) / BR(t to Wq) rLs 736(2014) 33 A“(IT |

CMS, Vs=8TeV, [Ldt=19.7 fb"

= L B B AR
= F 99.7% CL ;
tT, 0.95— 95% CL -
@ = -
a C - 68% CL ]
= o9 =
,t C
au?l 0.85- 4
x  f .
0.8 -
0.75 3
0.7 A
0.65 —
1Ly 1l L1l ] | |:\ I | Ll
0.6 0.7 0.8 0.9 1 1.1 1.2
Measured R
CMS, Vs=8 TeV, J L dt=19.7 fb™
< 3 A AL S L L B R B
E = £ ao000f r } e /-]
"L s /4]
25~ ] s
5 E
M\
212 E
.
[\ i /
1 5__ \: 0 1 2 : 3 4 /
“~L b-tagged jet multiplicity /
E \ = combined /
= N 7
- \ :
[ N /
0.5 N /s —
B Ve
_ // ]
1T R RI\T"'-\»_‘_I | 1]

il il 1 J | 11 111
0.94 096 0.98 1 1.02 1.04 1.06 1.08
R=B(t— Wb)/B(t— Wq)
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W helicity in top decays ras-top-13-008
I

1 dr 3 3 3 B 1.
— - = [y =(1—cos®0") + F_ - —(1 —cos0")* + F - —(1 +cos0)* & § oK, = = lefthanded
I"dcost 4 8 8 35 [ . =~ + longitudinal

I~ L N, e right handed

(SM: F,=0.69 F. =0.31 F., ~0) A

@ p+jets channel
@ Reconstruct top quark

FromF,+F +F;=1: 1000

kinematics
® Fit to the cosB* distribution
"‘\"'\“w“'l“‘\"'\“w-tEmuonﬂets
® Results are based on 19.6fb"’ so00| WS pretiminary aTeV, 196 " | gl
000 st -,
Fo = 0.659 +0.015(stat.) = 0.023(syst.) S3000]
F;, = 0.350+£0.010(stat.) = 0.024(syst.) E b

Fr = —0.009 £ 0.006(stat.) £ 0.020(syst.)

@ AR R AR AR AR PN =
T Sy T LR T P sy T Ny
) 5 : R ¥ S
a = L1l L1 ‘ L1l L1 ‘ L1l ‘ L1 ‘ L 11 ‘ L1 | L1 1=
= 08 -06 04 -02 0 02 04 06 08 1

cos(6%)

Good agreement with SM-predictions!
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@ Measurements of top pair cross sections and
properties have been performed at 7 and 8 TeV

® |nclusive cross sections

W Systematically limited
® Good agreement with predicted cross sections

B Differential cross sections

® Cross section measurements as function of the
kinematics of top quarks, leptons, jets, and global
event variables

® Good description of the data by simulation
® Properties
® No deviations from the SM predictions

11.08.14 Top quark pair production and properties in CMS Thorsten Chwalek (KIT)
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Dilepton @ 8 TeV JHep 02(2014)024

W Background estimation:
® Single top and diboson from MC simulation

® Drell-Yan: ratio of events outside/inside Z mass window from
simulation is applied on data events in the Z mass window

® Non-prompt leptons (jets misidentified as leptons): estimated in a
sideband region in data

® Dominant systematic uncertainties:
B Jet energy scale: 5 — 10%
W [epton efficiencies: 4 — 6%
W Factorization and renormalization scales: 6%
® Drell-Yan estimation (only ee and pp): 10%
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CMS ?
A_in LeptontJets @ 7TeV pras-Top-14-006 A“(IT

HARGE A SYMMETRY ATLAS+CMS Preliminary Vs =7 TeV
MS TLAS COMBINATION TOPLHCWG  March 2014
. . ey . (stat) {syst)
Combination done within the TOPLHC
working group CMS ——e—1— 0.004 + 0.010 + 0.011
[PLB 717 (2012) 129]
ATLAS CMS Comb. Corr. Ly 0.006 + 0.010 + 0.005
Ac 0.006 0.004  0.005 0.058 ATLAS ’ - -
[JHEP 1402 (2014) 107]
Statistical 0.010 0.010  0.007 0
Detector response model 0.004 0.007  0.004 0 H—e—H
, Signal model < 0.001 0.002  0.001 1 ATLAS+CMS 0.005 + 0.007 £ 0.006
8 W4jets model 0.002 0.004  0.003 0.5
£ QCD model < 0.001 0.001  0.000 0
5 Pileup+MET 0.002 <0.001 0.001 0 Theory (NLO+EW) 0.0115 + 0.0006
MC statistics 0.002 0.002  0.001 0
Model dependence
Specific physics models < 0.001 * 0.000 0 | | |
General simplified models * 0.007  0.002 0 -0.05 0 0.05
Systematic uncertainty 0.005 0.011  0.006 A
Total uncertainty 0.011 0.015 0.009 C
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