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Outline 404,
* Introduction: top quark pair production
* Inclusive measurements :

« lepton+jets : Phys. Lett. B 720 (2013) 83 (2.3fb"1) TeV

 dilepton : JHEP 11 (2012) 067 (2.3fb™?)

« tau+jets : Eur. Phys. J. C73 (2013) 2386 (3.9fb%) — Determination of
« dilepton with a tau: Phys. Rev. D 85 (2012) 112007 (2.2fb1) m¢poe and o (My):
« all jet: JHEP 1305 (2013) 065 (3.5fb™) ) Phys. Lett. B 728
* lepton+jets : CMS PAS TOP-12-006 (2.3fb™) aTeV (2013) 496

» dilepton : JHEP 02 (2014) 024 (5.3fb™)

 Differential measurements :

» dilepton & lepton+jets 7TeV: Eur. Phys. J. C73 (2013) 2339 (5.0fb1)
» dilepton 8TeV: CMS PAS TOP-12-028 (12.1fb)
* lepton+jets 8TeV: CMS PAS TOP-12-027 (12.1fb)

e Jet multiplicity :
* lepton + jet 7TeV: arXiv:1404.3171 (5fbl)

- dilepton 7TeV: CMS PAS TOP-12-023 (5fb)
« dilepton 8TeV: CMS PAS TOP-12-041 (19fb)

« Ratio o(ttbb)/c(ttjj) :

e 7TeV (5fb1) CMS PAS TOP-12-024 & 8TeV (19.6fb1) CMS PAS TOP-13-010
29/04/2014 J. Fernandez 2



-

- : fzzno
Top quark pair production =%

top-pair strong production

: t  swwooor——f  a t

g t osooooo—t g f

LHC gg fusion > 84%
 Top quark is heaviest elementary @ J99 °

particle
e . : Czakon, et al.: PRL110(2013)252004
e Lifetime shorter than timescale of NNLO+NNLL  “zacon.eta (2013)
hadronisation Oyor [PD] scales [pb] pdf [pb]
e NNLO and NNLO + NNLL calculations <0110 (15%) +0.169 (24%)
) Tevatron 7.164 -0.200 (2.8%) 0122 (1.7%)
exist i :
N . LHC 7Tev 720 +4.4 (2.6%) +47 (2.7%)
e Sensitive to new physics & test of o f;‘;//’) *;32(;?)
pertu rbative QCD LHC 8 Tev 2458 -8.4 (3.4%) 6.4 (2.6%)
. ) ¥227 (2.4%) +16.2 (1.7%)
* Can constrain modeling (PDF, ISR/FSR) | LHc 14Tev 953.6 339 (36%) 188 (19%)

 |Important background to many Higgs
and BSM searches

29/04/2014 J. Fernandez 3



I,
W E
; v, q Top Pair Branching Fractions
-~ o
“alljets” 46%
Vitb b

« Decays ~100% to W- THets 15%

boson and b-quark —
|Vtb| ~ unity

vt \%
114_“ 2';/&0
- Final state topology "\;’f\,, R I 1+jets 15%
depends on W decay Whe

ctjets 15% )
"dileptons™ "lepton+jets™

29/04/2014 J. Fernandez 4



Reminder: CMS detector .9

m“::fwu ECAL Muon System
1 OvoreR: dlmaker sa'm' | DT, RPC, CSC.

eetctole  © 3"%esla | Coverage up to

In|<2.4.

PRESHOWER

PbWO, crystals |n|<3.
High segmentation:
1 0.0174x0.0174 in nx®.

RETURN YOKE

SUPERCONDUCTING
MAGNET
Made of brass

FORWARL :
CALORIMETER alloy and iron.

High granularity Silicor’{(é‘i'etector. In|<2.5 M GO
Pixels: sensors 100x150 um2. 66M channels.

Strips: pitch 80-183 um. 9.6M channels

Solenoid

Superconduting solenoid in NbTi. High magnetic field
(3.8 T) surrounds the tracker and calorimeters. Inside

the muon chambers the magnetic field value is 1.8 T
29/04/2014 J. Fernandez




CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25

w— 2010, 7 TeV, 44.2 pb !
w2011, 7 TeV, 6.1 fb !
— 2012, 8 TeV, 23.3 !

20 '

=
(6]

=
(=]

6]

Total Integrated Luminosity (b ')

0 .
<
N p.? \"1\0“ &\o“

AW w0 e o ot o
Date (UTC)
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CMS data at LHC7 & 8 Tev .00

25

20 5fbl @7TeV + 20fb-1@8TeV:

1 5.5 million top pairs

~1 top pair / second in
10 2012




Inclusive measurements
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: 40k,
D I I e ptO n 8Tev UN]\'ERSO\'!EDO
JHEP 02 (2014) 024
CMS PAS TOP-12-007

2! | \ T o bam

S 120001 OMS 15 - 8TV, L= 5.3 b Bw -
« 2 opposite sign isolated high-pT leptons Sioooo- ¥t g o 5.3fb?
— mll > 20 GeV e @8TeV
e 2 high-pT jets (pT>30GeV), at least one
b-tagged jet
* Cut and count approach, dominated by :
ey, significantly less affected by DY oot | ] i il
baCkground O Jet multiplicity
* DY and non-W/Z background estimated %@ ‘gsoooi_c;ﬂff—ﬂlevi—wb" =T
from data %, oo ov
&
* Dominant systematics: fact./ren. scale, ’5)}
lepton efficiencies and jet energy scale ‘?o,o
o
5,=239 +/- 2 (stat.) +/- 11 (syst.) +/- 6 (lum.) pb, 4
for an assumed top-quark mass of 172.5 GeV o 0 1 -
-jet multiplicity

29/04/2014 J. Fernandez 8
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Lepton + Jets 8TeV e

CMS PAS TOP-12-006

2.8fb"at /s=8 TeV

CMS Preliminary

Vi R A R R AN R AR AR RN RAREE
800 - S < e/u +iet
% 700; //7 [ tt other é e H Je S’
g 600 ) =i,j,'v” 3 2.8fb1
* Exactly 1 isolated high-pT leptdn Tome : @8TeV
* Atleast 4 high-pT jets (pT>30GeV) g so- 3
L 200 3
* At least one b-tagged jet 100 | ;
o 14 ! ; penasszsss U ton e
* QCD background shape from data: ~ § '3 ”+++++ﬁ++++T.T,ﬁ+l++ W |
— Require non-isolated leptons 080 100 180 200 250 300 350 ﬁ% (450\'7)00
e
— Remove all non-QCD contributions using o
. . CMS Preliminary 28" at {s=8TeV
simulation ¢ > TOOTTITT T T
* Binned likelihood fit of Mib: Y o eoof
— Top pair signal & QCD shape /?é/é % 5002— —
— Other backgrounds from MC 6& o 400}~ Fit 22indf =049 —
- Dominant systematics: b-tagging and jet % w00 ]
energy scale ° o :
100; E
oz (combined) = 228.449.0 (stat. ) f%g:g (syst.)£10.0 (lumi.) ph| o e Atttttsssctansomes

. . M., (GeV)
29/04/2014 J. Fernandez Mub fitted u+jets "
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: A’“@z
S u m m a ry I n CI u S |Ve 8Tev UNIVERSIDAD DE OVIEDO

CMS Preliminary, o, summary, ys =8 TeV Feb 2014

CMS dilepton (eeup.en) 239+ 2+ 11+ 6 pb I n p re p ar atl O n :
JHEP 02 (2014) 024 (L=5.3/fb) (val. £ stat.;s.sy;ﬂ.oi/(l:mi.} reS u |t With fu | | I u m i

and Top LHC WG
CMS prel. e/u+jets 228+ 9+ 5 +10pb common

TOP-12-006 (L=2.8/fb) {val. % stat. + syst. + lumi.)

14% systematics

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

[ scale uncertainty
[__] scale @ PDF @ a_ uncertainty

| | | |
0 100 200 300 400

o(tt) (pb)

29/04/2014 J. Fernandez 10




: : fzzno
Inclusive Cross Sections 7TeV ...

 Allfinal states investigated (except | cMs Preliminary, 5 summary, s = 7 TeV
tautau) ol
.. . . . CMS e/ptjets 158+ 2+10+ 4
* Similar event selection in dilepton PLB 720 (2013) 83 (vl  tat. + syst. & lumi)
. (L=2.2-2.3/fh)
and lepton+jets modes ol
— All hadronic: at least 6 high-pT jets, at CMS dilepton (e jup.ep) 162+ 24 5+ 4
=2 3ifb val .+ stat. + syst. + lumi.
least 2 b-tagged JHEP 11 (2012) 067 (L=2.3/fb) {val.+ stat. + syst. & lumi.)
— Tau+jets: at least 3 high-pT jets (>1 b- _ =
. : CMS dilepton (e/p+t, ) 143+14+22+ 3
tagged) +tau jet; fed into ANN PRD B5 (2012) 112007 ? {val. + stat. + syst. & lumi.)
T . . (L=2.2/fb)
 Measurements from likelihood fits
— -
e D dri : f : CMS 1, +jets 152 +12+32+ 3
ata-driven estimates tor main EPJC 73 (2013) 2386 (L=3.9/fb) {val.+ stat. + syst. & lumi.)
backgrounds
] ==
« Good agreement between data and | CMSalljets 1992102262 3
JHEP 05 (2013) 065 (L=3.5/f) {val. + stat. + syst.  lumi.)
p red iCtionS — NMLO#MMLL {top++ 2.0}, POF4LHC, mm =172.5 GeV
. . Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013)
* CMS dilepton (4.2%) more precise | ER ety |
than LHC (Sep 2012) combination! | | | | |

0 50 100 150 200 250 300
o(tt) (pb)

29/04/2014 J. Fernandez 11



Turning cross-section dependence on o,

and m, into measurements

Based on the most precise CMS
measurement at 7 TeV in the dilepton
channel (JHEP 211(2012)067):

— At hadron colliders o, has large theory
uncertainty (missing NNLO contributions)

— Use approx. NNLO calculations for o(tt) to
determine o at fixed m,

— Most probable result from joint likelihood
theory @ experiment

First determination of o from of(tt)
m.Pole = 176.6+3.8-3.4 GeV
a (M) =0.1151+0.0033-0.0032

29/04/2014

o
Q
S
o

G, (Pb)

J. Fernandez

m.P°"® and a (M,) from cross section

220 B

200+

-

Ad ap
nnnannn
0000660

UNIVERSIDAD DE OVIEDO

Phys. Lett. B 728 (2013) 496
fs_=}.'Tgv;lu{ my) = o184 _
' e cr.ns L= 23fb‘
- Top++ 2.0, ABM11
- Top++ 2.0, CT10
Top++ 2.0, HERAPDF1.5

Top++ 2.0, MSTW2008

.'.:»HTIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

||l|ll\fll

A .lH-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

180 Top++ 2.0, NNPDF2.3
160~
140f- S
B EBn=
- EWo= <
= E s:(\l = s,
120 AR = T TP S,
165 170 175 180 185 190
n.l[pole (GQV)
Vs =7 TeV; mi°" = 173.2 GeV
T T | T T T I T T T l T T T I T T T ' 'l T T I T T T
L ——— cMS,L=23fb" : 4
220[~ _ .- Top++ 2.0, ABM11 —
[ -.@- Top++2.0,CT10 : ]
200 .9 Top++ 2.0, HERAPDF1.5 : ™
- --m- Top++ 2.0, MSTW2008 : i
180 == Top++2.0, NNPDF2.3 | jg=loii== =
150:— .................. _:
I § -
lllllllllllllll - (GRS 7]
Y 4 —==5 -
- =T Oy 1
120 L. - l‘ll | L Il Il I L L Il l L L L I Il L L l :I i L I L L l_
0108 011  0.112 0.114 0.116 0118 0.12 0.122
as(mz)
12
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Differential measurements

J. Fernandez
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Differential Top Pair Cross Sections at 8 TeV “ﬂ?’

CMS PAS TOP-12-027/028 : Lepton+jets and dilepton,12.2fb! @8TeV
* Unfold experimental distribution by CMS Prefiminary, 12.1 fo” at /5 = 8 TeV

- - X o 10ET I L I | 3
instrumental effects correcting bin- 5 o/ + Jets Combined  Eoes
. . . Lﬁ 108 9 tf Other
by-bin migrations B arets.
o . . ) 10° [1QCD Multijet =
* Similar selections to inclusive meas. » = Divoson”
Measurement of kinematic .,
distributions ol
— Test theory predictions m
— Enhance sensitivity to new physics ; e e
— Use for PDF constraints Nosets
CMS Preliminary, 12.2 f'at {s = 8 TeV
* Strategy g 1T T T T T T3
. _ 3 Dilepton Combined e Data ;
— Reconstruction of the top-pair . T
Kins ti PP [ Single Top 3
System Rec((e)rx?sat'.r}ﬁction (b L - "’é M ? =§Vf+§e§ epe,'uu:
(Dileptons) g7 10 Ez/ron
— Correct for detector effects p 3 300 Mt -
(unfolding) o

— Differential cross sections
normalised to cross section

measured in-situ : :
29/04/2014 J. Fernandez
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: : HOk,
Top quark kinematics: pt, y! *’

CMS PAS TOP-12-027/028 : Lepton+jets and dilepton,12.2fb! @8TeV

3 CMS Preliminary, 12.1 fb'at s =8 TeV CMS Preliminary, 12.1 fo'at s =8 TeV
¢ ComparEd tO o OF e s, 07 [T T T T T T
% gi e/u + Jets Combined ¢ Data E 'o|% [ e/u+ Jets Combined ¢ Data ]
. E — MadGraph J o o6l — MadGraph ]
— MadGraph+Pythla R MC@NLO — 3 a2 MC@NLO ]
-8|“.g-'_ 3 ----POWHEG - 050 ~---POWHEG
— MC@NLO+Herwig ™ o /M~ o ] S+ i ]
. s /| e ot 1
— POWHEG+Pyth|a 4 0.3[
— Approx NNLO i 02f
2¢ r
g 0.1
. GOOd agreement 1\\ 7'.‘ _||\|||||||\\\\‘\\Ill\\\\lllllllll\‘\Illl\\\\‘\\ll
% 50100 450 200 250 300 350 400 %5 245 4050 05 1 15 2 25

between prediction P, [GeV] y

MS Preliminary, 12.2 fs'at ys = 8 TeV
- CMS Preliminary, ! CMS Preliminary, 12.2 5" at {s = 8 TeV

1 Ta o O e .
ar]d .data. In rapldlty E 95_ Dilépton (Eombilned | iaztéerapr: _ §!é>;0‘75"E)'”lé;);(')ln”c'c')ln;'b'i;]gd'”I"”l."'[f)la't'a"lllll|m-
distributions g% = MC@NLO - A
7E “- POWHEG 4 - -~ POWHEG
: Qiﬂgz;ﬂ,\"'o 1 o5 L Approx. NNLO ]
* Top p, spectrum best o : : Approx. NNLOY
5F-
described by approx.
. . 3F
NNLO in particular
1:
for IOW pT O ~86™"100 80 500580 300 580 4;)0 252 1|5 T 1|5 225
o, [GeV] /
29/04/2014 J. Fernandez

Extrapolated to full phase spach:e



CMS PAS TOP-12-027/028 :

0 CMS Preliminary, 12.1 fb"at {s = 8 TeV

x1
25T
L e/n + Jets Combined * Data 4
i — MadGraph ]
o 2~  Be= MC@NLO
£ i ---- POWHEG ]
[ H i
15 7]
10 -
5[ _
0 | - ‘ I T | | L1l L1 | T =TT 1 -
0 50 100 150 200 25 300
p} [GeV]
" CMS Preliminary, 12.2 fi'at {s = 8 TeV
= 25
% | Dilepton Combined e Data il
"‘—D::F [ — MadGraph ]
g 20- hes MC@NLO
e --- POWHEG |
154 -
1ol -
5; \~ n
O-H\.MH.\.\.MHT\ 3
0 50 100 150 200 250 300
ID'T'- [GeV]
Sensitive to
29/04/2014

high orders

CMS Preliminary, 12.1 o' at ys = 8 TeV

OB e
& [ elu+ Jets Combined * Data ]
0.7~ —— MadGraph

. fes MC@NLO ]

0.6 ----POWHEG 1

: |||\\II‘\II\‘II\\l\II\‘II\\lI\\Il\I\\ll\\ll\\ :
-%.5 2 15 -1 05 0 05 1 15 2 25

yﬁ

CMS Preliminary, 12.2 fb'at Ys = 8 TeV
‘gtb‘o.a_l\l\|\||||||\|‘|||||\|\l‘|\||||||\|\|\|||||||\|\|_
o Dilepton Combined e Data ]
0.7~ — MadGraph
E MC@NLO ]
06 --- POWHEG
0.5F -
0.4 -
0.3 =
02F =
01 / 3
S T T PO U N DO T SO
25 2 15 1 05 0 05 1 15 2 25

tE

J. Fernandez

Top Pair System Kinematics: p;&,y*, m®
Lepton+jets and dilepton,12.2fb-1 @8TeV

dG. [Gev T

[
dmlt

a1

CMS Preliminary, 12.1 fo" at ys = § TeV
N LA B e
[ e/u + Jets Combined ¢ Data
—— MadGraph
s-- MC@NLO
---- POWHEG

102

107 E
10%F = Q
10*6|\I\|I\I‘II\|\II‘I\I|\I\
400 600 800 1000 1200 1400 1600
m* [GeV]
CMS Preliminary, 12.2 fb'at Ys = 8 TeV
U L o o o B
| Dilepton Combined e Data 1
102 — MadGraph i
E. mm= MC@NLO E
--- POWHEG |
107 E
1045— lﬂi 3
10% Xv‘"‘ ‘‘‘‘‘‘ :_
3|...|...|...|...|.jr\m”3
400 600 800 1000 1200 1400 1600
mt [GeV]
Sensitive to
16
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6m9m
Differential Top Pair Cross Sections at 7 TeV

Eur. Phys. J. C73 (2013) 2339 : Lepton+jets and dilepton,5.0fbt @7TeV

CMS, 5.0 b at\/s = 7 TeV <107 CMS, 5.0 fb™ at\'s = 7 TeV
‘ H | T T T I T T T | T T T | T T T | T T T | T T T |'__| 10:I TTT | TTTT | TTTT I TTTT | TTTT | TTTT I TTTT | TTTT
U Si ng same ";‘ - e/u + Jets Combined e Data 1 > oF e/u + Jets Combined ¢ Data
8 02k —— MadGraph | (‘B 2 —— MadGraph ;
analysis strategy . . = = vceno 3 D ef MCONLO
bl'e F --- POWHEG 3L - POWHEG 7
t 8 T V 21 sl — NLO+NNLL ~—|t:}j e — Approx. NNLO ;
aS a e e 1O-d§ (arkiv:1003,5827) E SE (arXiv:1009,4935) _E
E 5F 3
 Compared to: ol ) E
— MadGraph+Pythia i . 3 E
. 10°F : = 2/ =
— MC@NLO+Herwig : ] A - E
1 --||||||||||||||||||||||||- :IIII|IIII|IIII|IIII|IIII|I~III|I__ ]
— POWH EG"'Pyth Ia 10" 200 600 800 1000 1200 1400 1600 % 50 100 150 200 250 300t 350 400
mit [GeV1 p. [GeV]
B Approx NNLO CMS, 5.0 it at\'s = 7-JTeV “10° CMS, 5.0 fo" at\'s = 7 TeV
105 P e e e e T
L__| E | T T T | T T T | T T T | T T T | T T T | T T T Ir|—_| : | | I | | | I
° AISO fo r 7 TeV: > - Dilepton Combined * Data 1 3 of Dilepton Combined * Data 3
o] Ll — MadGraph | 0] c — MadGraph 3
= 107 saMceNLo ] S 8 ~--MC@NLO -
top pT SPECtrum 3 E --—--POWHEG 1 -8| s £ -~ POWHEG 7
5 [ ] a ]
best d esc ri bed e 1oL _[:ﬂ(bongal\ig!-l_ E o 6: ----- {igfﬂ?ﬂ:wr::ﬁ -0 :
E ] 5 - =
by dpprox. 107 ﬁi E af =
NNLO : N | i
' T 2k 3
C %\E 1F- :
10-6 [T R R PRI RN S N N R T -~ -
400 600 800 1000 1200 1400 1600 0 50 100 150 200 250 300 350 400

29/04/2014 mt [GeV] p. [GeV]
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Jet multiplicity
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dilepton 8TeV: CMS PAS TOP-12-041 (19fb-1)

(4]
. . . o] "O'J'
LHC: high fraction 53
L] Lo N 105
of events with <. t
hard j 2N gy x ;
U - < J >
extra hard jets By o0 t oo
O S
fI’O m I S R / FS R ,—.‘l_}tvi"’t.-‘r),_ b5 107
2 ,"{f:):i)' L’.'_,\'_)I."}-;,: NG
S D0 N
Tune and test 107
[ ] [ ]
rad |at|0n CMS Prellmlnary 19.6 fo" at {s=8 TeV 10°
1.5
£ [T T 9
. XS, _Dlle ton Combmed J 2
modelling oo + Data 18
- N CMS Prellmlnary 19. 6fb|1 at-{§=5‘:'ev . §4000i MadGraph-l-PythiaE 0.5
§20005_ Di Iepton Combined ER- C ]
21800; R B —— POWHEG+Pythia .
Bq600F 2 103000~ ]
> c  — 3 O e MC@NLO+Herwig
“":'1400; + 7: C ]
Gi1200F- ' + 5 = 2000 -
1000 ——=  TTTTTTIL L : = B y
C ] %77 Data T 7 = —
800F-, L-s-t = 1000 —
600F= " —— MadGraph+Pythia I E E
4002— — POWHEG+Pythia é E A s
200E -+ MC@NLO+Herwig - = M= —
© o (R P T T P T T O 08F [ i 3
S 14 1 2 06E -
3 " — = 0 05 1 15 2 25 3 35 4 45 5
S OBF T e T T e T E AR

2 15 -1 05 0 05 1 15 2
2" additional jet
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< anneonnn
Differential Top Pair Cross Sections at 8 TeV *’

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

F I I
F Dllepton Combined pJ > 30 GeV
‘e Data

3 MadGraph+Pyth|a =
- MC@NLO+Herwig
-- POWHEG+Pythia ]
L | |
............. ]
S S . . D
Jets

MC@NLO+Herwig
underestimates
data for high
nJets

19
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60060060
Differential Top Pair Cross Sections at 7 TeV *’

lepton + jet (arXiv:1404.3171), dilepton (CMS PAS TOP-12-023): 5fb-1

CMS Preliminary, 5.0 fo”' at\s=7 TeV CMS Preliminary, 5.0 o™ at\s=7 TeV

2]
(o]t
T|=

e Similar analysis to
8TeV

— Same issue with 107

; Dilepton Combined ; ] " Dilepton Combined

—lo

MC@NLO+Herwi L Soeome T
@ g 102 : 0% MadGraph+Pythia 3
Fooee MadGraph 4*@* |7
R r MadGraph Q314 By
107 10° & --- MadGraph matching up f E
P G a p fra Cti O n . E £ --- MadGraph matching down 1
. 9 15 F o 15 F E
. T e % 1 === :
Veto events with & ot ; 8 sE
2 3 4 5 =6 2
H Jet
extra jets et
CcMS Prel\mmary 5 0fb’ al\EfT TeV CMS Preliminary, 5.0 fb" at\s=7 TeV
General gOOd é 17 Dllepton Combined I RN _5 1f—l ‘D‘ille‘plléﬁ Combined . s s eksassdbsss
Q = = © = - 3
@ 0.95- - ©0.95— : =
data/MC é 09 ' - é. 09: o =
Oossf = Gogs— & =
agreement EoAS = . e Data E
0.8 = 0.8 54.'_ [_] Syst+Stat error .
Eouf e Data 3 E L —— MadGraph+Pythia E
-_— Data best 0755 - [] Syst+Stat error 3 0-75¢ 5‘_5 ****** MadGraph 4*Q° 3
07 — MadGraph+Pythia = 0.7C f MadGraph Q%4 =
1 . E —— POWHEG+Pythia = :5 | ---- MadGraph matchingup _J
d €scri b € d by : 000 e MC@NLO+Herwig e 0.6 F MadGraph matching down -
. 0.6/ . 0.6 ]
° MC@NLO+HerWIg § ?\|||f . N N B D PR
& 108 ] & 105 ﬁ
» = T = 1= ~ e =
* MadGraph+Pythia S ool ] 50.953—(“7”#" -
. . e 50 100 150 200 250 300 350 4?0 = 50 100 150 200 250 300 350 _ 400
with higher scale P, [CeV p, [GeV]

29/04/2014 J. Fernandez 20



29/04

/2014

Ratio o(ttbb)/c(ttjj)
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Associated ttbb Production at 7TeV aﬂ?ﬂi“ﬁ“‘lﬁo

UNIVERSIDAD DE OVIEDO
Dilepton (5fbl) CMS PAS TOP-12-024

\f\,: /'b
 Test pQCD calculations %, 20 % u<
* Irreducible, non resonant BG to ttH ', H % R
o o PYEYYYYY b b
— large uncertainties on predictions by "
(scales) 3 t b
e Measure ratio T e T BASASLES
— large cancellation of uncertaintiesl_%l 10°F 5.0b" at\s =7 TeV =:;IE‘;"LF_§ S_“g htly
i ; ; 1 higher than
102 MadGraph
* Dilepton events with (1.2%) and
at least 4 jets, 2b-tags - POWHEG
10¢ (1.3%)
; predictions
* Signal extraction by fit to b-jet | |
multiplicity 5 First

:{:1234{:1234n1234 measurement!!
b-Jet Multiplicity (CSVM)

+ Dominantsystematics\r(tfhh) /o (H]f) = 3.6 £ 1.1(stat.) +0.9(sys.)%

mistag efficiency
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Associated ttbb Production at 8TeV aﬂ?ﬁ“ﬂ?“ﬁ%

UNIVERSIDAD DE OVIEDO
Dilepton (19fb-1) CMS PAS TOP-13-010

« Dilepton events with .
10

2 ‘ ‘ ' ' > 10 imi sData
at least 4 jets, 2b- 5 ows premnary i 2 "7 F oeniaecste Egj'i.t;z 3
tags o 53 . 25
« Fit to b-tag 10° 5321, . Biiob
discriminator 2 <
performed on signal :
plus background 10 e
categories 1 1
* Measurements of o 2 o % :
the absolute cross 2 “f , I T P
sections are also 8 ost R B B R S
4 0 01 02 03 04 05 06 07 08 09 1

O =7 3 =

presented. Number of b-Jets b-Jet Discriminator

« Dominant
systematic: mistag __
efficiency 0.023 +0.003 (stat.) &= 0.005 (syst.) at Jet pr > 20 GeV

U(tbe) /g(tfj]') — _ MADGRAPH/POWHEG: 0.016/0.017 + 0.002
0.022 +0.004 (stat.) = 0.005 (syst.) at Jet pr > 40 GeV
_ MADGRAPH/POWHEG: 0.013/0.014 + 0.002
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* Inclusive top-pair cross section measurements

— Measured at 7 TeV in 9 different channels (all except tautau). Published with precision
up to 4.2% (dilepton), used to extract a (M) for the first time

— Measured at 8 TeV in 5 different dilepton and lepton+jets channels. Preliminary results
with precision 5.3% (dilepton) 14% (lepton+jets)
* Normalised differential top-pair cross section measurements
— 5 channels in total and suite of kinematic variables for different observables
— Higher order predictions describe data better and Jet multiplicities and gap fraction can
be used to constrain radiation modelling parameters and scales
* First measurement of associated bottom-pair production

* 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)

— Cross section in fiducial regions, avoiding model-dependent extrapolations

* Next targets:
— Targeting ultimate precision for upcoming 7 and 8 TeV run-I legacy measurements
— Get ready to look at run-ll data at higher energy
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Looking forward to new
LHC combinations

E T T ]' T 1T | T T 171 | 17T T1T7 | T 1T I T T I T 1771 I T 177
—2L Tevat bination* L= 8.8 fb” _—
= e ot 2™ ATLAS+CMS Preliminary ~ Feb2014 T
c O CMS dilepton L=23fo"
O u aTAs leponsiets L=07" 1 OPLHCWG H
O —O CMS lepton+jets L= 2.3 "'
O # TOPLHCWG combination*L=1.1 " A
0 02 | & ATLAS dilepton® L=203 0" ]
o0 1 —C CMS dilepton L=5.3 b —
g —# ATLAS lepton+jets* L= 58" L ' {4 N
— O CMS lepton+jets” L = 2.8 fb” L i -
.; " * Preliminary 250+ 7] T K
@ - 1 4
= i ]
% 1 0 200 I~ ] |
O i 1 3
E= i I
E=== NNLO+NNLL (pp) 150 1
E—— NNLO+NNLL (pP) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
= 172.5 GeV, PDF @ o uncertainties according to PDF4LHC

1lI]lIIIIIIlelltIIIIlIJIIJII[I!I.I]IIII

2 3 4 5 6 7 8 9
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LHC 7TeV Combination

ATLAS+CMS Preliminary o . summary, Ys =7 TeV TOPLHCWG

"""" NNLO+NNLL (top++ 2.0}, PDF4LHC mmp =172.5 GeV — stat. uncertainty

scale uncertainty — total uncertainty

scale ® PDF @ cg uncertainty S H(stat) £(syst) F(lumi)
ATLAS, l+jets I—I".'I—I 179+4+9+7pb Lim=0.7 17
ATLAS, dilepton |—|--]—| 173+6" 1% Spb =07 7
ATLAS, all jets (*) B . - d 167+-18+78=6pb L,_1.0%"
ATLAS combined - — 177+3* %47 pb Lm0.7-1.0 16
CMS, l+jets (%) I—I-O'I—] 164+t 3+ 127 pb Lin=0.8-1.1 &7
CMS, dilepton (*) I—I'.-I'E—I 170t 4+ 16+ 8 pb Lig=1.1 7"
CMS, 7+ () o -— 149124+ 2649ph L,-1.1%"
CMS, all jets (*) i 3 3 - 136+ 2040+ 8pb  L,110"
CMS combined —io—3 166+ 2+ 11+ 8pb L0811
LHC combined (Sep 2012) I—H-—I 173+ 2+ 8+ 6pb  L,-07111" 5 . 8%
ATLAS, l+jets, b >Xpv —_ 165 +2417+3pb L7’
ATLAS, 1+l _ — 186+ 1320+ 7pb L, 2.1 %"
ATLAS, 1, _ +jets B E: i 1 194+ 18=46pb Li=1.7 b7
ATLAS, all jets b 3 i 168+ 12 %04+ 7pb L, 47"
CMS, l+jets —i=i— 158+2+10x4pb L2223
CMS, dilepton e 162t 2+x5+4pb Lin=2.3 16" 0
CMS, 1, -+ —_ — 143£1422223pb L, 221" 4.2%
CMS, 1,_ +jets I 3 —— 152+ 12+32+3pb L,-390%"
CMS, all jets b : . ] 139+ 10+ 26+3pb L35
("} Superseded by results shown below the line | E | | |

50 100 150 200 250 300 350

o [Pb]
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ATLAS-CONF-2012-134
CMS PAS TOP-12-003

Detector model: This class of uncertainty
includes contributions due to uncertainties in
the modelling of detector effects in the
simulation.

For ATLAS these include uncertainties in the
electron,muon and jet identification
efficiencies, electron energy scale and
resolution, muon momentum scale and
resolution, jet resolution, the calculation of
the missing transverse momentum, trigger
and in the b jet identification in the all-jets
channel.

For CMS, this class includes uncertainties in
the modelling of efficiencies for lepton
triggering, reconstruction and identification,
in b tagging calibration and in the data-driven
W-+jets heavy flavour fractions determination
which depends on it, in the trigger in the all-
jets channel, in the hadronic decay modelling
and in the effects of pileup.

These uncertainties are taken as uncorrelated
between the two collaborations.

LHC o, combination 7TeV 0

==

UNIVERSIDAD DE OVIEDO

ATLAS  CMS  Correlation LHC combination

Cross-section 177.0 165.8 173.3

Uncertainty

Statistical

32 22 0 2.3

£

Detec
Signal mode

1

Monte Carlo 42 1.1 1 3.1
Parton shower 1.3 22 1 1.6
Radiation 0.8 4.1 1 1.9
PDF 1.9 4.1 1 2.6
Background from data 1.5 34 0 1.6
Background from MC 1.6 1.6 1 1.6
Method 24 n/e 0 1.6
W leptonic branching ratio 1.0 1.0 1 1.0
Luminosity
Bunch current 3.3 3.1 1 5.3
Luminosity measurement 4.3 59 0 34
Total systematic 10.8 14.2 9.8
Total 11.3 14.4 10.1
Preliminary LHC o,z combination, \'s=7 TeV - September 2012
Lyg = 0.7 - 1.1 fb!
A:I'L_.:.‘:IIH lepton (ee, ey, pu) HATHOFHheIory prediction 173+ 6 + :Ilg
A ieta - 179+ 4+ 11
ATLAS, ol jets PA 167+ 18+ 78
ATLAS combined - = 177+ 3+ 10
.CL[I-:W‘-Q%I..it‘leptC-I‘I (ee, ey, uu) :l 170+ 4+ 18
Cr"'wi-';l'.!]-lr:"thau e @it 149+ 24 + 28
S, Hiets, —— 164+ 3+ 14
b = 136+ 20+ 41
CMS combined —— 165.8+2.2+13.2
LHC combined Ho— 173.3+2.3+98
. . forI mt=1l?‘2.5 GeV . . + (Sltat,) + (syst.)
50 100 150 200 250 300 350

o [pb]
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JHEP 02 (2014) 024
CMS PAS TOP-12-007

* 2 opposite sign isolated high-pT leptons £ixod cus et -senr  @o° -
_ m” S 20 GeV 510000;_ e** channel E;i:glet _; 53fb-1
. . 8000[- £ Uncertainty — 8TeV
 Two high-pT jets (pT>30GeV) at least : @

one b-tagged jet

e Cut and count approach, dominated, by
ey, significantly less affected by DY

o :

o}]
T

-

o

background
3 =4

e DY and non-W/Z background estimated et muliplcty N
f d t % Source ete” T G:T;TJ
rom data O@ Trigger efficiencies ( 41 I3U 3.6 |

. . Lepton efficiencies 5.8 5.6 4.0
* Dominant systematics: fact./ren. scale, /)é,/} Lepton enrgy cle B R

lepton efficiencies and jet energy scale ’/&6\ L ooy resolaon s 18 15

Pileup 1.7 15 20
* In preparation: result with full lumi and Qo Sl and k) howers

. ©  Single top quark 2. 24 23

Top LHC WG common systematics W 07 07 05

Drell-Yan 15

on- tons 0.9 32 1.9

Gtt:239 +/- 2 (Stat) +/- 11 (SySt) +/- 6 (Ium) pb, ;Jmmg-ii;?ﬁc 186 186 114

Integrated luminosity 6.4 6.1 6.2

for an assumed top-quark mass of 172.5 GeV Statistica " 52 45 26
29/04/2014 I. Fernandez MET cut for SF leptons reflects in larger JES

systematics
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b% BR~30%
(a0

CMS Preliminary

/. Lepton + Jets 8TeV

==

A ab
S
0000660
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CMS PAS TOP-12-006

2.7fb"at ys=8 TeV

/}(K jot
Jet

10 R R R S N L N RN RN
E —}— Data .
e Exactly 1 isolated high-pT leptén > ™ , = e/p +jets,
G 0 I wree 2.8fb1
ich- i 500~ won E
* Atleast 4 high-pT jets (pT>30GeV) ¢ = =0 @8TeV
. ) C ]
* Atleast one b-tagged jet T 300- :
1] 2005 -
 QCD background shape from data: 100 iy
— Require non-isolated leptons % 1;‘2: I T 5 i
— Remove all non-QCD contributions using ©eg oo o T DT
. . 0 50 100 150 200 250 300 350 400 450 500
simulation M,, (GeV)
* Binned likelihood fit of Mlb: e e Y
— Top pair signal & QCD shape (60 § 5001 - Data h
— Other backgrounds from MC G/;é B a0l =2 ]
. . . . /‘ % ackgroun
* Dominant SyStemauCS: b—tagglng and Jet O//?L G 300 Fit y2/ndf = 0.25
energy scale 73@ .
* In preparation: result with full lumi and ¢
100
Top LHC WG common systematics

+29.0

oy (combined) = 228.4+9.0 (stat.) "557

(syst.)410.0 (lumi.) pb

29/04/2014 J. Fernandez
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M,, (GeV)

M., fitted e+jets -
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Top Reconstruction

CMS PAS TOP-12-027/028 : Lepton+jets and dilepton,12.2fb-!

. Kinematic i e
Dileptons Reconstruction “b) m _'v= ":'1’*;/
* Kinematic reconstruction (Dileptons) 7. 4

Underconstrained

Input
— 2 leading jets
— 2 leptons
— MET

Constraints

- mW

— MET = 2(neutrino pT)

— mt=mt[100 GeV, 300 GeV]
Choose solution by comparing
neutrino energy spectrum to
prediction

For m,, only: 4-vector sum of 2
leading jets, MET, 2 leptons

29/04/2014

Lepton + jets
« Kinematic fit
* Input
- Lepton & up to 5 leading jets
- Neutrino momentum = MET
« Vary 4-Vectors within Resolution
- mt=mf
- mW
- Choose solution with minimum x2
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Differential Cross Section Determination oo

CMS PAS TOP-12-027/028 : Lepton+jets and dilepton,12.2fb-!

CMS Prefminary, 114 10" a1\ 8=/ laY

]r;.'.m. R —

*)]

- . : p [ & «Jots Combined ¢ Data ]

H — i 1 — i 3 28 MadGragh

: yield == Ldo' 1 Npy, — Nyg S » S UoONL0 |
—— " — — 88 POWHEG |

: cdX o €'l et . o
J normalized

% diff. xsec

40 60 B0 100 120 40 160 180 200 Ol sk sssiimsiisabissliiii TPPETr—t
 Toa 40 60 B0 100 120 140 160 180 200
Aay v [G!JV]
i €

Cut and count approach

Data driven corrections
— Drell-Yan background (dileptons)
— Trigger efficiencies
— Lepton identification and isolation

Corrected to parton or particle level and for detector effects
— Purity & stability typically > 50%
— Regularised (SVD) unfolding (MadGraph+Pythia MC)

Normalised to in-situ cross section
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Diterential cross section
Systematic Uncertainties

66060 06000
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* Global uncertainties cancel due to normalisation

* Remaining shape uncertainties evaluated individually for each
bin:
— Jet energy scale and resolution
— Lepton identification and isolation efficiencies
— Trigger efficiencies
— B-tagging efficiencies
— Pile up modelling
— Top mass uncertainties
— Scale and matching scale variations (dominant)
— Hadronisation (POWHEG+Pythia, MC@NLO+Herwig)
— PDF variations
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