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= Top-quark pair cross sections
o 61.7 GeV/c Jze::gll; Gevre
= Differential top-quark pair cross sections Ay

CMS

SAILAS | pr=20Gev

= Measurements of ti+ (b-)jets, W, Z, v

All top quark physics results are available here:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Top quark production @

» Top quarks: key to QCD, electroweak (EWK) and new physics

e Large mass = large coupling to Higgs (y ~ 1) — N
e Sensitive to Higgs mass through EWK loop corrections “‘@“ o St e m.2
w t
» Decays before hadronising: “bare” quark H S, o In(m,y)
W W

* New physics may preferentially couple/decay to top PO O RIORS

e Major source of background for many searches

=» Tool for E)recise tests of Standard Model (7SM2, sensitive Probe to New Physics

= LHC is a ‘top factory’: several million tt events produced at 7 & 8 TeV !!

e Great opportunity to study the details of ft production mechanisms

e |[n particular, through top-quark kinematic distributions

» Production of tt in association with QCD jets or additional particles
could reveal new physics ; background to ttH and beyond SM searches

* Theory predictions & models need to be tuned & tested with measurements
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Top-pair production and decay %

= ft production dominated by gluon fusion at LHC (~90%)

. : P : LHC (71ev) Tevatron
e i ovoooo— ¢ 7 { qq ~20%  ~85%

Full NNLO calculation Collider |otot [pb]|scales [pb] | pdf [pb]
now available >tt) ! 0.110(1.5%) | +0.169(2.4%

(9g=>1) Tevatron 7.164 to.zoogz.s%; —0.122%1.7%% [ Czakon, Fiedler,

P +4.4(2.6%) | +4.7(2.7%) Mitov,

NNLO#IINLL very precise: | LHC 7 TeV | 1720 | T5s3am) | “a.8(2.8%) | arxiv:1303 6254
2.2% (Tevatron) LHC 8 TeV | 2458 | T6-2(2:5%) | +6.2(2.5%)
~ 3% (LHC) € : —8.4(3.4%) | —6.4(2.6%)

" In SM, t > W*b (~100%) =» W decay modes define top final states

et . e,T jet jet

/ﬁMET .
b% b-jet . b-jet b-i b-jet
/ . bret ==

BR(u,e)~6% . \% BR(n,e)~34% i ot BR~46% | . ot
Low bg: d',I“,rt Moderate bg: | ,J Huge bg: |© )
Z+jets lieptons W+jets lepton + jets acp | all hadronic
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o(tt) measurements at Tevatron

First Tevatron combination !

Tevatron Run |l Pl’ellmll‘lary *=preliminary
e CDF (up to L =8.8 fb"): (6.5%) CDF dileptons *  =jwew=|  7.47+0.50+0.70 pb 8.8 b
/0 + 0.86 pb
O, = 7.71 % 0.31 (stat) + 0.40 (syst) pb CDF ANN lsjets H—e—H 7.8240.38+040pb 461"
t 0.55 pb
DO (L=5.4fb"): (8%) CDFSVXlsjets  b=t=@=b=  7.32:0.36+0.61pb 461"

+ 0.71 pb

CDF all-jets  jmm@ufumes]  7.21+0.50+1.08 pb 29 1b"
+1.19 pb

0, =7.56 7063 . (stat+syst+lumi) pb

 Tevatron combined: (5.5%) CDF combined * H-o-H  7.71£0.31:040pb upto88fH’
+ 0.51 pb
O, = 7.65 £ 0.20 (stat) £ 0.36 (syst) pb DO dilepton p————{  7.36+0.85pb 541"
. -1
Theory NNLO+NNLL [arX|v12045201] DO I+|ets ] 7.90+0.74 pb 56fb
(approx. NNL%ZNNLL for gg) D@ combined — = 7.56+0.20+0.56 pb 56 b
o, =7.24 +0. _027DPb (4%) 0.59 pb
Full NNLO+NNLL: Tevatron combined * o 7.65+0.20+0.36 pb upto8.8fb’
Oy =7.164 TOMO_ )4 (scales) R e metT25Ge Pb

°
+0.169 o1 (pdf) pb (2.2 /o) - - -

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

Main systematics:

signal modelling, jet reconstruction Good agreement between channels
PLB 604 (2011) 403 . o
DO Note 6363 CDF Note 10926 and with SM predictions
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‘ Summary of o(tt) results at LHC (7 TeV) @

= All final states investigated (except trt)
» Measurements from likelihood fits (traditionally from counting)

» Data-driven estimates for main backgrounds

* QCD, W+jets, Z+jets, ...

CMS Preliminary,\s = 7 TeV

CMS

ne»r-p»

CMS combined
(up to 1.1 fb"): (8%)
165.8 £2.2 (stat)

+ 10.6 (syst)
+ 7.8 (lumi) pb

H. 20 Dec 2012 , .
ATLAS Preliminary Theory (approx. NNLO) LHC’s single | cys e/usiets 158+ 210+ 4
for m, = 172.6 GeV MOSt precise | pnys. Lett B 720 (2013) 83 (val. + stat. + syst. + lumi.)
Data 2011, \Js = 7 TeV —— stat. uncertainty measurement (L=2.2-2.3/fb)
—— total uncertainty o
Channel & Lumi. o,; £(stat) +(syst) (lumi) (4 A)) \ CMS dilepton (ee up,ep) 162+ 2+ 5+ 4
) P JHEP 11 (2012) 067 (L=2.3/fb) (val. + stat. + syst. + lumi.)
Single lepton  0.70 fb —— 179+ 4+ 9+ 7pb
Dilepton 0.70 fo ™ ——.—— 173+ 6 *1¢ " Spb
. CMS all-hadronic 139+10+26+ 3
?I(I)gafglz?mc 167+18+78+ 6pb arXiv:1302.0508 (L=3.5/fb) (val. + stat. + syst. + lumi.)
: ATLAS & CMS
Combination e (6.2%) 177+ 3 "2+ 7pb |treat generator
modelling CMS dilepton (et,ut) 143+14+22 + 3
Lo Phys. Rev. D 85 (2012) 112007 (val.  stat. + syst. + lumi.)
Single lepton, b — Xy —ea—s 165+ 2+17 + 3pb | UNcertainties | w-=22m)
Ml differently ! .
T,.4 * jots 167" . 194 + 18 + 46 pb CMS t+jets 152+12+32+ 3
% +lepton 205 fb‘1 . 186 +13+20 + 7 pb arXiv:1301.5755 (L=3.9/fb) 00 (val. £ stat. + syst. + lumi.)
had ' o 1 NNLO+NNLL QCD, Czakon et al.. arXiv:1303.6254 (2013)
All hadronic 168 +12 *2+ 6pb Approx. NNLO+NNLL QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
4.7 -1 - 57 i Approx. NNLO+NNLL QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
- ﬂb | | | | 2] Approx. NNLO+NNLL QCD, Ahrens et al., JHEP 1009 (2010) 097
50 100 150 200 250 300 350 =Snoae | , |
o, [Pb] 0 50 100 150 200 250 300
. . . ATLAS-CONF-2012-134, CMS-PAS TOP-12-003 t
First LHC combination ! o(tt) (pb)
(uptoL=1.1fb") Oy = 173.3 +2.3 (stat) £ 9.9 (syst) pb | (5.8%)
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o(tt) results @ LHC (8 TeV)

I+jets:

Events / 0.25

1 isolated high-p; w/e,
> 3 jets, = 1 b-tagged jet
= Fit to likelihood
discriminant

( lepton 1y, aplanarity )

Main syst: signal modelling,
jet/E;™iss reco

Data / Expectation

ATLAS-CONF-2012-149

2 OS isolated,
high-p leptons, = 2 jets,
= 1 b-tagged jet
= E.MisS for ee, uu;

veto Z-mass region
» Cut-&-count

Main syst: lepton ID,
jet energy scale

CMS-PAS TOP-12-007
M. Aldaya

Obs/Exp Ratio

x1 o®

r ATLAS Preliminar _
7F el ILdt=5.8fb1

F e Data n+23 jets Vs = 8 TeV
6 it W+Jets Il Multijet

C B z+Jets [l Single Top Dibosons

0.6

o 1 T T 1 -
CMS preliminary
eu channel

2410 pb™, /s=8TeV

Nbjet

B Zy*— 1T (I=eux)
Bvv

mw
B Non W/Z leptons

H tt signal

6 E

TE 2 Wmfm 2
8 ]
6 .

7= "
8 T
N L
A

S |4

Preliminary,\'s = 8 TeV

(13%)

241+ 2+ 31+ 9pb

{val. & stal. + syst_+ lumi.)

ATLAS prel. (e/p+jets)
CONF-2012-149 (L=5.8/fb)

A

CMS prel. (e/p+jets)
TOP-12-006 (L=2.8/fb)

228+ 9+2 +10pb

{val. + stal. + syst * lumi.)

(7%)
227+ 3+ 11+ 10 pb

{val. + stal. + syst & lumi.)

CMS prel. (ee,up.ep)
TOP-12-007 (L=2.4/fb)

227+ 3+11+10pb

{val. £ stal. + syst & lumi.)

CMS prel. combined

NNLO+NNLL QCD, Czakon et al., arXiv:1203.6254 {2013)

Approx. NNLO+NNLL QCD, Kidonakis, arXiv:1205.3453 (2012)

Approx. NNLO+NNLL QCD, Cacciari et al., arXiv:1111.5869 (2011)

[ Approx. NNLO+NNLL QCD, Langenfeld et al.. PRD 80 {2009) 0540089 (Scale @ PDF uncertainty}
[ Approx. NNLO+NNLL QCD, Langenfeld et al., PRD 80 {2009) 054008 (Scale uncertainty)

o

[

a

2]

o
H ]
iIIIIII|IIII|IIII|IIII|II\IlllIIII _‘_ij

0 1 2 =3
b-tagged jet multiplicity

I | I |
100 200 300 400

o(tt) (pb)

Good agreement between channels
and with SM predictions
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Summary of o(tt) results vs. Vs

CMS
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10° £ |
" F m ATLAS prelim. I+jets 8 TeV/ (5.8 fb°! " Measyrements dominated
Qo [ ® CMS prelim. combined 8 TeV (2.8 fb') y syst.
L [ ¢ LHC prelim. combined 7 TeV (0.7-1.1 fb™) - ATLAS & CMS use
& | ™ ATLAS prelim. combined 7 TeV (0.7-1.1 fb) 5 different prescriptions for
% * CMS dilepton 7 TeV (2.3 fb™) s3> the common theor. aspects
- & Tevatron prelim. combined (up to 8.8 fb™) . ‘ |
o CDF prelim. comblned (up to 8.8 fb” P Theory (scales + pdf) mmmm
2 0O DO combined (5.4 fb ) Theory (scales)
10— 300 | CMS dilepton, 7TeV —v—
- P 5 ATLAS and CMS, 7TeV
B Q. ATLAS, 7TeV —+—
B 5z = CMS dilepton, 8TeV
B &S 250 |
B - Full NNLO QCD
i Approx. NNLO QCD (pp) 200 |
V4 Scale uncertainty
10 |— ' 4 0 Scale ® PDF uncertainty | 150 ,’:,’;;1%)_%%5\7 LOANNLL
= & 4 920 - Approx. NNLO QCD (pp) l MSTW2008NNLO(68cl)
- Scale uncertainty 6.5 7 7.5 8 8.5
B / B Scale ® PDF uncertainty vs[TeV]
a Langenfeld. Moch, Uwer, Phys. Rev. D80 (2009) 054009 [arXiv:1303.6254]
.:' ; MSTW 2008 NNLO PDF. 90% C L. ungertainty
[ I T I, G N T I L1 1 1 I L1 1 1 I | I L1 1 1 ?e 1 l | I ATLAS-CONF-2012-024
1 2 3 4 5 6 7 \{8_ 9 ATLAS-CONF-2012-149
) s (TeV) ATLAS-CONF-2012-134
Ratio 8 Tev /7 Tev: T TEV) 1y 41 13 (o uncersuncor e Torn
o-tt—(7 TeV) th. uncerts. fU”y corr. , in JHEP 11 (2012) 067

agreement with arXiv:1303.7215)

M. Aldaya
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CMS

‘ First determination of o from oftt) cvssoraz

High precision of o(tt) measurement can be used to determine ag(m,)

Use approx. NNLO
> calculations to determine

a.g(m,) from measured oftt)

o determined at hadron colliders has large theory
uncertainty due to missing NNLO contributions

o(tt) dependence on ag determined (at fixed my,,)
for approx. NNLO calculations and for different iikelihood: th ® ) ;
PDFs (results with full NNLO in editorial review) IKelinood. theory = experimen

2.3 b of 2011 CMS datax approx. NNLO for O (s=7TeV, m, = 173.2+ 1.4 GeV

|II|||I|||II|IIII:I T I I I I I | I I I | I I ll

Most probable ag results from joint

T T l T T 1 I T T T I T T T I T T T l T T T I 1 T T I T
——— CMS 2011, 2.3 fb" (dileptons, JHEP 11 (2012) 067) |

S N
(o8 _ V- Top++1.3 =
= 220" —a— Top++ 1.3 with NNPDF2.1 m, =173.2 GeV ] &
- . (OF
o —¥— HATHOR 1.3 with NNPDF2.1 ] A HATHOR 18 0!
200(~ ...m--- Top++1.3withmsTW2008 = 3

: N H

""" % Top++ 1.3 with HERAPDF1.5 .‘ . H . H E NNPDF2.1

et PR

|III|III|III|III|II

180(— -'k:= Top++ 1.3 WithABM11 |y " o o :
‘___ ................ : L1 H‘ lI’ i H MSTW2008
--------- I R i
160 " el — :
...... ] H -}
........... - H A H i {  HERAPDF1S
140 ... LT — =
3o o n : |
- T 1| Aswin H 7 I
120_“""“‘1‘—"“l"'l"'lll'l"'l"‘l'— |||||||||||||||1|§1|1|1|||||||||||
0.11 0.112 0.114 0.116 0118 0.12 0.122 0124 041 0.112 0.114 0.116 0.118 0.12 0.122 0.124 0.126
aS(mz (Xs(m7)

Compatible with PDG value within uncertainties
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Differential tt cross sections S

= Measure top quark kinematic distributions ~ on b DB e datm i for
P4 w §°'16: NEIi_S pQCD ]
top, top pairs, (b)-jets, leptons, Go.1aF —— Approx. NNLO pQCD-
lepton pairs, E;™iss, ... Better & .t [~ MC@NLO )
P . p T o agreement 50'12; ~~~ PYTHIA ]
 Scrutinise theory predictions & models with NLO & g il % ALPGEN l+jets:
. e : approx. NNLO —o.08F; |~ top)
Enhance sensitivity t? new physics oredictions _80.06__}1 PL:;; P)_:
 Extract/use for PDF fits (future) oosf ey (2010515
Mai vsis di 1 dO_tE 002 .
= Main analysis ingredients: ————— hLii0.. vevvirven IR
y g O+7 dX 0 50 1(|)0 150 200 250 300 350 400
e Cross section measurement tt top quark P [GeV/c]
- " 100
 kinematic reconstruction of tt system X L =2.7 fb
, \ Vs =1.96TeV
» correct for detector effects & acceptance I+iet N
(unfolding) ol+jets: |\ PRL 102
?: m(tt) | \ 222003 (2009)
iSi = ' Ahrens et al.
= Visible or extrapolated to full phase space § . \ e eas
= Corrected to parton or particle level =
=
- 0.1 ,
= Normalized to inclusive of(tt) in Cooran O\
corresponding phase space B NLO +NNLL
. o - 001200 400 600 800 1000 1200
Only shape uncertainties contribute M [GeV]
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‘ Differential tt cross sectlons @ ATLAS (7 TeV) %
.—-.102E = .
L] |+JetS E) g —_ data 3 E ATLAs — data
= N ] NLO (MCFM) = _ - NLO (MCFM
(=4 jets, =1 b-tag) T 10F T e ALPGfEN )—: 8.= e Lat=20507 T ALPG(EN )_:
o E e MC@NLo 3 B ey meee- MC@NLO |
= Un-regularised unfolding E’ P p+(tt) - T y(t) ]
o 1 - ATLAS 1 ] i == i i
- - | Ldt=2.051b 7]
= Comparison to - :_f ) I |
different predictions: L 10 e
. ..g 1.5 ..vm...m..:v,vv.vv.!-.n'.v,-‘v".v.-‘v‘-.wv‘v'.v.t“l_.- -
« MC@NLO+Herwig < e = R - § sob :
. = F Y 1— ...... | = [ I N . | e gooeeeeee
- ALPGEN+Herwig 5 05b | 2 1 I I
710 20 100 200 1000 © 5 n
* NLO+NNLL > m(®)  * plGev] £ ° & 10 1 2 3
[ Ahrens et al. arXiv:1003.5827 ] == 10 3 S IVE ' ;t
> 8 L data 1 o g — data 3
S L . CONOMOFRM) ] B e [ NLO (MCFM) |
= T EEINLO+NNLL | = 1L S ALPGEN
In generaL good %JO"%—ATLAS m(tt) —; 1\E;'= E *-+-- MC@NLO ;
- = -1 . o - .
agreement between ‘D’.,m.a"gf Lat=205 ] 3oL amas m(tt) -
T L & I ] = 3
data and predictions o ] g  [Lot=205 1" ]
. g 1 SE | 1 0-2 E_ 1T O 1) .-.-..-.:.-..-.r.T.z.-..'.z.-..-f
Main syst: jet/E;™ss reco g — | 1 1
> 0.5E : 10 :
, : g 1.5 T ] 5 14f ;
= Full covariance matrix 5 e O SO AP Wit e
provided Sost.oooooo...... 4 Zog T !
> 300 1000 2000 § 300 1000 2000
EPJC (2013) 73:2261 Z m, [GeV] m, [GeV]

M. Aldaya 11 SM@LHC, 11.04.13

np»r-=p»



- CMS
‘ Differential tt cross sections @ CMS (7 TeV) ,
. 1 at\s = CMS, 5.0 o at\'s = 7 TeV
- I+jets e esema T
(= 4 jets, = 2 b-tags) > ol Dilepton Combined e Data E U! 5 ¢ e/u + Jets Combined ~ ® I\Dna?c; o
i - ——MadGraph 1 T 0.6 — MadGrap ]
dlleptOnS lg . 8:_ _____ MC@NLO _: C I+-ets_ ------ MC@NLO ]
(= 2 jets, = 1 b-tags) 3T £ - POWHEG 1 0.5]- jets. - POWHEG ]
-5 T N Approx. NNLO - y(top) - Approx. NNLO;
= Comparison to: ok ‘ RIRES 3 0.4F I
. e ] ; E :
* MadGraph+Pyth|a 4; dileptons: _E 0.3:
» MC@NLO+Herwig af = Prltop) - 0.2f
« POWHEG+Pythia of = -
E 0.1
 NLO+NNLL - m(tt) 1 L] -
« approx. NNLO > p,/y(top) © 50 100 150 200 250 303t :[aéoe\;]oo ) y'
O|"’>, 0.8 T T T Y F1 T T T T T3
Softer pT(top) in data’ O| © - Dilepton Combined e Data % [ e/ + Jets Combined e Data ]
b tt d b d Amlle} 0.7:— —— MadGraph 1 o 102k . —— MadGraph i
etter aescribe 06:_ dileptons: ---- MC@NLO —: l_.,:_, . I+jets: """ MC@NLO E
by approx. NNLO o v(tt) - powsea | B E m(tt) ~PoWHEG
0.5F 4 T 10t (arXiv:1003.5827) 3
In general, good F ] - E
agreement btw data 0.4 =S . N y
T N ] 10°F =
and predictions 0.3 - g ]
Typical syst: signal & bg 0.2F g 10—5;_ >€-—:
modelling, b-tagging, o1k E \
lepton selection Tk | g | | 1 1 U
¥ lIlllllllllllllllllllllllllllllllllllllllll 10 L L L L L L L L L L L a L L L L

7 mi[GeV]-
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%)) Differential ti tions @ CMS (8 TeV) -

P 1 _ .. -1 -
. I+jetS l:| 10§T1l();3IICMSIlplrlellllrrllllnlalrly,l 1112:2I Tt:lal.tl I\{?I_; 18I Tlelvl ] 0.7 TTTT I Iclyﬁ IPIrI-ellllTllr]ljalrly’l |1I21.I1I |ff)l Ilaltl‘:l'lgl I I?ITTYI T
(2 4 jets, = 2 b-tags) > 95_ Dilepton Combined e Data E '8| 2 [ elu+Jets Combined ¢ Data -
dileptons S F — MadGraph ~ § ~Io  oe[ — MadGraph ]
p' 38 o 0 MC@NLO - ; s MC@NLO 1
(= 2 jets, = 1 b-tags) A -~ POWHEG ] 050 ----POWHEG ]
E~ e Approx. NNLO 1 o e Approx. NNLO ]
- Companson to; 6;— (arXiv:1210.7813) _; 0'4; |+jetS: (arXiv:1205.3453) _f
5 = C ]
» MadGraph+Pythia - dileptons: - 030 -
° + i = L v ' k E E
MC@NLO+Herwig 3 TR pyltop) 0.2 E
- POWHEG+Pythia o E : :
] | 0.1 -
e approx. NNLO = p;/y(top) % === N g ;
001 1l |5|0\ L l1|0|0\| 11|510\| |2|on| lésJ0|| '31061 régéj_rz'oo -%‘Isl I I-|2I 1 I-I1|.;5I | I-|1I | I-I0|‘I5I 1 IOII 1 IOI.|5II | I|1I 1 I'i.|5ll 1 l2|I | I2I.

: ! [GeV] ,

Softer p;(top) in data, Y T | ,5x10° y'
. 4 F : 1 e IR I IR B N I
better described ~Io 07: Dilepton Combined ¢ Data . % L e/u + Jets Combined ¢ Data ]
Yy — MadGraph . I —— MadGraph ]
by approx. NNLO S MC@NLO '(—D:z _ 20 f== MC@NLO
In general, good rowes 3 ~powres
’ r . 3 vlo - . . E
agreement btw data i dileptons: - 15 Itjets: -
and predictions 0df et y(tt) pr(tt)
. . . - ] 10 —
Typical syst: signal modelling, 93 E [ ]
kinematic reco (dileptons), o2F E i ]
bg modelling (I+jets) - : S B
0.1+ - i ]
CMS-PASTOP-12-027 :1 Lo b b by s b b Lua o I L: O_IIJIIJJM
CMS-PAS TOP-12-028 25 2 15 1 -05 0 05 1 15 2 2_.5 0 50 100 150 200 t%50 300
yit P [Ge\]
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Jet multiplicity in tt(+jets) events

CMS

LHC: high fraction of tt events with extra hard jets from initial (final) state radiation

» Tune & test radiation modelling in MC with measurements

» Important for top, Higgs and many BSM studies

Compare N (ATLAS) and 1/oy, doy/dN; s (CMS) to ME+PS and NLO generators
e Corrected to particle level, presented in the visible phase space

ATLAS-CONF-2012-155
[ I I [ | I | =
B ATLAS Preliminary 1
_.@ B —®— Data
[ ——— ALPGEN+HERWIG
g 4 — — MC@NLO+HERWIG ]
@0 E e ALPGEN+PYTHIA (o, Down) 3
E i POWHEG+PYTHIA _
i _—— ILdt=4.7fb" i
1% lHjets == =TV
- anti k, R=0.4 — :
L ml<25 ]
P, > 25 GeV .
102 E_u+jets =
= { Il ]I l | -
&5
®.51 =
(&)
~ [ e e
O 1_-.:-!“““ ................................ ]
2 — b TEEETEEEN
0.5F - =
3 4 5 6 7 28

jets

MC/Data

-
o
T

o
(53]

—_
TTT TT

CMS-PAS TOP-12-01
CMS Prelimina

8
ry, L=5 b at {s=7 TeV

CMS-PAS TOP-12-023
CMS Preliminary. 5.0 fo' at\'s=7 TeV

T T I = =
I+jets C Dilepton Combined dileptons -
1E -
= pr > 35 GeV = 3 p; > 30 GeV
C o Data(combined) —  To-do-- . E |—.—
i 110" == P =
| —— tf MadGraph+Pythia ] E
[ A T L
e {f MC@NLO*Herwig 102 ¢ Data E
C F —— MadGraph+Pythia
[ —— tf POWHEG+Pythia o MC@NLO+Herwig
- tewemen 103 — POWHEGH+Pythia I
15 F =
NN === SN 1 o= —
, , , , L e o405 B . .
3 4 5 6 7 >8 2 3 4 5

Jet Multiplicity

General good agreement between data and predictions

M. Aldaya
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tt with veto on extra jets: “gap fractlon” @

CMS Prellmlnary 5 Ofb at\s=7 TeV

CMS-PAS 1.05 R R -
EPJC (2012) 72:2043 TOP-12-023 é 1;D|Iepton Combined. | T _E
. [&) E =
= Dilepton channels 8ok 3
(= 2 jets, = 1, 2 b-tags) § ogé | In| < 2.4 7
m L] -
= Fraction of events withno ~ *>- ¢ . -
‘ . 08— ¥ * -
extra jet above a given p; (Q) o [ Syst+Stat error -
» . . IPE — MadGraph+Pythia E
- sensitive to leading-p; add. jet 0_75;1:'1 POWHEG+PyiHia -
0.65 2 ---- MC@NLO+Herwig 3
= Corrected for detector eb ' -
effects, compared to R
ME+PS and NLO generators Soss-— .
0.9 _
g 50 100 150 2001st 2(?5) 30|0 35([)G 3?0
additional jet p_ [Ge
In general, good e S e
agreement btw data 3 F Central __________ -
and predictions o 095 ATLAS
O] 09: Ldt=2.05fb" ]
- Central region: MC@NLO F veto region: [y <08 3
overshoots data (too few jets) 0.85f — MC@NLO =
- e Data + stat. —— PowHeG+HERWIG 7]
- Forward region: all generators 0.8 oyt asat PowrestPriun
produce too much radiation T S .
0,75_ - - ALPGEN+HERWIG —
% 104__ { % { } —t { } ‘__:
_ Sq02p L =
Constrain QCD S e tr——
radiation uncertainty = oo 3
_ 0.96=—55~""f00 150 200 250 300 -

M. Aldaya

15 Q, [GeV]

Gap fraction

Theory / Data

CMS

1 u»r-»

0.95
0.9
0.85

0.75

Il]II|IIIIIIIIIlIIIIIIII[lIII[l

TT]TTTT]TTTT

IyI < 2 veto region: |y| < 2.1

e Data + stat.

Syst. + stat.

Ldt=205fb"

—— MC@NLO

—— PowHeG+HERWIG

----- POWHEG+PYTHIA
== SHERPA

== ALPGEN+HERWIG

|"III|IIII|II|I|IIII|IIII|IIII|IIII|IIII|IIII|III |

PR RNS N T SR ST S N S TR SN S AT SO ST S N
150 200 250 300

50 100
Q, [GeV]
£ N B T T L T T T ]
- Forward Ferenig
098 4 ¢ T —]
- ATLAS ]
0.96 Ldt=2.05f"
0.94 :_ veto region: 1.5< |y| < 2.1 _:
0.92F — MC@NLO =
09F e Data + stat. — PowHec+HerRwIG —
cyr e POWHEG+PYTHIA .
0.88 T Syst. + stat. -]
- == SHERPA ]
0.86F - - ALPGEN+HERWIG —
R e R A Ea R
1.02|- —
0.98- —

N
40 60

A I PP SN RPN B B
80 100 120 140 160 180 200
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% Associated t'i: + b_b production CMS-PAS TOP-12-024 |

Test pQCD calculations ; irreducible, non-resonant bg for ttH(bb)

<

» Predictions have large uncerts (scales)

= Measure ratio o(ttbb)/o(ftjj)
—> large cancellation of uncertainties

» Dilepton events with = 4 jets, = 2 b-tags

L 111l

= Signal extraction by fit to the b-jet £ f ocus Prefiminary *Data
multiplicity Q[ s0fblatys=7Tev Wt + colLF
w10 Wit + bb

= O ratio at particle level in visible phase space:

=
o
-

| ee

— —y . —110? —
o(ttbb)/o(ttjj) = 3.6 = 1.1(stat.) £ 0.9(syst.)% E
» In agreement with predictions: 10 E
MadGraph: 1.2% i ]
Powheg: 1.3% First measurement 1

of o(ttbb)/o(ttjj) !
0 12340 123401234
Statistically limited b-Jet Multiplicity (CSVM)

Main syst: mistag efficiency

M. Aldaya 16 SM@LHC, 11.04.13



Associated tt + W/Z/y production @

Measure top couplings to bosons ; important bgs for BSM searches

tt+W/Z arxiv:1303.3239 (> PRL) ATLAS-CONF-2012-126

t'-t+'Y ATLAS-CONF-2011-153

|+jets evts with = 4 jets, 1 btag, 1 photon

Likelihood fit to photon isolation

Oy - BR =2.0 £ 0.5 (stat.) +
+ 0.7 (syst.) +0.08 (lumi.) pb

(extrapolated to p(y) > 8 GeV in |+jets & dileptons)

#v / bin

g CMS L=501b"atVs=7TeV 2p CMS L=5.01b"at/s=7TeV
§2) 5 | | | E r4 [ [ ]
g ¢ eow 3leptons ttZ 1 20 0w 2SS leptons -
- Ldsz { 8- Cliez ttV (V=Z,W) 1
- Cli+w . " ’ ]
5C mmz+iets 1 1ef Ctew =
- 0 oz [ Non-prompt / MisID 3
5F 1 14 " —
- - [[] Charge MisID ]
4:_ [ piboson ® B 120 @ wz B
: 1 10F B Rare sm =
1 8 ° -
° E
4 ]
2
0
(eee  (ee)u  (wwe  (uwu ee Hp eu
CMS L= 5.0fb"at (s=7TeV
o
=08 , o _ 3.30 for ttZ
o ttV (dilepton analysis) ttZ (trilepton analysis)
g | 0.437017 (stat.) e (syst)pb  0.28777 (stat) 07 (syst) pb 30 for ttv
e | , .
8 0.6~ - :
8| Consistent with ATLAS:
(&) ..
i NLO QCD upper limit on
ol t o(ttZ) < 0.71 pb
o @ 95% CL
I e (0.74 pb exp.)
A Consistent with
alculations R
~ Cambell and Elis, JHEP 07 (2012) 052 SMo=0.14 pb
- Garzelli et al., JHEP 11 (2012) 056 1
0 17

1Vie nluu‘y «a

2.70 (exp. 3.0+ 0.9)
Consistent with SM (2.1 £ 0.4 pb)

PRt Tl B2l Gl G T80 L T2 Bal T8 ol [T B[ &0 Tl Gl Wls! Te]
50 ILdt= 1.04 0" e+jets +
E —e— data 7

- ATLAS Preliminary — ﬁ-y .
40 = non-gybkg —
bkg ]

B ttY 1 electron fakes ]
30 I hadron fakes =
20F cone20—= =
Pr =Zar<02PT(trk)

10 -
% 2 4 6 8 10 12 14 16 18 20

pioneZO [GeV]
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CMS

Summary & outlook @

ne»r-p»

* The LHC has become a real “top factory”
* Increasing precision on inclusive tt cross section, competing with theory
e First round of top-pair differential cross section measurements
» Measurements of t-t+X, where X = (b-)jets, W, Z, vy, ...

» So far, good agreement with SM

= Larger samples of 8 TeV data (~20 fb-') will allow for even more precise
measurements

» Trade off statistics for systematics
e Validate MC models & parameter variations
e« Compare with (N)NLO predictions

» Prospects for new type of measurements?
. . . - Mangano, Rojo, arXiv:1206.3557,
« Cross section ratios 8/7 TeV and double ratios t/1Z  c..on o a._,’arxw:1303_7215
« Measurements in visible phase space, particle level

-> definition of top quark at particle level

M. Aldaya 18 SM@LHC, 11.04.13



Additional information
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TOp quark mMass from O'(i:t) ATLAS-CONF-2011-054

CMS-PAS TOP-11-008 %’; CMS
T
A
S

14

Mass dependence of predicted cross section CMS Preliminary, Vs=7 TeV, L=1.14 b
allows determining m, from measured oy Top quark pole mass from cross section
9 prOVIdeS top mass In unamblguous deflnltlon CMS (Prel., L=1.14 fb") approx. NNLO ® MSTWO08NNLO value * theo ® exp * o,(m,)
_— Langenfeld et al. } ™ —170.3 +g§ +2:
= Extract pole and MS mass from Kidonaids e 700 %6847
measured cross section in dileptons Ahrens et al. . ©oere 515
L ATLAS (Prel., L=35 pb") approx. NNLO @ MSTWOSNNLO
» Most probable mass results from joint Langeneld et al. . 1664 +78
likelihood: theory ® experiment Kidonakis . 1662 *75
Ahrens et al. ° 162.2 ":?IG
—~ 600
fg. CMS Preliminary, Vs=7 TeV, L=1.14 b DO (L=5.3 fb™") approx. NNLO ® MSTWOSNNLO
o= > e T ngenfeld et al. —_——— +5.2
b“ approx. NNLO x MSTWO8NNLO: reenee e e
PP: Langenfeld et al . Kidonaids - 1667 53
angenfeld et a
400 Kidonakls Ahrens et al. ———— 163 +-i:i
Ahrens et al Tevatron direct measurement (July 2011) - 173.2 *_gg
| | | 1 | | 1 1 | | I 1 | 1 1 | ! 1 | 1 | | | 1 1
140 150 160 170 180 90
mpde (GeV)
o0 Good agreement between different calculations
| 1 weasured cross section = Results consistent also with other experiments
@ Cross section corrected for m:’°'e (Langenfeld et al)
| ] Measured cross section dependence on m"® L L . ° SySt uncert. of the measurement
3 R N A N Precision limitations: _
140 150 160 170 180 190 * PDF uncert. + as uncert. in the PDF
mP°*® (GeV)

M. Aldaya
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CMS

First o(tf) combination at LHC (7 TeV) Y. !

= ATLAS & CMS combination (uptoL=1.1fb")

e Use individual ATLAS, CMS ATLAS-CONF-2012-134, CMS-PAS TOP-12-003
combinations as input Preliminary LHC o, combination, \'s = 7 TeV - September 2012
L =0.7f"- 1.1
. HATHOR th redicti
G, = 173.3 £ 2.3 (stat) £ 9.9 (syst) pb | | /TS dHepton (ce.ep ) o 173+ 6 * 19
(5.8%) | booe - 179+ 4% 11
Full NNLO+NNLL: ATLAS, alljets ' . ; « 167+ 18+ 78
0,=172.0 " 44 ¢ (scales) ~30) | ATLAS combined - — 177+ 37 18 (6.2%)
a7 -4.38 (pdf) pb ( o) Q-M:S;ﬁl'_'epton (ee, ey, pp) i .: | 170+ 4+ 18
CMS, p+1,. '
. . . . ‘ had — — 149+ 24 + 28
» First step in discussion towards L= 140 —
" . CMS, l+jets — i 164+ 3+ 14
harmonising systematics treatment | . -0z 0 . -
LS, Al Jots ——— ——t——i 136+ 20+ 41
* So far, differences in treatment U i 16584224132 (8%)
of e.g. signal model uncertainties | M° combined = mEeess ’
LHC combined HO— 173.3+£2.3+9.38
Main systematics: . . for m=1725 GeV _ , + (stat.) + (syst.)
luminosity, detector & signal modelling 50 100 150 200 250 300 [Dglso
O

Improvements expected with
new measurements: more
statistics, better luminosity syst.

NB: not using latest measurements based on full dataset

Good agreement between experiments and with SM predictions \

M. Aldaya 21 SM@LHC, 11.04.13




First o(tf) combination at LHC (7 TeV) ¥

ATLAS CMS Correlation LHC combination

Cross-section 1770 1658 1733 » Signal modelling uncertainties
Uncertainty = ATLAS:
Statéstlcal Seal 3.2 2.2 0 2.3 * generator: MC@NLO vs Powheg
Il§(t=, negy odel ;; gg 8 ié (vs Alpgen for recent results)
Sig:acit::lorzel ¢ : ' ' « shower model: Powheg+Pythia
Powheg+Herwi

Monte Carlo 12 11 1 31 Ve Fownhegrrienwig
Parton shower 13 22 1 16 * ISR/FSR: ACER+Pythia with
Radiation 0.8 41 1 19 more/less radiation
PDF 1.9 4.1 1 2.6 * PDF
Background from data 15 3.4 0 16 - CMS:
Background from MC 1.6 1.6 1 1.6 o
Method 24 n/e 0 16 » Q2 variation in Madgraph
W leptonic branching ratio 1.0 1.0 1 1.0 * ME-PS matching
Lumcihnosity * MC tune (for some analyses)
Bunch current 5.3 5.1 1 53

- PDF
Luminosity measurement 4.3 59 0 3.4
Total systematic 10.8 14.2 9.8
Total 11.3 14.4 10.1
M. Aldaya 22 SM@LHC, 11.04.13



CMS

More info: o(tt) in I+jets @ ATLAS (8 TeV) @ |

= Aplanarity: smallest eigenvalue of M
NI

objects

_ Xy=y PikPik

! objects 2

k=1 Pk

\

M;;

b

» Systematic uncertainties (%):

Source e+ >3 jets u+ > 3jets combined
Jet/MET reconstruction, calibration 6.7,-6.3 54, -4.6 59,-52
Lepton trigger, identification and reconstruction | 2.4, -2.7 4.7, -4.2 2.7,-2.8
Background normalization and composition 1.9,-2.2 1.6, -1.5 1.8,-1.9
b-tagging efficiency 1.7,-1.3 19,-1.1 1.8,-1.2
MC modelling of the signal +12 +11 +11

Total +14 +13 +13

Luminosity: 3.6 %

M. Aldaya 23 SM@LHC, 11.04.13



More info: diff cross sections @ ATLAS @

ne»r-p»

= |+jets channel: 1 isolated u(e) pr > 20 (25) GeV ; = 4 jets (p; > 25 GeV, |n| > 2.5),
> 1 b-tag ; E;™ss > 20 (30) GeV, m(W) > 60 (25) GeV — E;™Miss

= tt kinematic reco using a likelihood fit of the measured objects to a

theoretical LO representation of the tt decay

= Unfolding by matrix inversion =250 arias T ;
B 2! Ssmulation o+ pots 3
.é 0 O x x S - o™ g
- I ) ] 5 15 3
3 5 ATLAS (1 '0'3 =
o 1d r ® O 1 (5' 1 =
S Iur-::rw \s 7TV = - 1 05 .
- 10' 2ot 1 T .. .
§ 'r Obeson 1 0 o
w IO‘r B s 05 ——
! Uncertanty - -1
103r 1 15
10°) b 2
.r i 235215105005 1 15 2 25
10 » | —_— Reconstructed y
' 8 0.06
O < ATLAS .o
= B 005 Simutation pejots
8 2
[ 004
(&) i
2 5 2-15-1-05005 115 2 2 5 o8 Jp—
i 0.02 e * .
om - °
- -
95 215105005 1 15 2 25

yl

E'(M-l)”(Ni _ Bi) Here M is the bin migration matrix, N; is

i Ji the number of observed events in bin i,
B, is the number of background events ,
A, is the acceptance and L is luminosity.

M. Aldaya 24

Vo, do /dy

Theory/Data

1

ATLAS data
ILat-zosfb' NLO (MCFM) |
-------- ALPGEN
----- MC@NLO
i
& e

cessesrtsmencennes Fm - — e
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MS

More info: 1/c do/dX @ CMS (8 TeV) ;

10° CMS Preliminary, 12.1 fo' at s =8 TeV
18?I|IlllI|l||I|'||Il|||l'll'l|||l|||l’

CMS Preliminary, 12.1 fo' at s = 8 TeV

f'-_] i bD 0.6 -lllll'lll'lllI'IIllllllllllllllllllllllll'lllll-
> [ e/u + Jets Combined e Data ] 'ol-g - e/u + Jets Combined e Data 1
8 16:_ —— MadGraph { +b 0.5L —— MadGraph 1
= 9 455 MC@NLO “F %2= MC@NLO -
ola 14 . s |+'et. .
3 8 POWHEG ] - Jet. POWHEG 1
~|bo 12 —: 04 n(b) ]
10 +iet: - i ]
: I+jet: : 0a 1
8F pr(b) E [ ]
6f - 0.2 .
4k - - ]
- 7 0.1__‘ .
2r . - 1
O:IIIAllllllllllll | —— 144 k: 0—lllllll]lll]llAlAllllllIlllllllllllllllllllllll—
50 100 150 200 250 300 350 400 2 <156 1 05 0 05 1 15 2
(GeV] b
_CMs B pplGevi T 122f'at /5= 8Tev
-Illlllllllllllllllll'lllIllllllllllllll--|10-1:IIII|IIIII|IIIIIllllllll'lllllllllllll: ll'lll'llllllll‘lllIll’lll‘ll'l"'l'l'l
14~ Dilepton Combined e Data ] ‘3 C Dilepton Combined e Data ] Dilepton Combined e Data
- — MadGraph 1 > [ —— MadGraph 1 10% o — MadGraph 7
- . = MCenno - |E s MCe@NLO {, [ [ F e ---MC@NLO ]
- - POWHEG | P | --- POWHEG i -~ POWHEG ]
- ! dileptons: ] 10 dileptons: 4 | dileptons:
o p+(11) . E m(ll) ] - m(lb)
of 1V ‘ ‘
' 1 o \ 1 B ;
2 1 e 1o ' T
0 Illlllllll]ll\‘ | L | . —llllllllllllllIllllllllllk‘lllllll— —IllllllllllllllllllIlllllllllllllllllll—
0 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

' (GeV)
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CMS

3% More info: 1/c do/dX @ CMS — Phase Space

reconstructed quantities: directly measurable quantities:
top quarks, tt system lepton(s), b-jets

[ extrapolated parton level PS | [ visible particle level PS |

11 11
[correct for] E:orrect fa
detector effects detector effects
hadronization effects no hadronization correction
extrapolate to full PS visible PS, no extrapolation:
as close to theory as possible > RCeVngy 524,
= i p,* > 20 (30) GeV, n* < 2.4 (2.1)

for dilepton (lepton+Jets) PS

reconstructed — object definition
on generator level:
- particles after radiation & hadronization
- jets: same jet algorithm
- b-Jets: identified by B-hadron

- leptons: from W, AR(lep,genJet)>0.4

— as model independent as possible
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3% More info: 1/c do/dX @ CMS - syst (7 TeV)

CMS?

» Determined individually for each bin of the measurement

» Normalized cross sections: only shape uncertainties contribute, correlated
uncertainties cancel

Typical values per bin at 7 TeV

Source Method Systematic uncertainty (%)
{+jets dileptons
Background vary with 30%-50% 3.5 0.5
Trigger eff. pr-1 dependent 0.5 1.5
] Lepton sel. pr-1 dependent 0.5 2.0
Experimental Jet energy scale pr-1N dependent 1.0 0.5
Jet energy resolution pr-1 dependent 0.5 0.5
Pileup vary Oinel.(pp) £ 8% 0.5 0.5
b tagging pr-1 dependent 1.0 0.5
Kinematic reco pr-1 dependent - 0.5
Q? vary factor 0.25-4 2.0 1.0
ME/PS threshold vary factor 0.5-2 2.0 1.0
Model Hadronisation PYTHIA vs. HERWIG 2.0 2.0
Top-quark mass 172.5 09 0.5 0.5
PDF choice PDF4LHC L.5 1.0
M. Aldaya 27 SM@LHC, 11.04.13



CMS

More info: 1/0 do/dX @ CMS — Kin reco ,

~ Lepton + jets: Kinematic fit

- vary measured 4-momenta
for lepton, jets and neutrino

- to fullfil constrains:
-m, = 804 GeV

-Mt= Mg
- neutrino: E™ss, p_ unmeasured as initial value

- consider 5 leading jets
- use b-tag information for b-jet association

- choose permutation with lowest Dilepton: Kinematic reco (~MWT)
variation wrt. object resolution (minimum x?) - underconstrained (2 neutrinos)
- constraints:
-m, = 80.4 GeV

- my = m; = fixed
- P4(XY) + p,(xy) = Em(x.y)
- vary m (1 GeV steps): 100 — 300 GeV

- prefer solutions with b-tagged jets
- choose solution with best reconstructed
neutrino energy wrt. MC spectrum

28 SM@LHC, 11.04.13




n»r-x»

S "By = 5 1
= Also as a function of Qg ,,: §oesplyl = €1 = —; g g
. . S 09F  afe = % 09 -
: g VYE E .
F(qum). fraction of evts in 8 oasi La-zosn’ 5 & wroot
which the scalar p; sum of all 08E e f(py) veto region: ly| <21 3 0.8 f(Q., ) veto region: [yl <21
iy . . = i = sum -
addltl.onal jets is below a 0.75¢ 1st add. jet— wceno . 3 ceNLo ]
Certaln th reShOId 0.7 5_ e Data + stat. — PowHeG+HERWIG _E 0.7 - e Data+stat. PowHEG+PYTHIA ]
o654 e POWHEG+PYTHIA = C — PowHea+HerwiG ]
E Syst. + stat. . 3 r Syst. + stat. 7]
. . 0.6E SHERPA = 0.6~ - SHERPA -
u Gap fraCtlon VS. dlﬂ:erent 0.55H - == ALPGEN+HERWIG _f - - = ALPGEN+HERWIG ]
. E 1 | | ! I = PR P S PN SN S BN A
generators_ § 1.05:_ 1 T T T T 1 __ § 1.05—_ T T T 1 T T T -
» General good agreement > 1> R
between data and predictions  § 8
for the full ) range C 1"
50100 150 200 250 300 50 100 150 200 250 300 350 400
Q, [GeV] Q,,, [GeV]
Gap fraction vs. (Jp for veto region: |y| < 0.8 Gap fraction vs. (Js,m, tor veto region: |y| < 0.8
N g. 1.0 — T I L | | L I T 1T I T T l L L l IH §~ i T I TrTT I TrTT | 17T I T I rTrTT I 7T I T
= Gap fraction vs. Alpgen & 00 S MOr oo
+ . . . 095 [ 098 - ﬁ .
Pythia varled. Cis value in ME E e ariASda i e ATLASdat E
(= ISR/FSR variation): x 2, x 0.5: o9 —— MC (alphas.down) : —— MC (alphas.down) ;
o —— MC (central) 1 094 e —— MC (central) E
* ag_Up variation seems to be o8 — MC(aphas.up) R —— MClaphasup) E
disfavoured by data 08 L f(p-) o9 e
1st add. jet ] o8 f(Qsym) 3
0.75 & =] ]
- - 0.86 E -
: 11 11 1 | 11 1 1 | ) I | 1 : 1 I 1111 I 11 11 l 11 11 l 1111 l 1111 l - l .
1,06 ;_] T % T 1 1 1 % T 5 1 1 % 1 1 1 % T T % T 1 1 1 % I_; 1.03 ;_I T 7T I T 1 I T 1 I T 11 I LR I L l L I L l_;
g T4 s 12E g
w 1.02 = —® 1.01F —3
T 10E :§ Lo;‘fh_’d_f_ E
% 098 = —zg 099 F _‘ E
0.96 £ - 098? =
0'94:_||I.|||||||||||||l||||||1||||_: 0'97: 11[1111[1111|1|1||||1|l|1|11111|l|11_;
50 100 150 200 250 300 50 100 150 200 250 300 350 400
Q0 [GeV]
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More info: gap fraction (CMS)

CMS Preliminary, 5.0 fo" at\/s=7 TeV

CMS

CMS Preliminary, 5.0 fb™' at\s=7 TeV

i . TL0B 1 1.05 ;e e e g
= Also as a function of Hy: 5" Disgon Gombned 3 5" Brepon Gamnen T
. : . o = = © SRS ==
f(H): fraction of evts in which Soost 1 8.eb E
the §f:alar py sum of all S ook ol f(p;) 3 §oeE f(H-) E
additional jets is below a © et 1st add. jet- ©est T E
certain threshold 08 * Data E 0.8t * Data E
E [ | Syst+Stat error 3 E [ ] Syst+Stat error 3
= Gap fraction vs. different o T adGrapnPyinia — MadGrphufytia 3
Y : 0.75 POWHEG+Pythia = 0.75 —— POWHEG+Pythia =
generators: 0.65 -~ MC@NLO+Herwig = 0653 - MC@NLO+Herwig E
» General good agreement 0.6 T 0.6 L o
. . © © I
between data and predictions & i R
= 0.95 — = 095 —
for the full n range S ook i Soeb. ]
2 50 100 150 200 t250 300 350 400 & 50 100 150 200 250 300 350 400
= 1* additional jet p, [GeV] = H, [GeV]
CMS Preliminary, 5.0 fb' at\/s=7 TeV CMS Preliminary, 5.0 fb™' at\s=7 TeV
. B B e B 1.05 T -
n Gap fraction vs. MadGraph é 1 IDilep'(lon Combined | | j _5 E | ileptlon Combined | I 3
: ) 3] aararar—e—e——e= G =
® 0.2 i ® F E
varied scales: B oo ERNN o E
: : o) -_ 5 o F E
* Higher Q2 seems to describe ~ § 09 - f(p+) 2 Sos f(H)
data better 0855 4 1st add. jet: 0855 . E
osf ¥ : gata S ] 0sE |i| gat? Stat -
; P . = [ ] Syst+Stat error = B 4 yst+ error 3
» Experimental precision smaller o ;( it 3 e T otia E
than spread due to parameter o MadGraph 4°Q° E EHT e MadGraph ngZ E
T 7 MadGraph Q“/4 - = MadGraph Q“/4 3
variation 07 [ ---- MadGraph matching up 3 0 _;l_ ---- MadGraph matching up 3
. 0.654" MadGraph matching down — 0.65.;!- ---- MadGraph matching down —
—> variations could be El . 8 ]
; e 0.6, e I [N I R = 0.65 | [ I B T T
significantly reduced s B R —
go.gsg‘wv - - %095 I e T .
o 09k ] & 09k ]
8 750700 150 200 250 300 350 400 & 50 100 150 200 250 300 350 400
= 1 additional jotp—{GeV] = H [Ge\]
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« CMS:
- Trilepton evts. from ttZ

ttZ — (t = blv) (t = bjj)(Z — €547

3 we (pr > 20, 20, 10), 2 OS same-flav

= 3 jets, = 2 b-tags ; H; > 120 GeV

- SS dileptons from ttV (V=W,2)
W — (t — blEv) (t — bjj) (W — £%0);

ttZ — (t — blEv) (t = bjj)(Z — £5£7)

2 we (pr > 55, 30) SS, = 3 jets, = 1 b-tag

H; > 100 GeV

e ATLAS: Trilepton evts from ttZ
Harder selection than CMS

3 w/(e) pr > 20 (25), 2 OS same-flav
> 4 jets, = 1 b-tag ; E;™ss > 30 GeV

Upper limit on

o(ttZ) < 0.71 pb @ 95% CL

0.74 pb expected

Consistent with SM ¢ = 0.14 pb

More info: tt + W/Z

arXiv:1303.3239 - PRL
ATLAS-CONF-2012-126

CMS

n»r-=x»

14

Number of b-jets

g CMS L= 5.0fb"at Vs =7TeV 2o CMS L=5.0f"ats=7TeV
o 8 T T T 722 | T .
: - = —
:>J> . . @ Dama 3 Ieptons ttZ J20F @ pata 2 |eptons ttZ, ttw 3
) %ﬁ*@ 9 evts obs. 118 [ti+z 16 evts obs. -
C + ] : ]
6C mmz+iets 3.2 bg exp. 116f Edtsw . 9.2 bg exp.
F Dz | [ Non-prompt / MisID ]
5 . E 14 [ ] Charge MisID _E
C [ Diboson 112 [l wz 3
4~ o ]
- 110 [ Rare SM 3
18 o -
16 -
{ 4 .
1 2
0
(ee)e  (ee)u (e  (uuu ee hu eu
CMS L= 50fb"at/s=7TeV
2 3 B T T | L ’ L | T 11T I 1T T 7T | T 1 1 \__ 3‘
S10°E atLAS Prefiminary . data 208
Lﬁ C Wi .5 ~ ttV (dilepton analysis) ttZ (trilepton analysis)
1 02 3 J‘ Ldtoa7 7 TeV. ZZ+jets § 0.43 3 (stat) 2% (syst)pb  0.28 5] (stat) 2% (syst) pb
i ’ Cliw 206/
10g B WZ+jets E :9; -
g M (162+167)+X -
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Towards a definition of top quark at particle level @

A distinctive property of the top quark is that it decays before hadronisation

* Nevertheless, the measurements of the top quark cross-section in a visible phase space
is defined by parton-level quantities

 Extrapolation to the these quantities is thus inherently model and scheme dependent

e« Common effort between ATLAS, CMS and theory to come up with a unified experimental
top quark definition at particle level

e Select events at particle level consistent with the top quark lepton + jets final
state:

e 1 lepton, 24 jets (pr > 25 GeV |n| < 2.5), 2 of which must be matched to b- First proposal by
hadrons. ATLAS for top quark

in the |+jets final state

e Then build pseudo-top quark vectors from simple algorithm:

open TOPLHC workin
e Hadronic W boson from two jets closest in AR. (grgup meeting NV(\;W 2' g

slide from M. Owen)

r

e [eptonic W boson from lepton and sum of neutrinos.

e Build hadronic top from hadronic W boson and b-jet combination which best matches the
top mass.

e Leptonic top then built from leptonic W boson plus remaining b-jet.

e Major difference to ‘traditional’ top reconstruction - no attempt to correct back
to parton level.

e Definition very close to objects measured in detector - good candidate for
unfolded measurements at hadron level.
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