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Top (t) quark — W-boson + beauty (b) quark with > 95% probability.
In the Standard Model (SM), the branching ratio (BR) of the t-quark
1s thus given by that of the W-boson, which are very well measured

with 0.3% precision (assuming lepton universality) by the LEP
experiments, and predicted with an uncertainty of the order of 0.1%.

In the SM, BR of the t-quark 1nto leptons are same.
But, in new physics models, the BR to t-leptons could be different,
eg. via contributions from the charged Higgs (t — H'D),

or decays containing supersymmetric stop quarks (t — t + X).
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At the LHC, top anti-top pair production happens via
gluon-gluon (>84%) and quark-quark processes.

g 2 : t g t q : : t
g f g $ t q {
Almost similar diagrams could also lead to pair production of t,
decaying via t — b v; T channel followed by T — 1 + gravitino decays
which could change the measured BR to t-leptons.
Predicted cross-section for pair production of t-quark is same as that
of pair production of t-quark for mi= 120 GeV and

12% of the value for mi= 180 GeV.
ICHEP2016 limits on mi from LHC are > 800 GeV.
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Top—pair events are classified by Top Pair Branching Fractions
leptonic or hadronic decays of the
2 W-bosons and presence of b-jet(s).
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This analysis requires presence of > 1 lepton ({=e/p) 1n the event,
produced directly from W — (v or indirectly via W — tv decays,
contributions from which are not distinguished, but summed.
Events are classified based of the decays of the other W-boson:
W — jets for {+jets, W — Lv for £L0+jets, W — 1hv for Lntjets,
where th refers to the hadronic decays of the t-leptons.
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> 1 b-jets events are classified into 7 mutually exclusive final states:

® ctjets, putjets:
In £+jets channels, 3 invariant masses from 2- and 3-jet systems,
and a transverse mass distributions are fitted.

® cetjets, putjets, eptjets:
In ££°+jets channels, the di-lepton effective mass distributions
from 2 different missing transverse energy (ET) regions are fitted.
Backgrounds are smallest in the ep+jets channel.

® eThtjets, pthtjets:

In £tntjets channels, a multivariate discriminant from a boosted
decision tree (BDT) output that separates jets from tn1s fitted.
Signal significance for £tht+jets channel 1s used for optimization,
since 1t has largest background and smallest number of signal events.
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Results presented here were recorded at center-of-mass energy of Vs = 7 TeV,

the full 2011 data sample corresponding to an integrated luminosity of |[L = 4.6 fb!.
Reference: ATLLAS Collaboration, Phys. Rev. D 92, 072005 (2015)

In 2011, ATLAS employed a 3 level trigger system:
hardware based level-1 trigger, followed by software based level-2 and event filter
to bring the recorded event rate to 75 KHz and 300 Hz for analysis, respectively.

This analysis uses events recorded with single lepton triggers:
® single-muon trigger with pr > 18 GeV, or
e single-clectron trigger with Et > 20 GeV, rising to 22 GeV,
during periods of high instantancous luminosity from 2.4 to 3.7x1033 cm=~2s!

Process Monte Carlo generators
tt POWHEG + PYTHIA (Systematics: MCNLO/ALPGEN + HERWIG)
SYigle]tEtolol I CNLO + HERWIG
WyaEsrciem A PGEN + HERWIG + JIMMY
WAy HERWIG + JIMMY
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Use common selection criteria as much as possible for uniformity:

® | muon with pr> 20 GeV and/or 1 electron with Er> 25 GeV

e Er>20 GeV for
® (Consider thseeded with 1 charged track (selects 77% of tn)
® 1, overlapping with e/u/jet objects not double-counted as

® At least 2 jets with Et> 25 GeV (including b-jet requirement)
® > | b-jet with 70% efficiency, 0.8% mis-tag rate for all channels
e In (+jets channels, anti-1solated e/u are multi-jet backgrounds

o Fr>30GeV
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Use common selection criteria as much as possible for uniformity:

® | muon with pr> 20 GeV and/or 1 electron with Er> 25 GeV
® In {Hjets channels, pr> 25 GeV for muon & 1 1solated-lepton

e In ({’+jets channels, require oppositely charged 1solated e/p
e Er>20 GeV for

® (Consider thseeded with 1 charged track (selects 77% of tn)
® 1, overlapping with e/u/jet objects not double-counted as
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Use common selection criteria as much as possible for uniformity:

® | muon with pr> 20 GeV and/or 1 electron with Er> 25 GeV
® In {Hjets channels, pr> 25 GeV for muon & 1 1solated-lepton
e In ({’+jets channels, require oppositely charged 1solated e/p
e Er>20GeV for
® (Consider thseeded with 1 charged track (selects 77% of tn)
® 1, overlapping with e/u/jet objects not double-counted as
® [n {Hjets, LL’+jets channels remove events with 1dentified T
® In {thtjets channel, lepton & th must have opposite charge
® At least 2 jets with Et> 25 GeV (including b-jet requirement)
® > | b-jet with 70% efficiency, 0.8% mis-tag rate for all channels
e In (+jets channels, anti-1solated e/u are multi-jet backgrounds

o Fr>30GeV
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Use common selection criteria as much as possible for uniformity:

® | muon with pr> 20 GeV and/or 1 electron with Er> 25 GeV
® In (+jets channels, pr> 25 GeV for muon & 1 1solated-lepton
e In ({’+jets channels, require oppositely charged isolated e/p
e Er>20 GeV for
® (Consider thseeded with 1 charged track (selects 77% of tn)
® 1, overlapping with e/u/jet objects not double-counted as
e In [+jets, £L ’+jets channels remove events with 1dentified th
® In {thtjets channel, lepton & th must have opposite charge
® At least 2 jets with Et> 25 GeV (including b-jet requirement)
® > | b-jet with 70% efficiency, 0.8% mis-tag rate for all channels
e In (+jets channels, anti-1solated e/u are multi-jet backgrounds
e In (+jets channels, number of jets > 4 (including b-jet)
o Fr>30 GeV, except in L+jets channels where Er> 20 GeV
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Important Backgrounds:

o W(—Lv) + jets modeled from MC
® /(—LLl) + jets [1 mis-identified {] cross-checked with data
® Multi-jet [1 jet mis-identified as €] modeled from data
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For events with fake Et (< 30 GeV): transverse mass (mr) between {

& Eris fitted after fixing single-top & Z+jets contributions from MC.
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For events with Er>30 GeV: a 3D fit 1s performed using di-jet mass
(M;;) between 2 highest Et jets not b-tagged & 2 3-jet masses (Mbpijj,

My2j;) between 15t and 2™ highest Et b-jet and the ones used for m;;.
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Channel e-+jets L+jets

tt — (+jets 197104280 25090+£310
(MC) (18966+ 31) (24233+ 34)
tt (other) 2674+ 30 3393+ 30
(MC) ( 2577+ 11) ( 3277+ 16)
W+jets 4800500 5600500
(MC) ( 4140+ 70) ( 5850+ 90)
Z+jets (MC) 1900500 7904200
Single top (MC) 910+ 70 1170+ 80
Diboson (MC) 5.0 0.2 6.1+ 0.2
Multijet 10004120 28004140
Total Background 113334700 137002600
Signal+Background | 31000£800 38800700
Data 30733 40414

X° /ndf 188/207 218/207

S/B 1.7 1.8
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Important Backgrounds:
o /(—1LL’) + jets modeled from MC templates, but very small 1n ep
® Multi-jet [jets mis-1dentified as {] modeled from same sign data
® Single-top, Di-boson modeled from MC
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Fit di-lepton mass in 2 separate bins (30 < Er< 60 GeV, Er> 60 GeV)

to account for varying amounts of Z + jets in different Erregions.
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Channel [ p+jets ee+jets ep+jets
tt 2890+ 80 1000440 264050
(MC) (2536 11) ( 903+ 6) (2420+£11)
Z+jets 1380 50 379111 13 4
(MC) (1267 8) ( 385x11) ( 13+ 4)
Single top (MC) 6+ 8 36t 7 983+ 9
Diboson (MC) 224+ 1 8.1£0.5 3.3£0.3
Fake leptons 17+ 10 17+ 8 19410

Total Background 1430+ 50 442415 136412
Signal4+Background | 44004100 1440440 2770480

Data 4102 1447 2848
x?*/ndf 35/34 31/34 58 /49
S/B 2.1 2.3 19.4
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Important Backgrounds:
® tt— [+ jets (jets mis-identified as tn)
® 7 /tt— LL+ jets (¢ mis-identified as tn)
o Wjets, multi-jets (one jet mis-identified as £ and another jet as tn)
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Separate templates for th (MC), gluon/quark-jets (Data) are validated
by a fit to BDT output that separates jets from th using MC ensemble.
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Fit data to obtain signal th contribution
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Signal th composition

Channel Region 1 Region 2

tt — lThaqt+jets | 611.5 £ 54 621.4 £ 5.4 fitted :

tt — €€+jets 13.0 &= 0.7 13.0 = 0.7 NS ) # Of Slgnal events

Z + jets 545 £ 3.3 453 £3.0 Bonit : Th from other sources
Single TOp 23.6 £ 2.3 27.1 &+ 2.4 . Q1 »

Dibosons 15+02 22403 Dtepon:lmis-identified as T
Total 705.2 £ 6.8 709.5 £+ 6.8

fitted _ _fitted o , M
Ntt =Ns - Bnon-tt - Beepton 1S In good agreement with Nt

Ntl\z/l(l Bnon - Blepton Ngitted Ntbz‘itted
20 < BT < 35 GeV 611 £ 5 76.2 £ 3.5 171+ 1.1 N/A N/A
35 < ET < 100 GeV 621 £ 5 69.5 + 3.3 17.6 £ 1.1 N/A N/A
Combined Et bins 1232 £+ 8 146 &= 5 34.8 £ 1.5 | 1460 £+ 60 (X2 /ndf =0.69) 1280 + 60
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Definitions

A - e: acceptance X efficiency

N,,j=(observed number of tt — u+jets)/ A- €, ;

N.;=(observed number of tt — e+jets)/ A - e.;

N, .. =(observed number of tt — pu-+tjets) /A- €.,

Ne.=(observed number of tt — e + e+jets) /A - ece

N, =(observed number of tt — e + p+jets) /A- ey

N.,=(observed number of tt — £ 4+ 1, +jets) /A - €y,
Nj=Np;j+Ne;
NZZNMM +Nee ‘l‘Nep,

B,.: top quark branching ratio to pv, (v:) + X

Be: top quark branching ratio to eve(v:) + X

B,: top quark branching ratio to m,v+ + X

Bj: top quark branching ratio to jets

e+jets

p+jets ee+jets

pptjets ep+jets

(T4 jets

Ach - €on (%) | 14.0240.02

17.88+£0.02 7.0940.04

19.74+0.08  9.5040.04

4.3630.02
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Calculate B.R. and cross section

Note that B,, and B¢ include events coming from 7 leptons decaying
leptonically. With these definitions the following relations hold:

Nj =20,;-Bg-B; - L (1)
N¢ = o3 .B? - L (2)
Nr =20,; -Bg-Br - L (3)
B; +B;+Br =1 (4)

where L is the integrated luminosity. Solving four equations with

four unknowns:

B; = N;/(N; + 2N, + N7) (5)
By = 2Ny /(N; + 2Ny + N7 ) (6)
Br = N, /(N; 4+ 2N, + N) (7)
o, L= (N;j + 2N, + N,)? /4N, (8)
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Relative uncertainties (%)

o B; By B,
1 uncertainty 1.3 0.15 0.6 0.5
e uncertaint 1.1 0.15 0.5 0.5
Jet energ
Jet energy resolution 1.2 0.3 0.8 0.7
ISR/FSR 2.0 0.3 1.3 4.0
MC generator 3.6 0.6 0.8 1.9
PDF 2.9 0.3 0.1 0.3
7 identification 0.5 0.15 1.1 3.5
7 background correction 0.2 <0.1 <0.1 2.5

0.7/

- 9.2

—7.1/+7.6

—21/+1.8 —34/+4.2

Luminosity

1.8

<0.1 <0.1

<0.1

Top quark
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Ne; Nyj Nee Nyp Ney Nz
Ny; Neg
Measured | 30.624+0.26 30.57£0.29 | 3.0640.12 3.1940.10 6.06£0.12 | 6.394:0.30
61.1940.40 12.31+£0.20
SM 30.40+£1.2 30.40£1.2 | 2.86+0.11 2.86+0.11 5.7240.20 | 6.39%0.25
NNLO+NNLL 60.64+2.4 10.954:0.44
The N, are 1n units of events/pb‘1 .
Measured SM LEP
(top quark) (W)
o7 | 178 & 3 (stat.) & 16 (syst.) & 3 (lumi.) pb | 177.3 £ 9.07¢ ¢ pb
B; 66.5 + 0.4 (stat.) £ 1.3 (syst.) 67.5140.07 67.48+0.28
B, 13.3 4+ 0.4 (stat.) & 0.5 (syst.) 12.72+0.01 12.70+£0.20
B,u 13.4 0.3 (stat.) + 0.5 (syst.) 12.7240.01 12.60=x0.18
B 7.0 £0.3 (stat.) £ 0.5 (syst.) 7.0540.01 7.204+0.13
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* A single parameter fit to £ + jets, ££’ + jets and L1h + jets yields a

cross-section of ot = 178 & 17 pb, 1n good agreement with SM
prediction of it = 177.3 £ 9.0 *¢8 pb using NNLO + NNLL.

 This analysis 1s the first measurement of top quark hadronic and
semi1 leptonic branching ratios. Branching ratio measurements have
smaller systematic uncertainties than cross-section measurements
because of cancellation 1n ratios. The precision ranges from 2.3% for
t — jetsto 7.6% fort — w + X.

* The measured branching ratio B; will vary by more than the

observed uncertainty if the B(t — b v; ©) times the production cross-
section of the t-quark is > 3% of that of pair production of t-quark.
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