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1. Top quark mass measurement using 

radiative events in the continuum.

2. Top quark reconstruction at high energies.

3. Top quark couplings through an EFT.
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Top quark mass in the continuum
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Motivation: high-precision measurement of the top-quark mass in 
the continuum of an e-e+ linear collider, complementary to the 
threshold measurement. 
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e-e+ → ttbar γISR

The cross section is sensitive to the scale of the interaction and mt
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Top quark mass in the continuum
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Methodology: template fitting of 
samples with realistic statistics 
to reference curves for different 
mt values

Observable: differential cross 
section of the ttbar pair 
production with a certain s’ (i.e 
with a certain energy of the ISR 
photon)
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Sensitivity: the observable is 
more sensitive to mt near the top 
production threshold

Precision: depends on the 
measurement of the ISR photon, 
which can be measured with 
high precision
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s (GeV) Luminosity (fb-1) mt (GeV) ∆mt (MeV)

380 500 173,141 100

500 500 173,327 294

500 4000 173,122 100

1000 1000 173,381 639

1000 3500 173,197 388

Work in progress: 
‣ A full simulation study to accomodate detector effects is on its way 
‣ A well defined theoretical framework is being developed by A. Hoang (U. 

Wien) and V. Mateu (UAM) 
‣ An optimized selection criteria has been studied 
‣ Corrections on the luminosity spectrum of the accelerator are being 

investigated

s = 500 GeV mt (GeV) ∆mt (MeV)

500 fb-1 173,158 155

1000 fb-1 173,140 103

2600 fb-1 173,133 61

Parton level study: best case 
scenario for different luminosities 
with unpolarized beams at 500 GeV

Particle level study (with selection criteria and 
detector coverage accounted): potential of the 
observable for different luminosities at different s

Precisions of a hundred MeVs are within reach of the observable



Top quark reconstruction 
at high energies
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Reconstruction Strategy
Trimming technique: remove background. 
Consists in the inclusive reconstruction of subjets inside the big 

boosted top jet. 
+ 

Top tagging: distinguish tops from QCD 
background.

Studied Samples
6 fermion final-state samples CLIC@1.4TeV 

P(e-) = -80%

Marlin processors for ILCSoft under development 

Collaboration with P. Roloff and R. Ström (CLICdp CERN). 
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Preliminary

Trimming threshold impact

• Durham algorithm 
on smaller jets. 

• R for subjets = 0.2



Martín Perelló, IFIC ILD Meeting - 29/06/16

Top tagger
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Based on LHC top tagging studies: 

Top Tagging: A Method for Identifying Boosted Hadronically Decaying Top Quarks 
Phys,Rev.Let.  101, 142001 (2008)  

To check the efficacy of this method, we calculate the
efficiency for correctly tagging a top jet !t and the effi-
ciencies for mistagging light-quark or gluon jets as top
quarks !q and !g, respectively. These are shown in Fig. 3.
There are a few important qualitative observations one can
make about this plot. For very large pT , the top tagging
efficiency goes down. This is because these jets are so
highly boosted that the calorimeter can no longer distin-
guish the subjets. As pT goes below 900 GeV, the top
tagging efficiency also decreases. This is due to some of
the top jets becoming too fat for the initial R ¼ 0:8 cluster-
ing. (This somewhat tight choice was made to suppress the
mistag efficiency, which grows faster than the top tag
efficiency with increasing R.) Examples of the sequential
effects of the individual cuts are shown in Table I. The
clustering R’s and kinematic cuts can be varied to increase
the tagging and mistagging efficiencies, as desired for a
particular S=

ffiffiffiffi
B

p
goal.

One important concern is whether the Monte Carlo
simulation generates the t!t and dijet distributions correctly.
To test this possibility, we redid our analysis using samples
generated with various shower parameters, with the ‘‘new’’
pT-ordered dipole shower in PYTHIA and with HERWIG

V.6.510 [14]. We find a 50% variation in !q and !g and a

negligible change in !t. We also ran PYTHIA with multiple
interactions and initial state radiation turned off, individu-
ally and together. Effects on !q and !g are at the 10% level
or less, indicating that the QCD jet substructure relevant
for top tagging is mostly controlled by final state parton
branchings.
One might also be worried about whether, since we are

looking at multi(sub)jet backgrounds, it would be impor-
tant to include full matrix element calculations. However,
since the events are essentially two jet events, the sub-
structure is due almost entirely to collinear radiation,
which the parton shower should correctly reproduce [15].
To confirm this, we have also simulated background events
using MADGRAPH V.4.2.4 [16]. Using events with 2 ! 4
matrix elements in a region of phase space where 1 parton
recoils against 3 relatively collinear partons, we repeated
our analysis without showering or hadronization. The re-
sulting mistag efficiencies were consistent with those from
the PYTHIA study to within 10%, which provides justifica-
tion for both the parton shower approximation and the
robustness of our algorithm.
One possible way to verify the Monte Carlo predictions

for jet substructure would be to use data directly. For
example, the efficiency of the top tagging algorithm can
be calibrated by comparing the rate for t!t events where one
top quark decays semileptonically with the rate in the all-
hadronic channel. The background rejection efficiency can
also be studied by looking in sidebands where the jet
invariant mass is not close to mt.
Top tagging may be particularly useful in the search for

new physics in t!t resonances. In the all-hadronic channel,
the biggest background for t!t is dijets, so in Fig. 4 we show
the dijet and t!t invariant mass distributions before and after
top tagging both jets. It is evident that, after top tagging,
the dijet sample is reduced to the level of the t!t sample. As
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FIG. 3 (color online). The efficiencies for correctly tagging a
top jet (!t) and mistagging a gluon jet (!g) or a light-quark jet
(!q). The quark and gluon efficiencies are of order 1% and have
been scaled in the plot by a factor of 10 for clarity.

TABLE I. Incremental efficiencies for top, gluon, and light-
quark jets passing the subjets, invariant mass, and helicity angle
cuts for jets in three different pT windows.

pT (GeV) Subjets mt mW "h

500–600 0.56 0.43 0.38 0.32
!t 1000–1100 0.66 0.52 0.44 0.39

1500–1600 0.40 0.33 0.28 0.25
500–600 0.135 0.045 0.027 0.015

!g 1000–1100 0.146 0.054 0.032 0.018
1500–1600 0.083 0.038 0.025 0.015
500–600 0.053 0.018 0.011 0.005

!q 1000–1100 0.063 0.023 0.013 0.006
1500–1600 0.032 0.015 0.010 0.006
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FIG. 2 (color online). Distribution of helicity angle for top jets,
gluon jets, and light-quark jets for pT > 700 GeV. These dis-
tributions are after the subjet requirement, top-quark mass cut,
and W mass cut have been imposed.

PRL 101, 142001 (2008) P HY S I CA L R EV I EW LE T T E R S
week ending

3 OCTOBER 2008

142001-3

Semileptonic tt decays
• Lepton identification 
• One b-jet tagged 
• Subjet analysis 
• Distinguish between 3-

jets close together from 
QCD high-pt jets



Top quark couplings 
through an EFT 

 (based on previous work with LAL)
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Collaboration with G. Durieux (DESY), C. Zhang (BNL).  

Motivation: We can connect different physics processes with the 
same operators.  

e+
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Correction to vertices Contact interactions
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“contact-
interaction” 
operators

“vertex” 
operators

Methodology: to find 
complementarity between 
operators using different 
observables.
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Top quark couplings - EFT
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Preliminary

Global fit in the ILC  
energy program:  
500 GeV + 1 TeV

Comparison with concrete BSM models Comparison with form-factors scheme

We can think about a 
possible upgrade at 1.5 

TeV or 3 TeV
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EFT method 380 GeV Form-Factor method 380 GeV

 x 2 pols @500 GeVFB + Aσ

Vector-like quarks:
MU / λ > 3 TeV (indv fit) 

MU / λ > 1.4 TeV (marg. fit)

R-S models - KK modes:
Mkk > 13 TeV (indv fit)
 Mkk > 8 TeV (marg. fit)

Individual: only 1 parameter floating (all the rest fixed). 
Marginalized: all the parameters floating.



Thank you!


