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INTRODUCTION TO THE OBSERVABLE: ISR {_ Som .

» The idea is to measure the top-quark mass
(m¢) measuring the differential cross section
of the process e'e* = ttbar yisr

» The ttbar production cross section is sensitive to the center of mass
energy and m;
oleTe™ — tt) = f(s,my)

e

e+

S = (pe— +pe+)2

» The emitted ysr reduce the available energy for the ttbar production

» Therefore the ttbar production cross section is sensible to the emitted
ISR photon energy in the ttbar + ysg production

P. Gomis (Pablo.Gomis@ific.uv.es) @ ILD Analysis & Software meeting - 08/02/2016
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INTRODUCTION TO THE OBSERVABLE: ISR (I) Gom, -
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» m¢ can be measured by B(my, () = 47, — (g =15
counting the ttbar events
' 2E.,
produced for a certain § =5 ( \/5)
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» Our observable B(m;, (') 1— ------ ---------
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is the differential cross :
0.6

section of the ttbar :
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production as a function  oof e — S— T S
of CS'= \/ 8’ R R T, NT R T l§14flscgl
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» The observable is more sensitive to m; near the top production
threshold, and the dependence diminishes as (s grows

P. Gomis (Pablo.Gomis@ific.uv.es) @ ILD Analysis & Software meeting - 08/02/2016
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PARTON LEVEL STUDY: RESULTS Gomg ©

quark mass is estimated as the mean |
of the distribution and its error as the ;
standard deviation ok Jfr .

» From these template fits the top - {[

AAAAAAA

» The input MC massis my=173.1 GeV &=

s = 500 GeV Reconstructed mass
Integrated Luminosity m; (GeV) Am; (MeV)
500 fb-1 173.158 155
1000 fb-" 173.140 103
2600 b 173.133 61

P. Gomis (Pablo.Gomis@ific.uv.es) @ ILD Analysis & Software meeting - 08/02/2016



mailto:Pablo.Gomis@ific.uv.es?subject=

FULL SIMULATION
STUDY: OUTLINE
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NEXT STEPS Gony

» Take into account the uncertainty of the luminosity
spectrum to properly evaluate the systematics due
to the luminosity smearing

» | am currently doing it for 380GeV but we plan to
include ILC configurations as well

» Improvements in the theoretical model:

» Currently one model valid at the peak, one model
valid at the tail

» We need the proper overlap between the models
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Introduction

Effective Field Theory

dim-6 operators

| _
Ler = Lsm 12 :@ O (A =
i Wib vertex

vy, d
Contact
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Martin Perell6, IFIC 10 @ CLIC Workshop 2017 - CERN - 08/03/17




Global fit

Central fit: Afb + total cross-section for the process eTe™ — tt
2 different beam polarizations in a realistic energy program.

ILC ete” —tt, LO CLIC

ILC // o + Az // eLpR + eRpL // (8 observables) CLIC/ o + Az // eLpR + eRpL // (12 observables)

= 10 - 2 10 -
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Collaboration with Gauthier Durieux (DESY) and
Cen Zhang (BNL) - to be published

Martin Perelld, IFIC 11 ﬂh CLIC Workshop 2017 - CERN - 08/03/17



External inputs (now in progres

- CPV observables for the electric and weak dipoles, Im{CtW}
and Im{CtB}.

See next section ->

ArXiv:1704.01782

- Complementarity bottom-top. 0.4
Good for CphiQ(1) and CphiQ(3). 0.2 -

g

Single top production may help. 3 Or

Extending the fit to the bottom sector can 0.2 -
provide the additional constraint we need
(but also adds further operators)

-0.4

! 1 L
-0.4 -0.2 0 0.2 0.4

Martin Perell6, IFIC 12 @ CLIC Workshop 2017 - CERN - 08/03/17



- Top decay width for Re{CtW} and CphiQ(3).

8%+ @"=>t + f cross section N\"r a\\es
Good E\—\N“N
measurement at .
tt~ production 2 R
threshold o  Fa24GoV

02
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- Top quark polarization at different axes. .

o

2= 3 TeV, e-L e+R o
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T In particular, the
- transverse axis helps to .
constrain CtB and CtW o«
N = §xq due to a higher
T = §xN. sensitivity
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Martin Perell6, IFIC 13 M cLC

Workshop 2017 - CERN - 08/03/17
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Top quark electroweak couplings

New physics can modify the electro-weak ttX vertex described in the SM

e*e- colliders allow to probe these vertices directly. The leading-order process
e+e- — tt goes directly through the ttZ and tty vertices

=k t

= X=_Z Y
= V = Vector coupling
ZIY = A = Axial coupling

o—0-|

A parametrisation of the ttX vertex for on-shell t and t and off-shell y, Z is:

. Ouv ) /|
i) = —ie { o (3 @] s + 22 i @) |

Eur. Phys. J. C (2015) 75:512
DOI 10.1140/epjc/s10052-015-3746-5

CP-violating couplings

Ilgnacio Garcia Garcia 15



Optimal CP-odd observables

6+(p+, Pe+) +e (p—a Pe‘) — t(kt) T 7?(kt_)

The CP-violating effects in ete— — tt manifest themselves in specific top-spin
effects, namely CP-odd top spin-momentum correlations and tt spin correlations.

tt — {7(qy)+ve+b+ Xpaalax)

tt —  Xpaa(ax) +€ (q )+ +b

' (q+)

Lepton+jets final state
The charged lepton is the best analyzer of the top spin

dn

Ilgnacio Garcia Garcia 16



Optimal CP-odd observables

CP-odd observables are defined with the four momenta available in tt semi-
leptonic decay channel

Ofe = ((AIXX(AID'IA)JM

s V'S
om — [ L_l N P V4 DU
4 [ +(2mt )(ax - p+) At qx+2mth P4} - P+

The way to extract the CP-violating form factor is to construct asymmetries
sensitive to CP-violation effects

L L
Al = (OfF) — (OF¢) = ¢, (s)ReF}, + cx(s)ReF, ATz AV
AIm — <0£_m> — <O£m> = 67(5)ImF27A + 5Z(S)ImFQZA A'ny%R Afa%R

Ilgnacio Garcia Garcia 17



Simulation samples (6f -> lepton+;ets)

N,
Ga, N0
e ia

Full simulation

ILC@500GeV
500fb™1, P(e-)=F80%, P(e+)=F30% (ILC LumiUp 4ab™)

CLIC@380GeV
500fb!, P(e-)=F80%

Loose timing cuts

CLIC@1.4TeV
1.5ab, P(e-)=¥80%
Tight timing cuts,

Efficiency inputs from Rickard and Martin top tagging studies

Fast Simulation

CLIC@3TeV
3ab ', P(e-)=¥80%

Extrapolate numbers from low-energy stages results

Ilgnacio Garcia Garcia 18



The measurements at hadron
colliders are expected to be
considerably less precise
than those that can be made
at lepton colliders

Nominal ILC and the CLIC
low-energy stages have a
very similar sensitivity to these

form factors, reaching limits
of IF2aY 1<0.01 for the EDF

Assuming that systematic
uncertainties can be controlled
to the required level, a
luminosity upgrade of both
machines may bring a further
improvement

LHC, Vs =14 TeV, L = 3000 fb™’
Phys.Rev.D71 (2005) 054013
Phys.Rev.D73 (2006) 034016

= [ 1Lc Lumiup, Vs =500 Gev, L = 4000 fb™
CLIC, Vs =380 GeV, L =500 fb™

Uncertainty

CLIC, Vs =3 TeV, L = 3000 fb™
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Ilgnacio Garcia Garcia
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