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Paper status @

¥ Goal: Comprehensive paper on top-quark physics at CLIC

¥ Similar in scope to the Higgs physics paper (CDS record: https://cds.cern.ch/record/2210491 )
¥ Serve as input to the European Strategy update
¥ Editorial team: Aidan Robson, Philipp Roloff, Frank Simon, Rickard Strsm, Andrea Wulzer, Filip Zarnecki
¥ Weekly meetings during writing phase (initial meeting May 2017)
¥ Title: OTop-Quark Physics at the CLIC Electron-Positron Linear Collide®
¥ Status:
¥ Submitted to JHEP on July 16 2018
¥ JHEP procedure: OReferees should review papers in 4 weeks at most (from the date of the editor's
review request).O
¥ Currently OUnder reviewO, no comments received yet
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Paper status

é

* Important locations:
¥ CDS record: https://cds.cern.ch/record/2629403
¥ Pre-print avallable at arXiv:1807.02441
¥ Git repository: ssh://git@qgitlab.cern.ch:7999/CLICdp/Publications/DraftDocuments/
Paper TopPhysics.git (location of original figures, etc.)
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Paper overview
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A staged physics programme @

¥ To fully exploit physics potential, CLIC would be implemented in several energy stages
going up to multi-TeV energies

¥ Defined by physics case w. considerations for technical constraints

¥ Paper assumes the running scenario presented in the OUpdated Baseline for a staged
Compact Linear ColliderO, DOI: http://dx.doi.org/10.5170/CERN-2016-004

(1) 100 fbt around 350 GeV + 500 fb ! at 380 GeV
(2)1.5 ab? at 1.5 TeV (the full simulation studies assume 1.4 TeV)
(3)3 abt at 3 TeV
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Top-quark production at CLIC )

¥ Top-quark pair production -
dominated by Z/! exchange

¥ Dedicated threshold scan at 350 GeV

Dominant top-quark production at CLIC
@LO incl. ISR, unpolarised

¥ Top pair production cross L e’ 2
section at 380 GeV iIs about _ y
700 fb $<’: o[ t -
¥ More than half a million + 107 F E Itz ©
tops/anti-tops! '= B -
i - e t
\ o OF ttZ E
\%‘ +CD i ( ¥ Vector boson fusion (VBF) -
~ i = ] Benefits from highest
¥ Top-quark pair production - - 1F E possible !s
cetalled study of couplings | (tHHo E ¥ Associated production: ttH
* rl\gizf\sf?urztiljr? photons and direct 1T A N R - Maximum around 's = 800
0 1000 2000 3000 GeV, optimal at ~1.5 TeV,
¥ FCNC top decays - competitive \FS [G eV] extraction of top Yukawa
limits on rare decays coupling and CP properties
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Paper structure @

1) Introduction
2) Experimental environment at CLIC (accelerator, detector, staging, beam conditions)
ntre 3) Theoretical description of top-quark production and deca y
4) Event generation, detector simulation, and reconstructio n
5) Boosted top-quark tagging
6) Top-quark mass measurements at the initial energy stage (350 & 380 GeV)
/) Kinematic properties of top-quark pair production (at all !s energies)
Analyses 8) Associated tt production processes at high energy (ttH and VBF)
9) Flavour-changing neutral current top-quark decays (380 GeV, three signatures)
EFT I 10) Phenomenological interpretations (general top-philic and top-quark compositeness)
Summary | 11) Summary and conclusions
12) Appendix: Additional event selection tables
> 73 pages
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¥ High
¥ Very

Experimental conditions at CLIC

uminosity achieved by using extremely small beam sizes

nigh E-flelds " beam-beam interactions - beamstrahlung

¥ Incoherent e*e" pairs:

Energy loss at IP
leads to energy

¥ 17.4k particles/bunch train at 3 TeV spectrum

¥ High occupancies " Impact on granularity and design
¥l " hadrons:

¥ 17k particles/bunch train at 3 TeV

¥ Main background in calorimeters and trackers " Impact Example:

granularity, design and physics measurements etePl  ttbar

¥ The impact of ISR Is similar to that of beamstrahlung incl. CLIC lumi
¥ Reconstruction of the collision energy spectrum and
¥ Possibility to use radiative events b studied at 380 GeV and 1.4 ISR
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Featured analyses
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Featured analyses

2

Incl. CLIC lumi

'S Study spectrum? P(e)
Threshold scan ~350 GeV Full detector simulation Yes unpol.
Radiative events 380 GeV Parton-level study Yes unpol.
Direct reconstruction 380 GeV Full detector simulation Yes -[+80% (50-50 split)
Top-quark pair production 380 GeV Full detector simulation Yes -[+80% (50-50 split)
Top-quark pair production 1.4 TeV Full detector simulation Yes -[+80% (50-50 split)
Top-quark pair production 3 TeV Full detector simulation Yes -[+80% (50-50 split)
ttH 1.4 TeV Full detector simulation Yes unpol.
VBF 3 TeV Parton-level study Yes unpol.
FCNC 380 GeV Full detector simulation Yes unpol./-80%
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¥ A precise measurement bone of the key objectives of
the top-physics programme at CLIC

* Threshold scan around 350 GeV
¥ Measurement of pair production cross section

¥ Optimised luminosity spectrum possible (reduced
bunch charge vs. inst. luminosity)

¥ Theoretically well-defined measurement

¥ Total uncertainty ~50 MeV achievable (largest
contribution: QCD scale uncertainty)

¥ LowCharge beneficial in combined extraction
¢ Other methods at 380 GeV
¥ Top mass from radiative events (parton-level study)

¥ Direct reconstruction in the continuum
(measurement of the invariant mass)

- i threshold - m PS 171.5 GeV

— QQbar_threshold 1.0 NNNLO
—ISR only

— CLIC 350 GeV Nominal

— CLIC 350 GeV LowCharge

Threshold scan
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Top pair production

¥ Studied semi-leptonic top pair events (tt " qgqgqlv, I=e,") to identify the top-quark charge ’e' Out
(e.g. for AFB) b //‘V
\ ,,f’“ow+ p

e Consistent set of analyses at all energy stages:

¥ 380 GeV: top-quark pair production is one of the motivations for the energy choice of the P 9 9 9 O O O Om
first CLIC stage (jet combinatorics) electron & positron
d . \
¥ 1.4 TeV /3 TeV: two complementary analyses exploring large-R jet top tagging methods Jet *’f b

u

¥ Interpretation of results through top-philic EFT operators
¥ Simple observables (total cross section and Arg) Jet
¥ Optimal observables

Boosted techniques (initial performance in this paper): ¥ Production cross-section

¥ Operation at !s > 1TeV leads to more highly collimated jet environments where standard ¥ Forward-backward
identification techniques are challenging asymmetry A rg
¥ Reconstruction of top quarks in large-R jet with subsequent identification of substructur e ¥ Statistically optimal

e Now: studied for stops searches observables
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Top pair production )

. . . . |
¥ Differential cross section for the top quarks in the - d! —— =1 (1+cos("" )%+ "12(11 cos(" )% +!3(1! cos*(""))
COS\| -
ttbar centre-of-mass system (cos("))
¥ At tree level the three terms can be related to the _ _
| | | | Sj | !tg—!|:+!|3—(4/3)(2!1+2!2+!3)
cross sections for producing top-quark pairs with Imple o .
. .. . . . _ kB _
different helicity combinations in the final state observables ArB = oL T 74 (P21 12)
'FT: B © 1
- arXiv:1807.02441 arXiv:1807.02441
1 L L — i L R L AL I AL A IR
O 2000 |- Vs=1.4TeV, P(e) = -80% CLICdp - © 1200 [ Vs =1.4TeV, P(e) = +80% CLICdp ¥ The cross section and asymmetry are
7 i WHIZARD Pin=750107" 1 - i WHIZARD | = 7500 ]
= - b C_orrected pseudo-data I = 1000 ¢ C.orrected pseudo-data — extracted from fit
@ 1500 | i ik O B Fit ] o |
i [ Total MC reco. FC 1] 800 [ Total MC reco L* 1 ¥ Detector efficiency included
- | Background only 5§ . . [ Background only T - o _
1000 F Mli Z 600 ‘ J ¥ Statistical uncertainty from
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Top Yukawaand VBF

Top Yukawa coupling Vector Boson Scattering (VBS)
¥ Full detector simulation at 1.4 TeV ¥ Parton-level study at 3 TeV
¥ The analysis from the Higgs paper was updated ¥ Make use of boosted top-tagging performance

using improved flavour-tagging ¥ EFT interpretation

¥ Incl. sensitivity to CP mixing in the ttH coupling
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FCNC top-quark decays

2

¥ FCNC couplings involving the c-quark studied at 380 GeV

| c+ L _~iede T o b
Nt ¢ Y qc) 10* ? CLICdp — FCNC signal =
2)t! c+H (H! bb) Lﬁ ; B — 6-fermion -
3) t! c+Emiss (Re-using ideas from the t' c+H analysis, 107 ¢ — 4-fermion 2

hadronic spectator) e — -
£ —e— Low mass BDT CLICdp 10 e R | _

% 10'3 - —e— High mass BDT . Expected limits 1 - | _;

_| | [H =

O t! c+Emiss R R T _‘I_L T
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= .

S 104 |- _ Reconstructed invariant mass of
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EFT top-philic interpretation

107 10' TeV
Cig.8 - CLICdp
’ semi-leptonic t#®
Cig,w [ 380GeV +1.4TeV
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CIt,B H I and Agg
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Ciq —
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i

¥ Global EFT fit to top-philic operators
¥ BSM effect described through effective dim-6

operators
‘/\ Wilson

Lepr = Lsw + | C; Q?:(S coefficients

¥ Global EFT result (bars) and single-operator (ticks)
limits

¥ OStatistically optimal observablesO [arXiv:
1807.02121] vs. Osimple observablesO# and Arg

¥ Multi-TeV analyses leads to large improvement

¥ 2-fermion Overtex operatorsO D sensitivity flat in
energy " best measured at 380 GeV (high stat.)

¥ 4-fermion Ocontact operatorsO D represent a
massive, new mediator beyond direct reach b
sensitivity rises steeply with energy " best
measured at high energy
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Top-quark compositeness

2

¥ The results from the global EFT fit reported in slide 15 were used to assess the
discovery reach of CLIC in two top-quark compositeness scenarios:
¥ Partial compositeness
¥ Total tr compositeness

oAt TS %&TOFR( - o4 HS%"8 () (*Yo$+ +**
#S "#1$% : H#$ "#1$%
| 4. " 4/012-3 1T _ | *+- " +/012-3 $$ ;
) [ &)$ 4+5 # #6' 7T+5 # & 7+5 - ) I &)$ 4+5 # #6' 7T+5 # & 7+5 -
_. : ' > : '
[ 50 discovery : 50 discovery
At arXiv:1807.02441 - i arXiv:1807.02441 -
! " #$ %% & % | " #$ %% & %
! !!!II# 11 ! !!!II# 11
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Summary

¥ A detalled study of the top-quark physics reach of CLIC
¥ Paper draft submitted to JHEP in July, pending reply

¥ Describe many important benchmark analyses, some being
expanded or used as input for the BSM report

¥ CDS record: https://cds.cern.ch/record/2629403

¥ Pre-print avalilable at arXiv:1807.02441
¥ Git repository: ssh://git@gitlab.cern.ch:7999/CLICdp/
Publications/DraftDocuments/Paper_TopPhysics.git

(location of original figures, etc.)
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Additional materal
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Global EFT fit )

107 10' TeV |
¥ Single-operator
0.0035 limits (bars)
- CLICdp ¥ Statistically optimal
0.0044 semi-leptonic t® observables
single-operator limits . ,
0.00016 380GeV+1.4TeV+3TeV ¥ Oinitial stageO vs.
380GeV Ofull stagingO

CLICdp-Pub-2018-003, arXiv:1807.02441
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