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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)

e Serve as input to the European Strategy update
e Editorial team: Aidan Robson, Philipp Roloff, Frank Simon, Rickard Strom, Andrea Wulzer, Filip Zarnecki

* \WWeekly meetings during writing phase (initial meeting May 2017)
* Title: "Top-Quark Physics at the CLIC Electron-Positron Linear Collider”
* Status:
e Submitted to JHEP on July 16 2018
e JHEP procedure: “"Referees should review papers in 4 weeks at most (from the date of the editor's
review request).”

e Currently “Under review”, no comments received yet
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Paper status

* Important locations:
e CDS record: https://cds.cern.ch/record/2629403
* Pre-print available at arXiv:1807.02441
* Git repository: ssh://qgit@gitlab.cern.ch:7999/CLICdp/Publications/DrattDocuments/

Paper_TopPhysics.git (location of original tigures, etc.)
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Paper overview
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A staged physics programme @

e 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 “Updated Baseline for a staged
Compact Linear Collider”, DOI: http://dx.doi.org/10.5170/CERN-2016-004

(1) 100 fb" 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) 3ab'at 3 TeV
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Top-quark production at CLIC

2

e Top-quark pair production -
dominated by Z/y exchange

¢ Dedicated threshold scan at 350 GeV

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

* Top pair production cross I e t
section at 380 GeV is about _ f .
700 fb I "
10 102 = = * O
e More than half a million + : - V4
tops/anti-tops! = i )
. i ) 6_ t
N\ "ok ttZ E
q) : -
\%‘ +CD - e Vector boson fusion (VBF) -
\b/ " = ] Benefits from highest
e Top-quark pair production - 1F E possible s
detailed StUdy of COUP“ngS | ; tf\/eve iH ; e Associated production: ttH
* Mass from I.SR photons and direct B I /A S - Maximum around /s = 800
reconstruction 0 1000 2000 3000 GeV, optimal at ~1.5 TeV,
. FC!\IC top decays - competitive \/S [GeV] extraction of top Yukawa
imits 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)
ntro

3) Theoretical description ot top-quark production and decay
4) Event generation, detector simulation, and reconstruction

5) Boosted top-quark tagging
6) Top-quark mass measurements at the initial energy stage (350 & 380 GeV)

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

Summary

) Phenomenological interpretations (general top-philic and top-quark compositeness)

) Summary and conclusions

)
)
)
)
)
)
7) Kinematic properties of top-quark pair production (at all \/s energies)
)
)
| 10
1
2

) Appendix: Additional event selection tables
> 73 pages
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* High luminosity achieved by using extremely small beam sizes
e \Very high E-fields = beam-beam interactions - beamstrahlung
* Incoherent e*e” pairs:

 17.4k particles/bunch train at 3 TeV

* High occupancies = impact on granularity and design
e vy = hadrons:

* 17k particles/bunch train at 3 TeV

e Main background in calorimeters and trackers — impact
granularity, design and physics measurements

* The impact of ISR is similar to that of beamstrahlung

® Reconstruction of the collision energy

e Possibility to use radiative events — studied at 380 GeV and 1.4
TeV

Experimental conditions at CLIC )

CLIC luminosity spectrum
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Featured analyses
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Featured analyses

2

incl. CLIC lumi

Vs Study cpectrum? 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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lop mass measurements

il
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Top pair production

e Studied semi-leptonic top pair events (tt = qqqqlv, |=e,p) to identify the top-quark charge
(e.g. for AFB)

e Consistent set of analyses at all energy stages:

e 380 GeV: top-quark pair production is one of the motivations for the energy choice of the
first CLIC stage (jet combinatorics)

e 1.4 TeV/ 3 TeV: two complementary analyses exploring large-R jet top tagging methods
* Interpretation of results through top-philic EFT operators
e Simple observables (total cross section and Arg)

* Optimal observables

Boosted techniques (initial performance in this paper):

e Operation at+/s > 1TeV leads to more highly collimated jet environments where standard
identification techniques are challenging

* Reconstruction of top quarks in large-R jet with subsequent identitfication of substructure

* Now: studied for stops searches

CLICdp workshop, 29 August 2018, Rickard Strom, rickard.stroem@cern.ch

Jet

P
b 9,
\ /”Ow*

electron

O O O O
positron
w- QO
a‘—’ "JJJ \ b

Jet ‘ J

u

Jet

e Production cross-section O

e Forward-backward
asymmetry Agp

o Statistically optimal
observables



mailto:rickard.stroem@cern.ch

Top pair production »)

 Differential cross section for the top quarks in the do = o1(1 4 cos(0*))% + aa(1 — cos(6*))% + a3(1 — cos?(6*))
d(cos(6*))
ttbar centre-of-mass system
e At tree level the three terms can be related to the
- . L S | oyt = or +og = (4/3)(201 + 202 + 03)
cross sections for producing top-quark pairs with impie
. . L . . b bl OF — UB 1
different helicity combinations in the final state observables App = = —2(01 — 02)
OF T 0B O
arXiv:1807.02441 arXiv:1807.02441
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©2000 |- s=1.4TeV, P(e) = -80% CLICdp © 1200 [~ Vs =14 TeV, P(e) = +80% CLICdp ~ e The cross section and asymmetry are
~ - WHIZARD .~ 7501 ~ - WHIZARD . 75010 ]
&L - ¢  Corrected pseudo-data &L 1000 ¢ Corrected pseudo-data — extracted from fit
GC) 1500 [ Fit § _ qc) [ Fit | -
= [ Total MC reco. FE > 800 Total MC reco. ~ e Detector efficiency included
LL] L Background only 55 _ L _ I Background only i
1000 | Mli - 600 |- — e Statistical uncertainty from
ls"2127Tev _F - e, - 400 £ lszt2Tey T - background included
00 " 200 k- 1 ¢ As~25%@1.4TeV
o e . - N it ] ©0:1823%@1.4TeV
—1 -0.5 0 0.5 1 —1 -0.5 0 0.5 1
cos(6*) cos(6%)

CLICdp workshop, 29 August 2018, Rickard Strom, rickard.stroem@cern.ch


mailto:rickard.stroem@cern.ch
https://arxiv.org/abs/1807.02441
https://arxiv.org/abs/1807.02441

Top Yukawa and VBF

Top Yukawa coupling Vector Boson Scattering (VBS)

e Full detector simulation at 1.4 TeV * Parton-level study at 3 TeV

* The analysis from the Higgs paper was updated
using improved flavour-tagging

* Make use of boosted top-tagging performance

 EFT interpretation
* Incl. sensitivity to CP mixing in the ttH coupling

04— T T IF CLICdp i1  Single-operator
= i L] -»= Semi-leptonic _ : [ cre o
s [ CLiCdp | See further studies Vs=3Tev sensitivity (68%)
< | Vs=14TeV - &~ Fully-hadronic , ,
03F o _ieu | of this channel in 13
| L= 194 —— Combined . , I
Yixuan's — e
resentation > 1o
0.2 - 1P , é =10 1,
i yesterday (link) 5 |
D I S | l, <
O1p>—o—o—— o o= = _ 13
! Sensitivity to the CP mixing angle : 1 .
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FCNC top-quark decays

@

 FCNC couplings involving the c-quark studied at 380 GeV

2

) L L L
1) tocty € 10* FcLicdp — 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 — N
E —o— Low mass BDT CLICdp 10 T L L] - _§
L1omp 7 rligh mass DT 1 Expected limits 1 3 LS _
» [ 5
O t—c+Emiss R I 1 _‘ . H| .
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2
5 o
S 104 |- _ Reconstructed invariant mass of
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EFT top-philic interpretation »)

102 10 TeV
o 000 Cig, B - Sem(;’_iﬁii 7 * Global EFT fit to top-philic operators
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o 0.00056 Cit.B H o and App :
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Top-quark compositeness

* 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
e Total tr compositeness

12 ‘total tr compositeness partial compositeness
10} CLICdp CLICdp
; semi-leptonic {t ; semi-leptonic tt ;
ST 380 GeV + 1.4 TeV + 3 TeV - 380 GeV + 1.4 TeV + 3 TeV -
c—); 6 :- - .
[ 50 discovery 50 discovery
4F
2| arXiv:1807.02441 - arXiv:1807.02441 -
3 14 10 20 30 40 10 20 30 40
m,[TeV] m,[TeV]
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Summary

PREPARED FOR SUBMISSION TO JHEP

® A detalled StUdy Of the top_quark phySICS reaCh Of CLlC TOp-QuarkPhysicsattheCLlCElectron-PositronLinear

Collider

* Paper draft submitted to JHEP in July, pending reply o
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* Describe many important benchmark analyses, some being

expanded or used as input for the BSM report

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

* Pre-print available at arXiv:1807.02441
* Git repository: ssh://git@gitlab.cern.ch:7999/CLICdp/ o

Publications/DraftDocuments/Paper_TopPhysics.git ==

arXiv:1807.02441v2 [hep-ex] 13 Jul 2018
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Additional material
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Global EFT fit »)

104 101 TeV

e Single-operator

REE limits (bars)
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0.0044 | semi-leptonic .tt. observables
single-operator limits
0-00016 380 GeV 4 1.4 TeV + 3 TeV * "initial stage” vs.
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CLICdp-Pub-2018-003, arXiv:1807.02441
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