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2 Compact Linear Collider (CLIC)

B 380 GeV - 11.4 km (CLIC380)
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x's e+e- Colliders

FCC-ee: CERN:; cm
energy 90-350 GeV;
circumference 97 km

]

: Schematic of an
g4 80-100km

g long tunnel

| CLIC: CERN: cm
- energy 0.38, 1.5, 3 TeV,
length 11, 29, 50 km

ILC: Japan; cm energy
250-500 GeV (1 TeV)
length: 17-31 km (50 km)

CEPC: China; cm
§ energy 240 GeV
i circumference: 100 km
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» CLIC accelerator collaboration: http://clic-study.web.cern.ch/
» CLIC detector and physics collaboration (CLICdp): http://clicdp.web.cern.ch/

O Accelerator collaboration
@ Detector collaboration
@ Accelerator+Detector collaboration %
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2013 - 2019 Development Phase

Development of a Project Plan for a
staged CLIC implementation in line with
LHC results; technical developments with
industry, performance studies for
accelerator parts and systems, detector
technology demonstrators

2019 - 2020 Decisions

Update of the European Strategy for
Particle Physics; decision towards a next
CERN project at the energy frontier
(e.g. CLIC, FCC)

CLIC timeline

2020 - 2025 Preparation Phase

Finalisation of implementation
parameters, preparation for industrial
procurement, Drive Beam Facility and
other system verifications, Technical
Proposal of the experiment, site
authorisation

2025 Construction Start

Ready for construction;
start of excavations
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2035 First Beams

Getting ready for data taking by
the time the LHC programme
reaches completion
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Higgs Physics

* Production

 Higgsstrahlung at 350 GeV
 Higgsstrahlung at 250, 350, and 420 GeV
* Higgs physics above 1 TeV

» Double Higgs production



Higgs Physics at CLIC

Dominant processes:

(ZH :
WW (Z2) — fusion
TE E o ~ log(s)
HHvV, Dominant above ~450 GeV
107 ZHH E o .
i I’ . ttH Production
102 L A R - N H Accessible at above ~500 GeV
0 1000 2000 3000 Maximum at ~800 GeV
(s [GeV] . .

350 GeV 1.4 TeV 3TeV

For unpolarized beams.
fi 500 b1 15ab " 2ab A gone somisation
# ZH events 68 000 20000 11 000 (CLIC baseline)

# Hv.V. events 17000 370000 830000

# Het e events 3700 -7 37000 84 000~ 7
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Higgsstrahlung e*e" - ZH at

Vs~350 GeV

DE CHILE
+ > 1 1 1 T 1 1 1 T 1 1 1 1 1
) $°°[ a) | | CLICdp (5 =350 GeV )
ﬁ ZH; Z— prw i
‘g { simulated data .
L1'>j ! ﬂ —fitted total :
_ 200 - —fitted signal —
¢ i - - fitted background 7
ZH events, identified through recoil mass against Z. Z=>uprecoil |
9 9 - 350 GeV -
—_ _ 100 [~ 1
ms..=s+my — 2v/sEy 4 500 fb
Model independent measurement i +J y
_ 2 I
g (6+ € — ZH) ~/ gHZZ ol Al . ‘

M [GeV]

Decay mode  Branching ratio

B(Z - ee)=3.5%, very clean;
B(Z - uu)=3.5%, very clean;
B(Z - gq)=70%, almost model independent; A(o,)=+1.8%

A(gHzz)=%0.8%

EPJC 77, 475 (2017)

A(o,,)=13.8%
A(o,,)=%3.8%

H — bb 56.1 %
H— WW" 23.1%
H— gg 8.5 %
H—t't 6.2 %
H — cc 2.8%
H—>ZZ" 2.9%
H — vy 0.23 %
H— Zy 0.16 %
Houp™ 0.021 %
o 4.2 MeV




e, Higgsstrahlung e*e”— ZH at
wvesoro - /§~250, 350, 420 GeV
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Vs =250 GeV; HZ (Z— qq) Vs = 350 GeV; HZ (Z— qq) Vs = 420 GeV; HZ (Z— qq)
% 250 T ] T _ =
Q
8
€ 200
m(REC) 150 Signal
100
70 80 90 100 110
mqq/GeV
Vs = 250 GeV; Background
> 250 ' ' '
©)
8
m(Z) £ 200
il Background
100
70 80 90 100 110 70 80 90 100 110 70 80 90 100 110
mqq/GeV mqq/GeV mqq/GeV
\/E Z o(HZ) Aoy A Ojnvis. A o(HZ)

250 GeV 500 fb~! 136fb +3.63 % +0.45% =+3.65 %
350 GeV 500fb~! 93fb +1.71% +0.56% +1.80 %
420GeV 500fb~! 68fb +£2.42% +1.02% +2.63 %

Eur.Phys.J. C76, 72 (2016)
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Higgs Physics above 1 TeV

Vector boson fusion.

e e+e- - Hvv; e+e- - Hee

* High cross section.

» Combined with increased luminosity:
access to rare Higgs decay.

ttH production.

» Extraction of top quark Yukawa coupling
» Best above 700 GeV

e A(gHt)=+4.2%, 1.4 TeV, 1.5 ab™

Measured to ~1% level

10

EPJC 77, 475 (2017)
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e+e- - ZHH: Cross section maximum at ~ 600 GeV,
but very small number of events.
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. Allows simultaneous extraction of triple
Higgs coupling A, and quartic HHWW
coupling. Benefits from high energy
operation.
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HHvV,

Expected precision: A(A) = 16% assuming 3 ab*
at 3 TeV (10% using diferential
distributions).
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Eur. Phys. J. C 77, 475 (2017)



Combined Higgs Couplings m
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CLICdp o 350 GeV
model independent o+1.4TeV

 Full CLIC program: ~5 years at each
stage, 80% e- polarization above 1 TeV.

* Model independent measurements:
1-2% for most the couplings.

» Accuracy on the Higgs width: ~3.5%

» Green circles: accuracy significantly
better than HL-LHC.

* Red circles: accuracy comparable
to HL-LHC.

12
EPJC 77, 475 (2017)
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Top Physics

» Top quark mass
» Top quark electroweak couplings

13
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guark pole mass.

| e | IS ) I 1 1 I 1 ] 1 1 | 1 ] 1 I 1 ] H
ﬂ -
e CLIC will make a dedicated scan near the 0.8 |- ti threshold - 1S mass 174.0 GeV -
threshold for a top quark pair production. _5 | — TOPPIKNNLO +CLIC350 LS + ISR ]
'S | I simulated data: 10 fb /point 1
« Cross section is very sensitive to the top ® 0.6 |- -~ top mass = 200 MeV a
3
O
| .
Q

» Uncertainty Ami~50 MeV (dominated by theory) 0.4

* In e+e- colliders top quark pairs appear through
ZIy* in the s-channel. 0.2
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e t EPJC 73, 2550 (2013)



Top Quark Electroweak Couplings

» Top quark pairs are produced via Z/y* in electron positron collisions
* New physics modifies the ttV coupling, whose general form is,

/N N N\ /N

ttV 2 — 2 2 2
LY (2, 0, 0) = —ie {3 (Y () + 26 P13 () + 222 (0-+ 0" (B () + 2555 () |
\ / \\,,,,/ t \ / \,,, v
>
b= a , Is= eV,L= 1 .
§ | Wi =" Green: CP conserved PP R
2 ' miLcC, 5= 500 Gev, L =500 " Red: CP violated oo 7 o oo
35 EPJ C75 (2015) 512 % ILC, Vs =500 GeV, L = 500 b

CLIC, {s =380 GeV, L =500 fb™
PRELIMINARY

CLIC, Vs = 380 GeV, L =500 tb™ (0, o™ 3%)
PRELIMINARY

= [l \_c Lumiup, Vs =500 GeV, L = 4000 fb™
- | CLIC, Vs =380 GeV, L =500 fb"

Uncertainty

[ [ cLic, Vs=3Tev, L =3000fb"
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Beyond the Standard Model

 Vector Boson Scattering
» Supersymmetry Direct Searches
» Non-doublet scalars
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asls = ay tr[V,lVV] tr[VFV”],
asls = astr[V,V']u[V, V"],

Anomalous couplings.

Te}

S o6 Is=8TeV, 20.2 b

K-matrix unitarization
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* Direct observation of susy particles couplings
to y/Z - precision measurements of susy
particle masses and couplings.

» The sensitivity often extends up to the kinematic
limit (e.g. up to Vs/2 for the mass of the new
particle in the case of pair production).

* Very rare processes accessible due to low
backgrounds (no QCD). CLIC is specially
equiped for electroweak states.

» The possibility for polarized electron beams and
threshold scans can potentially constrain even
more the underlying theory.
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— neutralinos
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Table 8: Summary table of the CLIC SUSY benchmark analyses results obtained with full-detector
simulations with background overlaid. All studies are performed at a center-of-mass energy of 3 TeV
(1.4 TeV) and for an integrated luminosity of 2 ab~! (1.5ab 1) [21, 22, 23,24, 25, 26, 27].

NG Process Decay mode SUSY Measured Generator Stat.
(TeV) model quantity value (GeV) uncertainty
TP o  mass 1010.8 0.6%
HRHR = TR XX %) mass 340.3 1.9%
¢ mass 1010.8 0.3%
3.0 Sleptons s sete 7Y 1I
P “RR T EE ik % mass 3403 1.0%
B | | S £ mass 1097.2 0.4%
VeVe = Xixie e WIW 7Emass 6432 0.6%
5o  Chagino X% =¥ WW 1 %+ mass 643.2 1.1%
' Neutralino  %o%s — h/Z°h/Z° 7% %5 mass 643.1 1.5%
3.0  Squarks dgdg — qOX A0 I gy mass 1123.7 0.52%
: HA” — bbbb H°/A" mass  902.4/902.6 0.3%
30 HeavyHiges  pop- | o ! H*mass 9063 0.3%
s 00 ¢ mass 560.8 0.1%
HRMR = HH XX %> mass 357.8 0.1%
¢ mass 558.1 0.1%
1.4 Sleptons ata- +a—7 00 111
P CRER 7T €€ AiXi % mass 357.1 0.1%
o~ ¢ mass 644.3 2.5%
. W
Vel 2 Tiie e WIW Timass  487.6 27%
e ) ~
14 Stau T TN 111 T, mass 517 2.0%
14 Chargino YA — x,xlw+w— - ¥ mass 487 0.2%
' Neutralino %% — h/zZ° h;’Zlexl %, Mass 487 0.1%

Large part of the SUSY
spectrum measured at
<1% level.

CERN-2012-007



Non-doublet scalar fields

The largest production mechanism at a
hadron collider only works for a scalar H
. with a large doublet component.

W ! In particular, it does not work for a pure triplet

g . commonly present in models that give mass to
P —. neutrinos.

This is an important production
mode at an electron-positron

collider. ‘

It is not penalized if the field H
IS purely triplet.

20

Phys. Rev. D 95, 075038 (2017)
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e CLIC is a mature option for a multi-TeV electron-positron collider

e It includes three stages, at 0.38, 1.5 and 3 TeV.

* It can study the Higgs boson with precision (relevant for physics beyond the SM).

* It can study the top quark mass and anomalous couplings.

» Double Higgs production can be achieved (relevant for the mechanism of SSB).

* Double vector boson fusion can be achieved, with anomalous coupling well determined.
» Supersymmetric partners can be studied with detail.

* Non doublet scalars are favored in electron-positron colliders

Thanks!

21
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