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The Compact Linear Collider

DRIVE BEAMS
These electrons beams provide the RF power to the main accelerators
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Compact Linear Collider (CLIC):

» Based on 2-beam acceleration scheme

» Operated at room temperature

» Gradient: 100 MV/m

* Energy: 380 GeV - 3 TeV (in several stages)
*P(e”) =+80%
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CLIC staged implementation

» CLIC would be implemented
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Important processes in e*e™ collisions
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— Wide range of physics opportunities,
best explored in several energy stages

« 2-fermion production, e.g. qq
 W-boson pair production (WW)

* Higgsstrahlung (HZ):
best at 240 - 380 GeV — “Higgs factory”

e tt threshold: 350 GeV
e tt continuum: = 365 GeV

* Double Higgsstrahlung (HHZ):
cross section maximum = 600 GeV

* Single and double Higgs in
WW fusion (Hv_ v_and HHv v ):

cross section rises with energy

+ Direct searches for new particles:
highest possible energy
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Global Effective Field Theory fit

precision reach of the Universal EFT fit

102 =l HL-LHC (3/ab, S1) + LEP/SLD light shade: CLIC + LEP/SLD R
- |l HL-LHC (3/ab, S2) + LEP/SLD solid shade: combined with HL-LHC(S2) ]
" |l CLIC Stage 1 blue line: individual reach
[l CLIC Stage 1+2 yellow mark: additional result
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arXiv:1812.02093

Lsmert = Lsm + E i Input to fit:
. Higgs couplings, top-quark observables,
(

WW production, two-fermion production

1073

31/07/2020 Philipp Roloff The CLIC potential for new physics 3



Compositeness at CLIC

Composite Higgs Composite top
......................... P e
< _ [ total tr compositeness
Q@%“ ] . CLIC
o ] 81 semi-leptonic ff
cLIC s: e tth
® hvv,hZ, WW, tth | <3
ee-ff al
® HL-LHC :
ptimistl 2 -
- m - T T T
m,[TeV] m,[TeV]

m,: compositeness scale
d.: coupling strength of the composite sector

Discovery of Higgs compositeness scale up to 10 TeV (40 TeV for g, = 8)
Discovery of top compositeness scale up to 8 TeV (20 TeV for small g.)

arXiv:1812.02093
JHEP 11, 003 (2019)
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New heavy gauge boson: Y-Universal Z’

* New neutral gauge boson Z’ Y —Universal Z, 20
with mass M and charges to ;
SM particles equal to hypercharge 1'4;'
1.2F
2 10}
Cop_ Yz .
2 4 a2 8z V°t
AN g M, 0.6}

0.4}
* Coupling g, (= force strength) 0t

European gtrateg» -.
and mass are free parameters

— Indirect sensitivity to very
high mass scales at CLIC

NB: g, > 1.5 — width exceeds 30% of M
arXiv:1910.11775
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Dark Matter in loops: e*e™ — ff
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Electroweak n-plet states
with hypercharge Y: (1,n,Y)
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— CLIC reaches thermal DM mass
in case of Dirac fermion triplet candidate




Direct new physics searches

* Direct observation of new
particles coupling to y*/Z/W

— precision measurement of

new particle masses and couplings

10° L f H +X J

Cross-section [fb]
3,
o

l

* The sensitivity often extends up to : :
the kinematic limit 101k r—Tr——]
(e.g. M < Vs / 2 for pair production) 5 ]

0% " "000 2000 3000

* Very rare processes accessible Vs [GeV]
due to low backgrounds (no QCD) |
— CLIC especially suitable e
for electroweak states T hLE

—— charginos
 Polarised electron beam and threshold
scans are useful to — SM it
constrain the underlying theory — Vo Vi Ve

— neutralinos
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Higgs plus heavy singlet

Heavy singlet mixing

with Higgs boson: 0.100 LHC 8 TeV Higgs couplimgs

h =h, cosy + S siny LHC 300;[1.5_ el f

¢ = S cosy - h, siny 0.050 “LHC 3 ab~! HL-LHC Higgsfouplings]
. . Sy = My, [mg

Direct production: o v

e*e” — wab, d—hh 7 0010} S~ 1

CLIC 1.5 TeV, 1.5 ab™1 ~~
CLIC 0,38%1.5+3 TeV Higgs couplings |

_________ N e e e _______________________________h-_{_______

0.005

Indirect sensitivity from
Higgs couplings

=

0.001 CLIC 3 TeV, 3 ab~!

— Both approaches are 500 1000 1500 2000 2500
complementary mg [GeV]

arXiv:1812.02093
JHEP 11, 144 (2018)
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Doubly-charged Higgs: type |l seesaw

’ alete - H++£1+4*2£389 GeV) ——
* Pair production cross section almost flat up to the - e S H $§¥§ P
kinematic limit: e'e” — H™*H™ CO Y
Benchmark: triplet vacuum expectation I
value v, = 1072 GeV !
— BR(H** — W*W*) = 100% L ooy
(cross section in VBF at LHC very small)
o 18 300 500 000 1400
« CLIC study for 380 GeV and 3 TeV shows My [GeV]
sensitivity almost up to the kinematic limit
100 ot T Ll
10} PR N
o N

¥e = 380 GeV: Vs = 3 TeV: S

ete” > HVTH™™ - N; > 7j te S HITH — > WIWIW-W- — Nj 15 001

Mass (GeV) s £ (fb_l) Masses (GeV) | n (2, 3-tagged £ = 500fb~ 1) | £(fb~1)( with 2,3-tagged) 5 0.001 L
121 1.54 | 1054.14 300 17.96(2-tag) 38.75
137 448 124.56 1000 13.95(2-tag) 64.23 0.0001 |
159 10.48 22.76 1120 11.49(2-tag) 94.68 Le-05 ‘ ) ) i ‘ % ‘ ‘

1350 5.48(3-tag) 4 1le-09 1e-08 1e-07 1e-06 1e-05 0.0001 0.001 0.01 0.1 1

};i 1206195 % 1400 3.95(3—ta§) 801.15) va [GeV]

NB: M(H*) < M(H*)
— Luminosity for 5o discovery smaller

than foreseen integrated luminosity at CLIC
Phys. Rev. D 98, 015024 (2018)

arXiv:1812.02093
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Threshold scan for smuon pair production

Threshold scan:

Threshold scans might
help to characterise newly

— 0.3 e
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o e o o ~ B: spin Y2
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L ] et ~ 50 ~0
oF .¢| .+?0°{o p.olellri?ec! ellec.troln I?eafm-. Scll3 . e+e — MEMR — M+M X] X]
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) benefits from +80% electron fodsE= :
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: 0 . . % H - : ]
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8 with pol. “ T 40 100 200 300 1000 2000
o 100 1000 Lint [fb_1]
-1
L [0 Nucl. Inst. Meth. A 955, 163327 (2020)
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Dark Matter using stub tracks

2 fixed number of events with > 1 stubs

Benchmark: Higgsino pair production "~..__ Yt i
. L O S U/
e'e” — xy (+Y) 5 o5l 4 V- :
Small mass difference: y* — y°n* — s _le
Long-lifetime: y* leaves disappearing g ’ oo v
(“stub”) track in the detector 0.2 A
« Stub tracks required to have 4 hits 0. 100 200 500 1000 M |GeV]
in the detector
95% Excl_uglgn Rgach """
>1 stub l I I \ _
— CLIC might discover the thermal 2 stub |

>1 stub+y (50
>1 stub+y (100
>1 stub+y (200

2 stub+y (50

2 stub+y (100

2 stub+y (200

Higgsino at 1.1 TeV

H 380 GeV |
m 1.5TeV
1 3.0TeV |

)
)
)
)
)
)

0 200 400 600 800 1000 1200
m, [GeV]

arXiv:1812.02093
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Summary and additional projections

Process

HL-LHC

CLIC

Higgs mixing with heavy singlet
Higgs self-coupling AA
BR(H — inv.) (model-independent)

sin”y < 4%
~ 50% at 68% C.L.

sin” y < 0.24%
(—8%, 11%)] at 68% C.L.
< 0.69% at 90% C.L.

Higgs compositeness scale m,

m, > 3TeV
(> T7TeV for g, ~8)

Discovery up to m, = 10TeV
(40TeV for g, ~ 8)

Top compositeness scale m,,

Discovery up to m, = 8TeV
(20TeV for small coupling g.)

Higgsino mass (disappearing track search) > 250GeV > 1.2TeV

Slepton mass Discovery up to ~ 1.5 TeV
RPV wino mass (¢t = 300m) > 550GeV > 1.5TeV

7' mass (SM couplings) Discovery up to 7 TeV Discovery up to 20 TeV
NMSSM scalar singlet mass > 650GeV (tan B < 4) > 1.5TeV (tan B < 4)
Twin Higgs scalar singlet mass mg=f>1TeV mgs = f >4.5TeV
Relaxion mass (for vanishing mixing) < 24GeV < 12GeV

Relaxion mixing angle (m, < my/2)

sin @ < 2.3%

Neutrino Type-2 see-saw triplet

> 1.5TeV (for any triplet VEV)
> 10TeV (for triplet Yukawa coupling ~ 0.1)

Inverse see-saw RH neutrino

> 10TeV (for Yukawa coupling ~ 1)

Scale VLll/z for LFV (ée)(et)

> 42TeV

arXiv:1812.07986
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Conclusions

« CLIC is a mature project, ready to provide a Higgs/top factory and a
subsequent multi-TeV lepton collider

« Substantial improvement with respect to HL-LHC possible for all
discussed physics topics

« Large amount of complementarity between direct and indirect searches
for new particles and interactions (and between the different
CLIC energy stages)

« Beam polarisation and threshold scans enhance the capability to
characterise potential new discoveries further

Thank you!
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CLIC detector concept

.
Basic characteristics:

Co,, 4T » B-field: 4 T |
 Vertex detector with 3 double layers

« Silicon tracking system (1.5 m radius)
* ECAL with 40 layers (22 X))

Steel - HCAL « HCAL with 60 layers (7.5 A)

6.4m

Precise timing for
W ECAL background suppression
(bunch crossings 0.5 ns apart):
Sl L1 » = 10 ns hit time-stamping in tracking
buumiCal * 1 ns accuracy for calorimeter hits

ECAL endcap

ECAL plug

BeamCal

CLICdp-Note-2017-001
arXiv:1812.07337
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