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The CLIC Physics Potential

¢ CLIC Overview

¢ Physics highlights:
o Higgs
o fOp
+ BSM

¢ QOutlook




Q!B Compact Linear Collider: CLIC

dHVe beam

e*e™ collider with Vs up to 3 TeV %‘(

Power- i
er generatmg Structyre

100 MV/m accelerating gradient needed 'ha/,, b -w
for compact (~50km) machine

Based on normal-conducting accelerating acce/@ratin 2
structures and a two-beam acceleration 7 st Ctyrg \*\
scheme

CLIC foreseen as a staged machine:
& Stage 1 baseline: Vs=380GeV:

precision SM physics: Higgs and top
Energies of subsequent stages
motivated by physics

¢ Stages 2 & 3 baseline: 1.5 TeV, 3 TeV

Drive beam

Main beam
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: Legend

emme CERN existing LHC
Potential underground siting :

ssee CLIC 380 Gev
sese CLIC1.5TeV
ssse CLIC 3TeV

CLIC CDR completed in 2012
9 o3 Currently developing Project Plan
: :-‘."_ W in advance of next European strategy

- WP ETR Construction could start ~2025
- P ’*’*’ﬂ 7; Duratlon ~6 years for \/3_380 GeV

Y. AP W) N AR . ~



&!b CLIC collaborations

CLIC/CTF3 accelerator collaboration CLIC detector and physics (CLICdp)
http://clic-study.web.cern.ch/ http://clicdp.web.cern.ch/
CLIC accelerator studies: Focus of CLIC-specific studies on:
« CLIC accelerator design & development ¢ Physics prospects & simulation studies
» Construction and operation of CTF3 » Detector optimization + R&D for CLIC
Rt o0 o N
@@ ® © @ 8‘?&@ X - 8 h © ..)..
& » °
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CLIC layout 3 TeV

540 klystrons 3 ) 540 klystrons
20MW, 148ps | || Drive Beam circumferences [ | | 20MW,148ps
. s delay loop 73 m . .

drive beam accelerator CR1293m drive beam accelerator
— e e e e CR2439m ——— e e

h 2.5 km h g

@ @ -
decelerator, 25 sectors of 878 m
BC2
Q BDS BDS »
A 2.75 km 2.75 km 7
TA e~ main linac, 12 GHz, 72/100 MV/m, 21 km IP e* main linac TA

[

Y

delay loop »

<
<

50 km
CR combiner ring
TA turnaround
DR damping ring ‘

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

booster linac 3
2.86 to 9 GeV Main Beam '

e~ injector
2.86 GeV

et injector
2.86 GeV
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Machine context

540 klystrons

circumferences I I I 20 MW, 148 pus
delay loop 73 m

CR1293 m
CR2439m

drive beam accelerator
2.4 GeV, 1.0 GHz

Delay loops create
drive beam bunch-
structure

A
Y

2.5km

4 delay loop

decelerator, 25 sectors of 878 m

Low energy high current drive beam -> high energy low current main beam

CTF3 test facility at CERN G T vy q
has demonstrated drive beam O ©O

generation and two-beam = R Y/ q
acceleration scheme High bunch-charge density — beamstrahlung

(up to 135MV/m measured) Incoherent e*e~ pairs and yy—>hadrons




CLIC detector and physics

!
Not to scale! -—>

o
.......

CLIC == ==

Beam structure

Requirements: < 156 ns
High precision:
jet energy resolution o(E)/(E) ~ 3.5% for E>100GeV

@ —> fine-grained calorimetry
CALICE / ECAL momentum resolution o(pr)/p? ~ 2x107° GeV-!

@ impact parameter resolution ©,, ~ 5215/(p[GeV]sin®26) um

CLICdp vertexing/
tracking programme

High occupancy
-> precise timing
(1ns, 10ns)

—Background
sluppression

¢ Provide demonstrators for the main technical challenges
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Detector optimization

< >

Initial studies used 11.4 m

variants of ILD/SID;
now finalizing new
CLIC detector model

Solenoid magnet

Ultra low-mass vertex
detector with 25 pm pixels

Main tracker, silicon-based
(large pixels and/or strips)

Forward region with
LumiCal and BeamCal

Fine grained calorimetry
used for Particle Flow Analysis
(PFA:A=75+1

Note: final beam
focusing is outside
the detector

Return yoke (iron)
with detectors for
muon ID

DIS16
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Q!B Physics motivations

+ Precision Higgs ¢ Precision
top

¢ BSM

" DIS16 Aidan Robson 10/28



i Higgs overview

g4 a4 xT(H — AA) =Ty - BR(H — AA)

o X Br t Br 9
A coupling
Oz -Br(H->bb) o FPhzz

the key

O' (need WW fusion
> T T T ] FH for precision total
G| a) CLICdp Vs =350 GeV | from recoil . : — i
X 2H, 200 | total width  Width > higher Vs)
% ¢+ simulated data g maSS
> —fitted total R
™ 200 —fi::edtsi;nal . 410——mmm8m8m8 ™ ———————m———————— afterFulu/Tanabe
- - fitted background i —SM all ffh : e+
i 3 : —2Zh : Z
I =300 —WW fusion
100 N c I /\ ZZfusion ] /
] O : :
I o O '
i + q;200 ~ / e—
0 I LAl A} PR S R 2% ol 3
100 150 200 b7 . <
2 Mrecoi / GeV 2100} \\\‘\
OzH G Hzz O Tt ]
- ocC ol WPIPIPY PUPO D S
O -BI(H->WW) o< g/ Ty 200 250 300 350 400 450 500
DIS16
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én Higgs overview

g4 a4 xT(H — AA) =Ty - BR(H — AA)

oxBr % Br g

coupling

the key
O— (need WW fusion
I H

_ for precision total
Higher energies: frorr;larse;:OII total width width -> higher Vs )

ttH, HH Y —

—e*+e - ZHH

05 f —e"+e —vwHH (WW-fusion)
O — e*+ e — vwHH (Combined)

et 2
Z c 04fF M(H) =125Gev
H S T
O C
H C?) 0.3 2
e A / H ® o2k T
HHH e E e .
O dominates

dormneles aro“”d/”?.-" e
Vs=500GeV R

at higher Vs

" DIS16 Aidan Robson Vs7GeV 12/28 I



Q!b Higgs couplings — BSM sensitivity

example scenarios in which M~ 1TeV for new particles

Model Ky Kb Ko~y
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—-383-9% ~—-9%
Top Partner ~ —2% ~ —2% ~ +1%

arXiv: 1310.8361

DIS16 Aidan Robson
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€D Hadronic events in recoil analysis

at Vs above ZH cross-section peak: leptonic recoil does not provide required precision
—> can sensitivity be recovered using hadronic Z decay?

Vs = 350 GeV; HZ (Z— qq)
Isgye: -> different efficiencies for g% B
>L . %é different Higgs decays — & oo
z can it be made model-
independent? 150
->YES ;

consider events as candidate

invisible or visible Higgs decay: ° % % [.°

reconstruct visible Higgs
candidates as 4 or 5 “jets”

2 jets from Z->qq, plus Higgs decay

H—qq: = 4 ‘objects’ to reconstruct
H—yy : = 4 ‘objects’

H—tr : = 4 ‘objects’
H—=WW*—lvlv : = 4 ‘objects’
H—WW*—qqlv : = 5 ‘objects’
H—WW*—qqqq : = 6 ‘objects’
H—ZZ*—vvqq : = 4 ‘objects’
H—ZZ*—qqll : = 6 ‘objects’
H—ZZ7*—qqqq : = 6 ‘objects’
DIS16

m,/GeV
Vs = 350 GeV; Background

USe Mg, and m,_.; in £
likelinood separator ;

150

100

Aoy, ~ 4.2% for Z->lI
Aoy, ~ 1.8% for Z->qq
Ag,77 ~ 0.8% including all channels

70 80 90 100 110
mqq/GeV

arXiv: 1509.02853
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i,

Higgs -> bb/cc/gg

. e A% e+
gl state possible more,  Newanalyses a W Z
. P ' 3TeV, 1.4TeV, 350GeV H
using excellent detector ( ) )
. o W H
2jets+missing .. y e-
eNergy  also 2 jets + 2 leptons, and 4 jets
//f‘
2 2 Train BDTs
96 to classify
%63 events then

Analyses replace

earlier versions that
i had missing ey->X,
B yy->X backgrounds

5 A
v b %y
. % -
'y
AN
N3 .
: \

Hyvv->hpyas 4
event at 1.4TeV

fit templates

at Vs=350 GeV

A(oxBr(H->bb)) (VBF)
A(oxBr(H->bb)) (ZH)
A(oxBr(H->cc))
A(oxBr(H->gg))

1.8%
0.85%
10.7%
4.1%

New!

DIS16 Aidan Robson
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A Higgs self-coupling and mass

+ V. +

Self-coupling:

Looking at HHvv -> bbbbvv
4-jet final state, require 4 b-tag jets
-> systematic studies of clustering and
jet algorithm to optimize for energy flow > AMA =12%
at Vs=3TeV (2ab-1)

Measure Higgs self-coupling gyyy at 3 TeV;
simultaneous extraction with g..ww

Higgs mass:
Dataset Am,, Am,,
unpolarised p(e-)
HL-LHC projection:
1.4 TeV 47MeV 35 MeV Amy =50 MeV  arxiv:1310.8361
3 TeV 44 MeV 33 MeV

1.4+3TeV 32MeV 24 MeV

" DIS16 Aidan Robson 16/28 I



én Comprehensive Higgs studies

Statistical precision Statistical precision
Channel Measurement Observable 350GeV Channel Measurement Observable 1.4TeV 3TeV
500fb~! 1.5ab-1  2.0ab~!
ZH Recoil mass distribution my 110MeV Hv, V. H — bb mass distribution my 47MeV  44MeV
ZH 6(ZH) x BR(H — invisible) Iy, 0.6% — —
Hv,_¥, o (Hv,V.) X BR(H — bb I; 0.4% 0.3%
ZH o(ZH) x BR(Z — 1*17) Sz 42% s el i b) g§wwg§*bb/ o - -
s &(ZH) x BR(Z — q8) 2 R Hv, Ve o (Hv,Ve) X BR(H — c¢) giiww8iec/ITH 6.1% 6.9%
s &(ZH) x BR(H — bb) £t e 5 '857 Hv,V, o(Hv,Ve) X BR(H — gg) 5.0% 4.3%
. 0 — i —
o = ol ?zzggbb /FI‘: i Hv,ve  O(Hvve)xBRH->t1") gwwle/li  42%  44%
ZE o(ZH) x BR(H - gg) HEZSHex 45% Hv,V, o(HvVe) X BRH - w™u™)  ghwwei, /I 38% 25%
7ZH O'(ZH) X BR(H - T+‘t—) 8121228%{11/1?1 6.2% HVC\_IC O'( Ve 7 ) X BR(H — ‘YY) 15% 10%°*
ZH o(ZH) x BR(H - WW*) gl ghuw /T 5.1% HvgVe  O(HvVe) x BR(H — Zy) 2%  30%'
Hv,ve  o(Hv,v,)x BR(H — bb) ww &/ Ti 1.9% Hvyve  o(Hveve) X BR(H = WW”)  giyyy /T 1.0%  0.7%'
Hvye  O(Hv%.)xBRH )  wwsic. /I 14.5% HvVe  O(HvVe) xBRH—ZZ")  ghwwsizz/Ta  56%  3.9%'
Hv, Ve o(Hv,v.) x BR(H — gg) 5.8% Hete~ o(Hete")xBR(H—bb)  ghzz8%/IH 1.8% 2.3%"
ttH o(ttH) x BR(H — bb) B/ T 8% -
HHVeVe (o} (HHV Ve) SHHWW 7% 3%
HHv.V. o(HHv,V.) A 32% 16%
—> focus for ~3 years has been HHv,V.  with —80% e~ polarisation A 24% 12%

to measure many processes at
all energy stages;
~20 individual analyses

¢ Combined fit of all the measurements

—> extract fundamental parameters

DIS16

Aidan Robson
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&!b Comprehensive Higgs studies

ol CLICdp o 350 GeV B Each stage contributes
. model independent o +1.4TeV significantly'
e +3TeV '

first stage provides crucial
model-independent Z coupling
measurement, and couplings
to most fermions and bosons;
higher stages improve them,
and add t, u, y couplings

coupling relative to SM

¢ Large statistics at
high energies allow

- . unique measurements
and high precision!

0.8 - —

+ Fully model-independent (possible only at a lepton collider), I, free parameter
+ All results limited by g,,,, determination: 0.8% from o(HZ) measurement
¢ Higgs width extracted with 6.3—3.6% precision

" DIS16 Aidan Robson 18/28 I



4 Comprehensive Higgs studies

111 CLICdp © 350 GeV . ‘model-dependent’ assumes

model dependent . :;g\fv fractional shift in x is equal for
u,c,t; ford,s,b ; and for e,u,t ;

: . and no Higgs decay to

invisible/exotic particles

coupling relative to SM

:H - —>comparison with LHC projections

& sub-percent precisions
at high energy

O Precision significantly better than HL-LHC
0.9 @ — O Precision comparable to HL-LHC

o Comprehensive ‘Higgs Physics at CLIC’ paper
IS now In circulation -> expect to see it imminently!

¢ Planning to focus on BSM and top physics in the next period

DIS16 Aidan Robson 19/28 I



G!b Higgs couplings — BSM sensitivity

example scenarios in which M~ 1TeV for new particles

arXiv: 1310.8361

Model Kb Ko~y
Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 1% ~ 10% ~ 1%
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—-383-9% ~—-9%

Top Partner

~ —2%

~ —2% ~ +1%

CLIC precision

(model-independent)

0.8%

0.9% 3%

DIS16
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o
o9

cross section [pb]
o
o)

o
~

0.2

— tt threshold - 1S mass 174.0 GeV
- —— TOPPIK NNLO + CLIC350 LS + ISR

| 1 simulated data: 10 fb"point
— .- top mass + 200 MeV

¢ Intending threshold scan
1 around 350 GeV (10 points,
{1 ~1 year) as well as main

1 stage 1 baseline Vs=380GeV

sensitive to top mass, width
and couplings

observe 1S ‘bound state’
Am, ~ 50 MeV

350

395
\'s [GeV]

DIS16

Aidan Robson
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Precision top physics

parameterisation of ttX vertex

_ . O v _ )
TiX (K%, q,q) = —ie $ v (F (K%) + v F0 (k%) + 225 (g + 9)* (iFay (k) + 75 Fay (k%)) }

Vector

LHC, Vs =14 TeV, L = 3000 fb™

. Phys.Rev.D71 (2005) 054013
Phys.Rev.D73 (2006) 034016

Uncertainty

2mt .
Axial Tensorial CPV

597 /g7 separately measure
left- and right-handed

E_ ILC, Vs =500 GeV, L =500 fb™
B EPJ C75 (2015) 512
: CLIC, Vs =380 GeV, L =500 fb '
N PRELIMIN:RY ¢ CO u pI I ng S to Z
CLIC, s =380 GeV, L =500 fb™ (0, ,cer™ 3%) 20% -+
i PRELIMINARY
ILC(/CLIC) precision
10% -T- &
SM 71 7
1 1 . ! ! . 6
I 1 1 1
-20% -10% 10% 20% IR /gR
®4] o] :
10% -
® Little IIJQ},LN
5D Emergent
® -20% # RS with Custodial SU(2)
Y V4 z Y v4 ]
Fiv Fiv Fia Fov Fav See EPJL (2015) 75:512
DIS16 Aidan Robson 22/28



G!b Precision top physics

Sensitive to Higgs-sector resonance coupling to top;
probes scales of ~25TeV in typical scenarios

:o\z L A, i o 25 % For ILC scenarios;
S ieL. . 4. £ similaranalysisin
B S Dy e = 429 < progress for CLIC
0 [ - S
S 315 .
Q The impact of four-
b 3.0 fermion operators
= E increases strongly
S ,..E 5 with Vs

15 20

years

H20: 500/fb @ 500 GeV, 200/fb @ 350 GeV, 500/fb @ 250 GeV, 3500/fb @ 500 GeV, 1500/fb @ 250 GeV
Based on phenomenology described in Pomerol et al. arXiv:0806.3247

DIS16 Aidan Robson 23/28 I
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Direct BSM

. . 2,3 i
Pair production of new P N B
particles for M < V's/2 S 102
o F
Example: ‘SUSY model I’ e & 10k
N F
o | —
Wider applicability than just SUSY: O 1F / -
classify reconstructed particles 1 E
simply as states of given mass, spin, 10 T 1<
and quantum numbers LE ¥ Pl
10 AL e
0 1000 2000 3000
Polarized beams -> decomposition: ~ Is[GeV]
~ — Higgs — SM tt
e+ H+ by
'\ N —TLe — V& Vi Ve
Only H* components — charginos — neutralinos
B ~  of ¥,* contribute (SUSY model IlI)
e ~
U(1)v X1* = aW= + pH*
DIS16 Aidan Robson 24/28 I




Direct BSM

. . Precision on
Endpoints: .
o o gaugino
§ 100) — L e masses:
= My°= 341.75+ 6.38 %% ndf 24.5 /45
6ol few hundred
sob - GeV
i ] 4 i A N
20 7 40 60 80 100 120 140 160
0:.......... | ) JJ1[GeV]
0 00 1000 1500 2000 Foeim ~+ ~— ~0 50w +w—
° E [GeV] ee = N 2 LW W
+ - ~ 4 ~— +,.—-50~0 + .-
ee” — Jighg = W K %7 X e’e —>X2X2—>th1X1

ete” — 7((2) )”(2 — 7Zh¥ X1 Xl

Complex final states:

3
O
O |
T

3

" 4+ HH 1

ete-—>HA —> bbbb
ete~ — H*H- —> tbbt

Entries / 2 ab’
8

Entries / 2 ab™

40
~0.3% precision on O A ke i el s
heavy Higgs masses 97600 800 1000 1200 1400 07600 800 1000 1200 1400

Di-Jet Invariant Mass (GeV/c?) Di-Jet Invariant Mass (GeV/c?)
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Direct BSM

NG Process Decay mode SUSY Measured Generator Stat.
(TeV) model quantity value (GeV) uncertainty
g 42020  mass 1010.8 0.6%
HrHr =7 HH XX P mass | 3403 1.9%
{ mass 1010.8 0.3%
3.0 Sleptons e te= 0% | ;
P CRER T EC XXy % mass 340.3 1.0%
~ ~0~0_ 4. —xy74+17— [ mzws 1097.2 0.4%
VeVe P XixieTe WIW 7Emass | 6432 0.6%
3.0 Chargino X1 X = i?i?W’LW‘ I %, mass 643.2 1.1%
' Neutralino  %5%s — h/Z°h/Z° )% %5 mass 643.1 1.5%
3.0 Squarks qrdg — qc‘]i?i? I (g Mass 1123.7 0.52%
: H"A" — bbbb H°/A” mass| 902.4/902.6 0.3%
30 HeavyHiges pop- | thbi : H® mass | 906.3 0.3%
T ¢ mass 560.8 0.1%
HrEa R Xids 7. mass 357.8 0.1%
{ mass 558.1 0.1%
1.4 Sleptons aier +e— 7979 111
" RER 7T €€ Xiki 7 mass | 357.1 0.1%
S A ¢ mass 644.3 2.5%
- +w-—
VeVe  Xixie7e WIW ¥:mass | 487.6 2.7%
14  Stau T, =t T I T, mass 517 2.0%
14 Chargino X X —>i?i?W+W' I %, mass 487 0.2%
' Neutralino %9 — h/Z°h/Z° %%" %S mass 487 0.1%
141 2

DIS16

Aidan Robson
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Q!B Direct BSM

React on new discoveries:

3 CMS Preliminary 2.6 fo' (13 TeV)
3‘ 10 E T I T T T | T T T | T T T | T T T I T T T | T T T | T T T | T T T E 3 C 1~( _ 0 01
o - ATLAS Preliminary ~ _goeved ] = I \ - - - Expected limit
@ - | o - & 25 +10
Sl fs=13TeV,3.2fb i2c _ (g - w20
o = 3 r ool \ —— Observed limit
S C _ % C I GRS_>YY (LO)
= - . T
E B _ S
5 10 ] E p: )
3 - ] S
% i _ G 10 :—
S U3 E X
2 C ] o 5
y) B i C
@ C L

2x10°  3x10°
mg (GeV)

6]
X
AN
o

S
—
o

w

107500400 600" 800 1000 1200 1400 1600 1800
m, [GeV]
Depending on further clarification from LHC

CLIC could be an excellent facility to study the phenomenon
—> To be followed/studied closely, including machine options
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én Indirect BSM

e+ n+
Precision studies of ete™ — utu- z
e.g. minimal anomaly-free Z’ model o "
Observables:
_ _ _ : — 80
¢ total e*e > M+M Cross-section % u A 1s=30009 =065g =0.65 A (s=1400g’ =0.65g’, =0.65 -
¢ forward—backward asymmetry = - e 15=8000g’=0g’ =065 o Vs=1400g =0 g’ =0.65 -
¢ |eft_right asymmetry E - = (s=3000g’ =0.65g" =0 o (s=1400 g’ =0.65g" =0 .
(+80°/o electron polarization) i 60 — & 1s=3000 g,=0.659 =0.65 x Vs=1400g’ =-0.65g" =0.65 —
Either: precise measurements S ol T
of effective couplings following 'Tg i |
multi-TeV LHC discovery ‘0 - A —
N n é‘<‘7 -
= [ ]
Or: discovery reach o -
= —F
up to tens of TeV - B N B
O i _:"-71 1 l 1 ’l‘ 1 l 1 1 1 l 1 1 1 ’I‘ |
200 400 600 800 1000

Integrated luminosity [fb™]
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én Summary

¢ CLIC accelerator in advanced state of
development, and detector concept mature

¢ First energy stage provides precise measurements
of many Higgs couplings, improved by subsequent
high-energy running; comprehensive studies are
complete

¢ High-energy running provides significant
discovery potential for BSM phenomena

¢ Physics studies are ongoing

¢ New collaborators are welcome! L

http://clic-study.web.cern.ch
http://clicdp.web.cern.ch

CLICdp
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Machine context
New CLIC layout 380 GeV

_ 446 klystrons
circumferences | | | 20 MW, 48 ps
delay loop 73 m
CR1293m drive beam accelerator
CR2439m

N 25km -

< | delay loop

me delay line

BC2 BC2
1.9km F 1.9km

TA e-main linac, 12GHz. 72 MV/m, 3.5 km e* main linac TA

decelerator, 4 sectors of 878 m

- N a .
11 km

CR combiner ring

TA turnaround

DR damping ring

PDR predamping ring | booster linac

BC bunch compressor 286t09GeV

BDS beam delivery system
IP  interaction point
B dump

e-injector
2.86 GeV

e*injector
2.86 GeV

DIS16 Aidan Robson 31/28 I



Higgs couplings

Coupling | LHC CepC FCC-ee ILC CLIC FCC-hh
Vs (TeV)> |14 0.24 0.24 +0.35 0.25+0.5 [0.38+1.4+3 | 100
L(fb)) > | 3000(1 expt)| 5000 13000 6000 4000 40000
Ky 2-5 1.2 0.19 0.4 0.9

K, 2-4 0.26 0.15 0.3 0.8

K, 3-5 1.5 0.8 1.0 1.2

K, 2-5 4.7 1.5 3.4 3.2 <1
K, ~8 8.6 6.2 9.2 5.6 ~2
K. -- 1.7 0.7 1.2 1.1

K. 2-5 1.4 0.5 0.9 1.5

K, 4-7 1.3 0.4 0.7 0.9

K2y 10-12 n.a. n.a. n.a. n.a.

I, n.a. 2.8 1. 1.8 3.4

BR. i <10 <0.28 <0.19 <0.29 <1

K. 7-10 -- 13% ind. tt scan| 6.3 <4 ~17
Kuy ? 35% from K,| 20% from K, | 27 11 5-10

model-dep

model-dep

Units
are %

summary table from Fabiola Gianotti LP15
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CLICdp
| model independent

o 350 GeV
o+1.4TeV

G!b Comprehensive Higgs studies

e +3TeV

coupling relative to SM

8/4/16

Parameter Relative precision

350GeV +14TeV  +3TeV

500fb~! +1.5ab™! +2ab”!
8HZZ 0.8% 0.8 % 0.8%
SHWW 1.3% 0.9 % 0.9 %
8Hbb 2.8% 1.0 % 09 %
8Hcc 6.0 % 23% 1.9%
8Htt 4.2 % 1.7 % 1.4 %
SHup - 14.1 % 7.8%
8Htt — 4.1 % 4.1 %
Ele 3.6 % 1.7% 1.4%
Bl - 5.7% 3.2%
8Hzy — 15.6 % 9.1%
I 6.4 % 3.7 % 3.6%

Aidan Robson
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&[b Comprehensive Higgs studies

=
D CLICdp o 350 GeV | 8/4/16
> ' model dependent 5 + 1.4 TeV
.c_% o +3TeV
© Parameter Relative precision
2 ) 350GeV  +1.4TeV  +3TeV
E 500fb~! +1.5ab"! +2ab’!
Q
© KHZZ 0.57 % 0.37 % 0.34 %
1 T KHwWW 1.1% 0.21 % 0.14 %
Kibb 2.0% 041% 0.24 %
KHcc 59% 22 % 1.68 %
KEioe 3.9 % 1.5 % 1.1%
t Y . Ky - 14.1% 7.8%
KHitt — 4.0 % 4.0 %
H Kigg 32% 1.6 % 1.2%
Kilyy - 5.6 % 3.1%
0.9 Zy ~ Ktizy - 15.6 % 9.1%
Iti md, derived 1.6 % 0.41% 0.28 %
DIS16 Aidan Robson 34/28 I



@

Landscape: physics reach

| I
;ZSEZZZ3;328;83}(3120;..&.3Cmfggﬂiii:ZIZZIIZZCZZZ::IZZZIZZZCZZZ::IZIZIZZCCZZ:::IZZZIZZZZZZ::ZIZZIZZZ3ZZZ::ZIZZIIZZZZZZ::IZZZIZZCCZZZ::IZIZIZZCCZZ:::IZZZIZZCZZZ::ZIZZIIZZCZZZ::ZZZZIZZZCZZZ::IZIZIZZCZZZZ::IZZZIZZCZZZ::ZIZZIIZZCZZZ::ZIZZ:

—
o
w

2 ILC (Lumi Upgrade)

[==esseese :..:."g':::1.:532::?S::1.:9?’:?:.mezzzs.-:?::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::":::::::::":::::::::::::::::::::::.::::.:::::::::::::::::::::::::::::::::::::::T
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Dashed lines : Possible energy and luminosity upgrades

_.l ................ | PO | SO | SO | ST l ................ | SO | SO | SO | SOOI l ................ | SO | ST | TP | PO I .......

0 1000 2000 3000
/s [GeV

DIS16 Aidan Robson 35/28 I



A Higgs self-coupling and mass

+ v -

Looking at HHvv -> bbbbvv
4-jet final state, require 4 b-tag jets

-> systematic studies of clustering and
jet algorithm to optimize for energy flow

optimize reconstructed m(bb) %
@
)
-> use 5-jet reco with k; or §>
Valencia algorithm, R=1.1 —
)]
MVA trained on event variables z

Measure Higgs self-coupling g,y
at 3 TeV; simultaneous extraction

With Gppww

— ANMA =12%
at Vs=3TeV (2ab)

Valencia alg.: arXiv:1404.4294
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@

CLIC Physics

CLIC foreseen as a staged machine:

Stage 1: precision SM physics
Higgs and top

Energies of subsequent stages

motivated by physics
— unique for high-precision

-> considered optimum
energy for first stage

HZ production

> Vs~ 250-450 GeV
Top at threshold

—> Vs>350 GeV
Top pair production

> Vs>360 GeV

Recoil mass (HZ, Z->qq)
> Vs <400 GeV

stage 1 stage 2 stage 3

a | I 11 susy model Il
= 10° 1 H+X &
| g
2 102 A 11 —%ii,8
O I —— charginos
& | |
3 of || -
g | = \S‘M\’tt 'v
0 !
I — neutralinos
l
10" :
l
1 0-2 'l | P 2 L el JA . 4
0 1000 2000 3000

/s [GeV]

—  + /s ~380GeV

for first stage is good for both
HZ and top physics programme
— chosen as new baseline
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