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Introduction: ete- Ph

e Today, physics at the highest energy scales

fantastic energy reach: - here YEt ~ 4.9 TeV

ysics at the Energy Frontier

happens at the LHC

But there is a price:

o~

Run N
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Q\; AT LAS High background

|2 :
VALY 've's and particle
umber: 209580, Event Number: 179229707 mUItIpIICItIeS

Date: 2012-08-31 20:24:29 CEST

Unknown initial state
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Introduction: e*e” Physics at the Energy Frontier

. ==

e Clean environment in e*e” collisions - observed final state corresponds to underlying
fundamental interaction: allows precision measurements, “easy” identification of
hadronic final states

pp—ZH+X —ete bbb+ X ete” = ZH — p" i bb

350 GeV, CLIC_ILD

e = 3 2 —

b-Jet from H \

(candidate event)
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e Particle production at LHC dominated

by gluon and quark-gluon interactions )(
via strong interaction t
y —~
; J

» High cross-section and very high mass reach for strongly interacting states

» Hadronic final states often get lost in background

‘l‘ Physics at CLIC : .
CL|C CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de)




p and ete™: A perfect Match

e Particle production at LHC dominated

by gluon and quark-gluon interactions ¢ /)(

via strong interaction

» High cross-section and very high mass reach for strongly interacting states

» Hadronic final states often get lost in background

* At CLIC particles are produced via c.\ / i’
electroweak interactions —
e/ \ )’Z

» Typically smaller cross sections, comparable mass reach for ew and strong states

» Precision measurements also in hadronic processes

‘v
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p and ete™: A perfect Match

* Particle production at LHC dominated _
by gluon and quark-gluon interactions )<
via strong interaction ¢

» High cross-section and very high mass reach for strongly interacting states

» Hadronic final states often get lost in background

« At CLIC particles are produced via -~ / X

electroweak interactions - \
P

e-}

» Typically smaller cross sections, comparable mass reach for ew and strong states

» Precision measurements also in hadronic processes

i
|
|
|

04—
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The CLIC Physics Landscape

... a combination of certainty and speculation:
e Guaranteed physics program:
e Higgs physics - mass, couplings, potential, ...

* Top physics - properties (mass, width,...),

o
top as a probe for New Physics o10°F t H+X E
C
* Precision physics - 2 (P i A h
electroweak measurements, QCD, ... §
o 10F =
(dp] -
O -
O 1F E
10" £ 2
10-2 | A A A A | A A A A | A A A A |
0 1000 2000 3000
/s [GeV]
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The CLIC Physics Landscape

... a combination of certainty and speculation:
e Guaranteed physics program:
e Higgs physics - mass, couplings, potential, ...

* Top physics - properties (mass, width,...),

o)
top as a probe for New Physics =100 F tt H+X =
-
* Precision physics - 2 102 E : _
electroweak measurements, QCD, ... §
o 10F =
7)) =
e -
O 1F E
e Discovery potential for New Physics e _ N
» Direct production of new particles - @
Mass reach up to /s/2 for 107 (') —— ‘10'00' — '20'00' — éOIOO
(almost) all particles /s [GeV]

o Spectroscopy of New Physics

 Indirect (model-dependent) search for New Physics extending far beyond /s

I
[
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A Staged Program to

. L . QL
e For optimal luminosity, the energy of a collider =10° fi H+X
- L
based on CLIC technology can only be varied o pe’ N><
within a factor of ~ 3: Staged construction of §
the machine ¢ 10 ( —
S
S / |
First stage luminosity optimised (scenario A) 10
o [ [ L B
= 3000 [ [ntegratec ITuoTa{FOSIty - 102 bl L (U f
2 ! — 1% peak - 0 1000 2000 3000
7 : Provides: /s [GeV]
c L 0.5 TeV 1.4 TeV 3 TeV . : f BhVSi
£ 2000 earlier start of physics
= I e optimal use of physics potential
5 I
O I :
© 1000 * Precise energy of the stages depends on
o _-FFI_J,: _I_,_r'_ physics - with considerations for technical
[= - _ — 1 g
— 0 S W = il - constraints:
0 5 10 15 20 | |
Year * Possible scenario:

‘ﬂ " Physics at CLIC

CLIC Workshop, CERN, February 2014

~375 GeV, 1.4 TeV, 3 TeV

Il
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Experimental Conditions at CLIC

* The main challenge: High energy and high luminosity leads to high rates of
photon-induced processes:

= g S

}; Combined with bunch structure

e’e Pairs Y/Y* q |
\M | (0.5 ns between BX): ;
@ :@ Pile-up of hadronic background:

~ 19 TeV in HCAL / bunch train

| | < Needs to be rejected by
vy — hadrons interactions: | reconstruction

3.2 / bunch crossing @ 3 TeV '— —

Beamstrahlung

ete” pairs drive
crossing angle
& vertex detector radius

‘ﬂ " Physics at CLIC
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Experlmental Condltlons at CLIC

* The main challenge: High energy and high luminosity leads to high rates of
photon-induced processes:

= g — |

Lot Pars o Pairs Vv q ] Combined with bunch structure

- M»VW | (0.5 ns between BX):
@ @ Pile-up of hadronic background: |
v v/ q ~ 19 TeV in HCAL / bunch train
= Needs to be rejected by

3 reconstruction

Beamstrahlung

vy — hadrons interactions:

ete” pairs drive

_ 3.2 / bunch crossing @ 3 TeV —
crossing angle L ———————————,
i $0.02F -
& vertex detector radius 2 [ [77%>099s@350Gev | |-
L [ 35% >0.99 /s @ 3 TeV ]
0.015F 5
A further consequence of radiative losses: The 0.01C ]
luminosity spectrum - characterized by a main i ]
peak and a tail to lower energies 0.0051 i
O: 1 1 ) . ] mﬂ'—""l)|:
0 1000 2000 3000
- | \s'[GeV]
A PhysicsatcLic - - |
Clelgl\‘/:\fo?kshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 8 B



Reconstruction at CLIC

P e

e Event reconstruction based on Particle

én

Flow Algorithms

> Provides optimal jet energy
reconstruction

> When combined with ns-level timing in
the calorimeters: A powerful tool for the
rejection of yy = hadrons background

Physics at CLIC
CLIC Workshop, CERN, February 2014

Yy

Frank Simon (fsimon@mpp.mpg.de)




Reconstruction

at CLIC

P e

e Event reconstruction based on Particle

Flow Algorithms

> Provides optimal jet energy
reconstruction

> When combined with ns-level timing in
the calorimeters: A powerful tool for the
rejection of yy = hadrons background

1.2 TeV of backgrounfd T,

d!b Physics at CLIC
CLIC Workshop, CERN, February 2014

fz"'e_ —tt @ 3 TeV

Yy

' Reduction of
background from
19 TeV to 100 GeV:
Challenging CLIC
| environment under

control!

Frank Simon (fsimon@mpp.mpg.de)




AR

The Physics Potential

Based on studies using full GEANT4 simulations and reconstruction with realistic
detector models, including machine-induced and physics backgrounds

Physics at CLIC

CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 10



Higgs Physics at CLIC

_—_—
= =

1 A A | L T A L 1
0 1000 2000 3000
/s [GeV]

Physics at CLIC . .
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Higgs Physics at CLIC

 Now a guaranteed physics program - Profits from the wide energy reach of CLIC

S

2 Hv., '
—1n2 L |
é 10 % e+e %
! 10 ¢ 4
J'rCD - tiH HZ -
p N i
© 1§ _V“ %
10-1;— ‘«
107

1 PR TR I TR T T
1000 2000 3000
(s [GeV] < c —Xe
~ 450k

~ 80k

~1M Higgs bosons per stage (w/o polarization)
(NB: Very high reconstruction efficiency!)

Main production modes - give access to couplings and total width

m Physics at CLIC . .
( CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 11




Higgs Physics at CLIC

— —_ =

|
ﬂl
|

ttH HZ

A | A T A L A
1000 2000 3000
/s [GeV]
~ 450k

~ 80k

~1M Higgs bosons per stage (w/o polarization)
(NB: Very high reconstruction efficiency!)

Main production modes - give access to couplings and total width

Rarer Processes - ZZ fusion, direct access to top Yukawa, self-coupling

Physics at CLIC _ , B
CLIC Workshop, GERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 11 / X



Model Independent Measurements of Coupllngs

(7)) B [ L

» A unique features of lepton colliders: S o5 L + nput ot j

. S - — Fitted total .
model-independent measurement of L ! __ Fitted signal

HZZ coupling 200 - W --- Fitted background 1

150 - Z->p -
' (350 GeV, 500 fb!)

100 |- | -
50 |- .
,;1 m ! AT R N T S
L e | o 100 150 200
Aheal te meast ir y | GeV]
Absolute measurement of HZ Cross sectlon Mrecoil |
'ﬁ ~ 4.2% (stat) for leptonic Z decays at 350 GeV| 1’
CL|C v Frank Simon (fsimon@mpp.mpg.de) 12
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Model Independent Measurements of Coupllngs

(7)) B I ' 7
« A unique features of lepton colliders: =N +Input total -
; . P 0 2507 — Fitted total :
model-independent measurement of LLI : — Fitted signal
HZZ coupling 200 _ “ - -- Fitted background _
150 - Z->pp -
ook | (350 GeV, 500 fbo") |
50 |- 7
O - ! R R R N R M
100 150 200 _
ZH ->qqqq as 4 jets
% 200 vz .
<
Potentlal for substantlal |mprovement When also using =]

hadronic Z decays

* The challenge: Z->qq reconstruction and
event identification may depend on H decay mode

> Ongomg study, blas seems to be very smaII

‘l‘ - Phys:cs at CLIC

CLIC Workshop, CERN, February 2014
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* Increasing cross section of WW fusion provides w _+H
high statistics at high energy: ~ 1M H at 3 TeV wS "
£ — T %

> Possibility to access rare H decays

% ""'"""""""g.{‘;gp""_- - 0 x BR of H->pp with ~ 15% (stat) ? |
Wuwee - o x BR of H->bb with ~ 0.2% (stat)

- . | for 2 ab at 3 TeV
60 1| oxBRof H->cc with ~ 2.7% (staty O 20 2191

o X BR of H->gg with ~ 1.8% (stat)

Events /0.5 GeV

o0 [ o X BR of H->1t with ~ 3.7% (stat) for 1.5 ab™ at 1.4 TeV

Higgs mass at the 30 MeV level from direct

0 [ P PRI PR
105 110 115 120 125 130 135 reconstruction of H->bb
Di-muon invariant mass [GeV] | | o

_ - — _ 77 _

‘l‘ Physics at CLIC
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* Increasing cross section of WW fusion provides w

e’ :
-
high statistics at high energy: ~ 1M H at 3 TeV wes v

> Possibility to access rare H decays

LN B I | B A l L A I I LA B A l | B A | l L A
Bh-pp ]
I TR TR

Mu‘ue'e

80

60 [

o

Events /0.5 GeV

a0

20 |

of
105 110 115 120 125 130 135
Di-muon invariant mass [GeV]

- 0 x BR of H->pp with ~ 15% (stat)

' 0 x BR of H->bb with ~ 0.2% (stat)
| o x BR of H->cc with ~ 2.7% (stat)
o X BR of H->gg with ~ 1.8% (stat)

for 2 ab' at 3 TeV

o X BR of H->1t with ~ 3.7% (stat) for 1.5 ab™ at 1.4 TeV

Higgs mass at the 30 MeV level from direct
reconstruction of H->bb

= = — S _———

Direct access to the top Yukawa coupling

Physics at CLIC
CLIC Workshop, CERN, February 2014

Reconstruction via H->bb:

| OX BR ~ 8% for1.5ab'at 1.4 TeV|

(substantially lower precision at 3 TeV due to low cross-section)

Frank Simon (fsimon@mpp.mpg.de) 13 _/‘»:



Measurlng the nggs Self Coupllng

cross section [fb]

T

0ok : iA>\HHH~21°/0( tat) with 1.5 ab at 1.4 TeV

0-...I...I..
04 06 08 1 12 14 16

* The ultimate challenge in Higgs physics: Direct access to the Higgs potential

At CLIC: Measurement in WW fusion - increasing S~

cross-section at high energies ., L H
[~ T N H

0.16 fb at 1.4 TeV, 0.63 fb at 3 TeV i r )

. _ . . Cj/\”' \)“;‘—\

(increases by 1.8 for 80% e~ polarization) —

1_-"|"'|"'|"'|"'|"'

Cross section of HHvv final state depends on
self-coupling (with a “dilution” by other processes)

ANHHH ~ 28% (stat) with 1.5 abat 1.4 TeV |
ANHHH ~ 16% (stat) with 2 ab ' at 3 TeV unpolarized

: | ANHHH ~ 12% ( at) with 2 ab at 3 TeV

HHHM‘HHH

L_*

Physics at CLIC . . B
CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 14 73



Precision Higgs Physics at CLIC: Global Picture

 From individual measurements of o and o x BR couplings are determined via a global

L B 2 2
fit using Tuvis = Oproalii — H) x BR(H — ff) ~ TTIE
H

* model-independent: width as a free parameter
* model-dependent: width constrained - Assuming only SM decays, with perturbations of
SM BRs parametrized by k parameters (LHC-like approach)

= 1o | _| =
(g O 350 GeV 2 1.05 — O 350 GeV |
s — O+ 1.4 TeV ] +— O+1.4TeV
2 ¢ +3TeV o ® +3TeV
T I | =
s | C
) =2 l
£ 1 <>J“ e %#+ l# 5he—1e = 1 = * l+ OEre—Ote e %$+
s [l T = Hl
8 c T b t W Z 8

- Ty - T SR Wz

K i 095 M t -
0.8 B | | | B . | | |

including preliminary results of hadronic Z decays in HZ cross-section measurement

Physics at CLIC . . B
CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 15 /7S



PreC|S|on nggs PhyS|cs at CLIC Global Plcture

 From individual measurements of o and o x BR couplings are determined via a global

fit using Tuvis = Oproalii — H) x BR(H — ff) ~ TTIE
H

* model-independent: width as a free parameter
* model-dependent: width constrained - Assuming only SM decays, with perturbations of
SM BRs parametrized by k parameters (LHC-like approach)

= 1o | | | _| =
(g O 350 GeV 2 1.05 — O 350 GeV |
s — O+ 1.4 TeV ] +— O+1.4TeV
2 ¢ +3TeV o ® +3TeV
T I | =
s | C
) =2 l
£ 1 <>J“ e %#+ l# 5he—1e = 1 = * l+ OEre—Ote e %$+
s [l T = Hl
8 c T b t W Z 8

- Ty - T SR Wz

K i 095 M t -
0.8 B | | | B . | | |

including preliminary results of hadronic Z decays in HZ cross-section measurement

= — = = = _ — — —

& modeI mdependent 1% - level determination of most coupllngs In fuII program 'f

|

'La 1% to few %o with model- dependence

L _ _ —— I

‘n Physrcs at CLIC

CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 15 /7S



cross section [pb]

o
o

o
o

0.4

0.2

— tt threshold - 1S mass 174.0 GeV

I top mass + 200 MeV

— TOPPIK NNLO + CLIC350 LS + ISR
I simulated data: 10 fb™/point

345 350 355
\'s [GeV]

Physics at CLIC
CLIC Workshop, CERN, February 2014

* Precise and theoretically clean measurement
of the top quark mass in a threshold scan

o Statistical uncertainty on m:: 30 MeV for
100 fb-

e Experimental systematics on a similar
level, including ~ 6 MeV from the
measurement of the luminosity spectrum

Frank Simon (fsimon@mpp.mpg.de) 16 / ~



Top & Electroweak PreC|S|on PhyS|cs

e} - b : :

8 08 |- i threshold - 1§ mass 174.0 GeV - * Precise and theoretically clean measurement
S | — TOPPIKNNLO + CLIC350 LS + ISR 1 of the top quark mass in a threshold scan

S I simulated data: 10 fb™/point | " _

D 1.6 | - top mass = 200 MeV ~ * Statistical uncertainty on m:: 30 MeV for

% 100 fb™

o

o

e Experimental systematics on a similar
level, including ~ 6 MeV from the
measurement of the luminosity spectrum

O
N

0.2

Tota umcertanty - 100 MV |

oLl |
345 350 355 |nclud|ng theory uncmtle ,\

\'s [GeV]

 Many other opportunities - one example: Measurement of W boson
properties:

C'J &1
e Large single W cross section at high energy: __—
=> 20 million Ws at 1.4 TeV, 45 million at 3 TeV /Y___ _v
> Good prospects for a precise mass measurement by direct WQ

reconstructlon detalled studles to be done

‘n Phys:cs at CLIC

CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 16 / >



Beyond the Standard Model

 Two complementary approaches:
e Direct measurement of new particles

* |ndirect evidence for new physics in precision observables

Potential for direct measurements studied with concrete SUSY models as examples:

“Model lll” from CLIC CDR » Three models with somewhat different mass

% 10° i H+X scales to explore the physics potential of the
% 10 \ 1.4 TeV and 3 TeV stages:
7 e lightest neutralino ~ 350 GeV
§ 10 ——— e heavier neutralinos / charginos ~ 480 - 650 GeV
S 1 / / = e Charged sleptons ~ 550 GeV - 1.1 TeV
10  Light-flavored squarks ~ 1.1 TeV
T M - W L e ...
0 1000 2000 3000
s [GeV]

Physics at CLIC
CLIC Workshop, CERN, February 2014

v A\ |
o |
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Beyond the Standard Model

 Two complementary approaches:
e Direct measurement of new particles

* |ndirect evidence for new physics in precision observables

Potential for direct measurements studied with concrete SUSY models as examples:

“Model lll” from CLIC CDR » Three models with somewhat different mass

% 10° i H+X scales to explore the physics potential of the
% 10 \ 1.4 TeV and 3 TeV stages:
7 e lightest neutralino ~ 350 GeV
§ 10 ——— e heavier neutralinos / charginos ~ 480 - 650 GeV
S 1 / / = e Charged sleptons ~ 550 GeV - 1.1 TeV

10  Light-flavored squarks ~ 1.1 TeV

T M - W L e ...

0 1000 2000 3000 - e - S

/s [GeV] ‘, Studies in general serve as an illustration of capabilities |
i“[ iIndependent of a concrete New Physics model

Physics at CLIC . . e
CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 17 @S



Extended nggs Sectors

e Heavy Higgs bosons - for example H°, A° and H* in SUSY - can be reconstructed
with high precision

% | | I | | ‘%
o 120 o150
«» 100 ”
2 2
£ 80 =100
W sok LLJ
40 50
20 | .
O - A u . =-! o . O - R 1w i e g
600 800 1000 1200 1400 600 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?) Di-Jet Invariant Mass (GeV/c?)
(a)ete” — bbbb (b) ete™ — tbbt

 For TeV-scale bosons the mass can be measured at the 3 GeV level, a direct
measurement of the width is expected with 20% - 30% accuracy

” ‘_h . Phyéiés at CLIC

CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 18



TeV Scale Sleptons

m I I~I I~ I L I 'L 'IV I I 7] . 7)) .
Q P B M- WK |1 < A“classic” lepton collider measurement:
L - — it - i " = ] ] ]
E S0 Fits+B(Data) BMC), Entres: 2635 electroweak particles with high mass
40F [l L1 - ¢ MR
_ : e Me
20 - Msmuon = 1.01 TeV
10 - E Mneutralino = 340 GeV

ol pr—rrt A L L With 2 ab' at 3 TeV:

0 ‘ 5}°/ 1000 120[%65]000 AMsmuon = 5.5 GeV (stat)
masses from end-points AMpeutralino = 6.4 GeV (stat)
of muon energy distribution

e |deal “box shape” is distorted by luminosity spectrum (and momentum resolution)

» Requires knowledge of luminosity spectrum - can be precisely measured by
reconstruction of Bhabha events. Resulting systematic uncertainty from spectrum
parameter reconstruction ~ 40 MeV, model biases < ~ 300 MeV

|
)

Physics at CLIC

CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 19



1™ 50 HC2) w

' ya 4 X

N e b 24 é !

17% <~ 2 <7; 7

] e’ e ‘P

14130 7)) W

i

1 50 mass-degenerate charginos / neutralinos,

: Mgaugino ~ 650 GeV (3 TeV benchmark)

r - 10, A perfect test for jet energy reconstruction:
gol il Lt SN 0 Multi-jet final states of pairs of bosons and
40 60 80 100 120 140 160 Mmissing ener
M, [GeV J Enersy

Mass measurement via template fit to reconstructed boson energy distribution
(comparable in technique to slepton measurements, adapted to poorer energy
resolution in hadronic final states)

‘ﬂ - Physics at CLIC

- e
CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 20



TeV-Scale Squarks

final state with missing energy

>014F T T T T
() : With Background, No Cuts A
(50_12 [ & = SISCone —= anti-kt -
o - L -o-ee_kt kt ]
- — Referen .
9 01 :_ ¢¢¢ ererence _:
©0.08 A 4 Stress-test jet finding in an environment with hadronic
O L ] . .
So0.06F v 1 background: k: algorithm (as used at LHC) provides
cV-VOL - :
Wl ’ ) 1 substantially better performance than standard e*e
oV- B OO " . . .
80 ool algorithms - now used as default for all linear collider
'c—;s o . "o, j (ncluding ILC) studies  _ | | |
e I RS SO i — SR B e e R 120F ° C
S 0 1000 2000 3000 4000 A e Measuromont (86 subtr) ]
< Ejetr+Ejere \ Eyis [GEV] o 100F Template m, = 1118.8 GeV.]
(Q\|
Mass measurement based on reconstructed energy 3 E
of two final-state jets - needs neutralino mass as input E B
Mo = \/2(E1E2 + p1 - P2) (no dependence on s) ]
i,,,* - - == S == == . L L L ] ] |*I'+..-|-+1 1 ] ]
 For ms ~ 1.1 TeV: Am ~ 6 GeV 500 1000 I\/I15[(8§eV'
(- = = - - — C |
gﬁfgi\j\fo?l:sﬁggc,CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 21 / »



Indirect Sensitivity

———

 Model-dependent search for New Physics by deviations in precision observables

Higgs Compositeness
further sensitivity boost:

1R

e pe e
0.5 1\1 7 H w' _H
S H W~
0.2 C- \)( f/\l)e

3
(]
=
© 0.1
© . .
Q 1 70 TeV reach for compositeness scale with 2 ab!' @ 3 TeV
o 00 | . . . .
§f CLIC Doublecl)"'ssg. using single and double Higgs production
% 0.0 EWPT =
ko
C ]
O ]
2 0.00 ]
CIEJ i
T 0.002 | \CL'C Sootly
4 6 8 10

m,in TeV

— = ___ _ . ,., - ' S . i — e == == = = - = — ) h ) - N \'
Physics at CLIC . .
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Indirect Sensitivity

Model-dependent search for New Physics by deviations in precision observables

Higgs Compositeness
further sensitivity boost:

1 F

Ve / e* y
0.5 1 1“\ _ 7/ H w' _H

: N \H w-
o2 < e & — %

O
©
£
g 0.1
o | 70 TeV reach for compositeness scale with 2 ab™ @ 3 TeV
T§§ CLIC Doubleé"is.sgj using single and double Higgs production
o 00 - AL ' = 80
) o © " A 1s=3000 9,=065g =0.65 A s=1400 g,=0.65 g’ =0.65 -
S = - e Is=30009g’ =0g’ =0.65 o Vs=1400¢' =0 ¢’ =0.65 -
Q 0.004 E - = 15=30009’ =0.65¢" =0 o 1s=1400 ¢’ =0.65¢g" =0 -
GE) i 60 — « (s=3000 g\,=065¢g =065 x {s=1400 g,=0.65g’ =0.65 —
5 0,00 CLIC Reach 5 | ]
. . . . Q g i
4 [ s\ 8 10 2 40
m,in TeV -g ] i
L0 - —s
g . y N - .
Sensitivity to high-mass Z’: = L — —s |
— —
Cross section and forward-backward asymmetry L = : =
in ete” -> Pty with polarized electrons N T R S
gt s ' -1 200 400 600 800 1000
Sensitivity up to 50 TeV with 1 ab' @ 3 TeV Integrated luminosity [fb]

e gt — = ———— —— —————— —
) - - |

Physics at CLIC _ _
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BSM Sensitivity - Summary

 CLIC combines a large mass reach for new particles with the capabilities for precision
measurements:
e Mass reach close to \/s/2 for strongly and electroweakly interacting particles
(for example squarks, sleptons)
 Mass measurements on the % level or better for most particles in accessible
SUSY scenarios

* |Indirect sensitivity to a large variety of new physics at high scales beyond direct
reach:

 Higgs compositeness scale ~ 70 TeV
e /'’ (SM couplings) ~ 20 - 50 TeV
e 2 extra dimensions Mp ~ 20-30 TeV

)

ﬂl

‘ﬂ Physics at CLIC . .
CLIC Workshop, CERN, February 2014 Frank Simon (fsimon@mpp.mpg.de) 23



Summary and Outloo

e The CLIC physics program
e Extends and complements the LHC program

* Precision measurements & model-independence beyond the capability of
hadron colliders

 Complementary sensitivity to New Physics - reach to high mass scales
 Maximized physics potential by a staged construction:

 ~ 350 GeV: Higgs (model-independent couplings) & Top

« ~ 1.5 TeV: BSM, Higgs - rare decays, top Yukawa, (self-coupling)

« ~ 3 TeV: BSM, Higgs - rare decays, self-coupling

* The physics potential and the experimental capabilities have been demonstrated with
full simulations including machine-induced and physics backgrounds
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LIC is an exciting and realistic option for a future collider at the energy frontier! |
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Backup
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CLIC SUSY Benchmark Performance

Table 9: 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) [24, 25, 26,

9 b b ]'

Vs Process Decay mode SUSY Measured Generator Stat.
(TeV) model quantity value (GeV) uncertainty
R —0~0 ? mass 1010.8 0.6%
Hrip — 1 W T 70 mass 340.3 1.9%
7/ mass 1010.8 0.3%
3.0 Sleptons eter —7V70 I
P CRER €T L X 7 mass 340.3 1.0%
o ~0~0 4+ —xx b ¢ mass 1097.2 0.4%
VeVe 7 X1X1€ e WIW 7+ mass 6432 0.6%
;o  Chargino XA = AW TW ™ I %; mass 643.2 1.1%
' Neutralino  %ax9 — h/Z°h/Z0%%" %5 mass 643.1 1.5%
3.0  Squarks Ardr — GG} | Qp mass 1123.7 0.52%
. H°AY — bbbb H°/A% mass  902.4/902.6 0.3%
30 HeavyHiges oy | pe ! H* mass 906.3 0.3%
e ¢ mass 560.8 0.1%
ARy — W %) mass 357.8 0.1%
? mass 558.1 0.1%
1.4 Sleptons eter +te—70% 111
P °RER T €€ X1k 7 mass 357.1 0.1%
o ~0~0 4 —xxrbgr— ¢ mass 644.3 2.5%
VeVe 7 Xixpere WIW % mass 487.6 2.7%
14 Stau T =ttt 11| T, mass 517 2.0%
14 Chargino XA = A IWEW . %] mass 487 0.2%
' Neutralino 9% — h/Z°h/Z° %%} %y mass 487 0.1%
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Mass Reconstructlon Above Threshold

- — A ] < 600 F N
>1000 ¢ i fully-hadronic 2 i f semi-leptonic |
Q) i t simulated data i Q) i } simulated data |
800 - —fit with final pdf ~ _| N — fit with final pdf
~ i B non tt background ]| ~ B non tt background
@ i i @ 400 [~ —
= 600 — — 2 : _
“— = - —
- i il - : _
) i - o i _
400 — —
i i 200 — —
: ] — .E'!

JF

= % § Hﬁ'i 'ﬁ;'ﬂ"1[}ﬁ1['{;ijr¥r'1]rijrﬁ' Ht%'i}f jfﬂﬂm_} H 'ffm = % ﬁ jr'"ii"lllff %Hﬂrjf{ﬂ i ﬁﬂﬁ{ﬂﬂ """ 77:}3%51_['%%%'::%:
58 o h PR T e 58 - _—.-l---I---------']'- ...... Tt Jr.#:::'.'.Jr'.'Jf'.“.".".“.".".:ﬁ;{:{f
100 150 200 250 100 150 200 250
top mass [GeV] top mass [GeV]
* Width less constrained than channel Mo A’"top Fmp A Fmp

mass: substantial detector

fully-hadronic | 174.049 | 0.099 | 1.47 | 0.27
semi-leptonic 174.293 | 0.137 | 1.70 | 0.40
combined 174.133 | 0.080 | 1.55 | 0.22

effects (peak width ~ 5 GeV
compared to 1.4 GeV top
width)

|
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Top as a Tool at High

S —————

Energy

* The unique feature of CLIC: Collisions up to 3 TeV

» Excellent sensitivity to New Physics: Effects in indirect searches often scale as
E2/\° => Benefit of high energy!

* Well-demonstrated physics potential for ILC at 500 GeV: Measurement of ttbar
asymmetries (forward-backward, left-right)

* Higher energy improves unique assignment of final-state particles to top, anti-top:
Even higher purity in top charge 1D

500 GeV o ‘91
- <y | D
\ﬂ{ N L{ )
By
I
-7 w, \ L
\J ”
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3 TeV

—z
o
T
'W;ﬁf Requires reconstruction of
Po: top quarks as highly
e boosted objects:
C Techniques well
1 established at LHC,

Potential benefits from PFA
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