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CLIC two- beam acceleratio

Compact _ _
LInear . T Drive beam

Collider
Main LINAC

A drive beam and a main linear accelerator
 Gradient: ~100 MV/m. Aim: reach multi-TeV e+e- collisions

« Studied since the 90’s at CERN (and SLAC) with
collaborating institutes -- about 20 institutes at present




CLIC: The Machine
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Studies on CLIC Physics Potentia.

First report e e Second report
CERN-2004-005 1300 authors
hep-ph/0412251

PHYSICS AT THE CLIC MULTI-TeV
LINEAR COLLIDER

CLIC CoNCEPTUAL DESIGN REPORT

VoL. 2:
PHYSICS AND DETECTORS AT CLIC

2SN F S LS £

Many of the
results are still
used, eg for
the 2012 ESG | £55  |Gc——— oo
reports =

CDR REVIEW VERSION

*There was always a good collaboration
between ILC and CLIC machine groups

*Since 2008 there is close collaboration
between the ILC and CLIC on detectors
and physics groups

*ESG common document submitted

I personally was directly involved
from 2000-2008




CLIC Parameters and Issu

CLIC 3 TeV e+e- collider with a luminosity ~ 1035cm=2s1 (1 ab1/year)

Eem [ TeV] 051 3 1 3 To reach this high luminosity: CLIC
£ | [10*em%Y | 21 |10.0| 80 . : :
Coss | 10%%em%Y | L5 | 30 | 3l has to operate in a regime of high

7, Hz] 200 | 100 | 100 beamstrahlung
Ny 154 | 154 | 154
Ay [ns] 0.67 | 0.67 | 0.67
N [1019] 04 | 04 | 04
Tz [,LFIII] 35 30 35
€z [pem] 2 | 0.68 | 0.68
&y (o] 0.01 | 0.02| 0.01 Expect large backgrounds
at [nm] 202 | 43 | =60 # of photons/beam particle
I [nm] 12| 1 | =07 e e+e- pair production
) [%5] 44 | 31 1:_!15 & o v v events
07 | 23| L
;‘1 O el R / e Muon backgrounds
NHa.dr 0.07 4.05 2.3 ¢ NeUtrons
Nagr 0.003 | 3.40 | LS5 e Synchrotron radiation

Expect distorted lumi spectrum



Luminosity Spectru

RECONSTRUCTED /s’ SPECTRUM FROM
BHABHA ANGLES

Spectra for CLIC studies (sharper < high lumi)

_ CLIC.O1 o CLIC.02

Niete' =e"e’)

w3
e vy P T BT
1200 1400 1200 1400

CLIC.01: £ =1.05x 10* CLIC.02: £ =0.40 x 10° Preliminary Results: expect accuracy % ~ 10~* for
100 fb~*

Energy loss due to beam-beam interactions

Luminosity within 1% & 5% of c.m. energy

Energy (TeV) | 05 | 1 3 5
Lin1% /s [ 71% |56 % | 30% | 25% Luminosity spectrum not as
Lin5% /s |87% |71 % [ 42% | 34% sharply peaked as e.g. at LEP




Physics Menu at CLI

Higgs sector: properties of the 125 GeV particle, Higgs potential,
searches for heavy Higgs particles.

« Supersymmetry: if exists, should be discovered at the LHC. Role
of CLIC: completing the particle spectra with precision
measurements (masses < Vs/2)

« Particle Factory: if new particles have been detected/anticipated
at the LHC (or lower energy LC) in the range of 1-3 TeV (New
Gauge bosons, Kaluza-Klein resonances, resonances in WW
scattering...): CLIC can produce them directly, provide an
accurate determination of their couplings and establish their
nature. Also exotic decays can be detected.

« If NO new particles are observed directly, probe scales up to the
O(100-400) TeV indirectly via precision measurements

« QCD measurements: BFKL, photon structure, a,...
* The unexpected???

e
([ ]

e+e- at Vs ~ 3 TeV: Expect to break new grounds
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CLIC 2012: Stagec

First phase: up to 500 GeV 1 drive beam
Second Phase: up to 1400/1500 GeV

819 5

circumferences 17.4 MW 60
delay loop 73 m I - I I el
CR1293m drive beam accelerator

CR2439m

BCc2

ITA r=3015 m

i
-

CR  combiner ring
TA  turnaround
DR damping rning
PR predamp i

i HEm HEm .-'
e~ main linac, 12 GHz, 80 MVW/m, 4.4 km e main linac TA radius = 3015 m)

P
==

BNS bheam delivery system
IP  interaction point
B dump




CLIC 2012: Staged

Third phase: upto 3 TeV 2 drive beams
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CLIC @ CERN?

d

4 Legend

£
== GERN existing LHC
Foteniial underground siting :

sk CLIC 500 Gov
CLIC 1.5 TeV¥
vt CLIC 3 TeV

Jura Mountains

i

4 GO0l

It is possible can build CLIC at CERN, but CLIC is a site independent study




CLIC 2012 Param

Table 1: Parameters for the CLIC energy stages of scenario A.

Parameter Symbol Unit Stage 1  Stage 2

Centre-of-mass energy NG 500 1400
Repetition frequency frep 50 50
Number of bunches per train 354 312
Bunch separation 0.5 0.5

Accelerating gradient 80 80/100

Total luminosity TS 3.2
Luminosity above 99% of /s _ 1.4 1.3

Main tunnel length 13.2

Charge per bunch 6.8 A7
Bunch length 72 44
IP beam size 200/2.6
Normalised emittance (end of linac) 2350120
Normalised emittance (IP) 2400/25 —
Estimated power consumption ! 272 364

*Challenging: collisions every 0.5 nano-seconds; trains of 312 bunch-X
*Read out all 312 bunch crossings without trigger




Running Sce

Assume 3 phases: Integrated luminosity per phase
Two scenarios: A= low energy optimized - B= cost effective for TeV CLIC

Firsi srage Tuminesiny oprimised (scenario A) — I:ﬂl“' Im:ml'_'rlmslr "rf{:‘ﬂf"l”f’ ‘F J: .
% - [nfegraled luminosfy| e I Infegrated luminosity| -
= 30000 — Total | >, 8000 _ GTDIEII i
% [ —_ 1% peak i ‘D i E— 1% peak
2 [ 0.5TeV 1.4 TeV 3TeV _E - 05TeV | 15Tev | 3TeV
£ 2000 = 2000 -
> [ = .
% 1000 | @ 1000
0 5 10 15 20 0 5 10 15 20
Year Year

When would be year “zero™?
Construction time ~ 7 years. Start of construction earliest by 2023




Detectors for

Extended versions of the ILD can SiD detectors of the ILC
eInteraction lengths for the hadronic calorimeter extended to 8.5 A
use of tungsten in the barrel.

resolution for
jets at 1 TeV

Tracking:
Opy/P7 ~ 2 % 1077GeV ™!

3-5% energy

Magnetic fields are 4 & 5 Tesla for these detectors
These detectors are used for the 2012 physics studies




CLIC Dete

Effect of using timing in the detectors
10 ns for silicon/1 ns for calorimeter

Full bunch train Time selected information

~ 20 TeV in the detector ~ 100 GeV in the detector



2. Higgs Physics

Study properties of the
Higgs particles with high
precision

Reconstruct the Higgs
potential

z=—2c(::x+y*y}+(nx+}-¢y}n2




Higgs Produc

Vs=3000 GeV |

vs= 000 GeV

Vo= 550 Ge\/__

I T T T T I_

300

400

500

600 700
M (GeV)

Cross section at 3 TeV:

e L arge cross section
at low masses
e Large CLIC luminosity
—Large events statistics
e Keep large statistics also
for highest Higgs masses

Higgs @ 125 GeV
>400 000 Higgs particles/ab!




Higgs Boson

At high energy VBF dominant

M= 125 GeV

2

s(e*e — HX) [fb]
. 3

A
|

N

0 1000 2000 3000
/s [GeV]



Higgs Studies Projectio

350/500 GeV @ 500 fb! and 1.4 (3.0) TeV at 1.5 (2) ab™

Higgs studies for my =120 GeV

Vs Decay Measured .. Generator Stat.
(GeV) Process mode quantity Unit value error Comment
c fb 4.9 49%  Model
+ J—
ZH = "X Mass GeV 120 0.131  independent,
using Z-recoil
SM Higgs o x BR fb 34.4 1.6%  ZH — q4qq
production AR —r 0] Mass GeV 120 0.100  mass
reconstruction
ZH Hvv ox BR b 80.7 1.0% Inclusive
— Vvqq Mass GeV 120 0.100  sample
H—ttt™ 19.8 <3.7%
ww H — bb ox BR fb 285 0.22%
fusion H—cc 13 3.2%
H—utu~ 012 15.7%
Higgs
ww tri-linear ~20%
fusion coupling ~20%

SHHH




Rare Higgs D

120 GeV H-> pp 150 GeV H-> bb
60 events for 3 TeV 2 ab! for 3 TeV 2 ab-!

_— r T Tt
‘; T "'i,;;'}‘;u'.": %1400-0:. || — bb signal
® Weww G 12000 _-|_| SM background
o Wupee < -
T} EIOOW— =]
o 40 E 0 -
:"' 30 . -'ﬂ:-:: EUUﬂ_— =
N ] B ]
€ o ] o 6000 E
LI:j = 4000:— —:
10 2000 F .
0 0 e T :
105 110 115 120 125 130 135 0 50 100 150 200

Di-muon invariant mass (GeV) bb invariant mass (GeV)

(a)eTe” — HVW,H —pTp~ (byete™ — Hvv,H — bb




Rare Higgs Decays:

H — ™ Branching Ratio ~ 1074

2004 study
E _ ij_ H_}jiv+,'_1._ Em_
Eat H = 6 27 Vs = 3 TeV 2
va=3TeV oy B

PO YN T T [T T T T [ T T T N O T T S [ S T TN l-_.‘I....I....I....I....I....I....I....I....I....I.... ) TR TE AN NNl EE RN E AR I AT F RN EE Rl NN AR
120 120 Ho =0 ] 1 1 120 135 40 s s 15 Bd S 120 &5 10 125 40 WS 13 155 el KBS
p Ma=s [(Gal) pn M=z [Gay) i M=z [Gay)

Result for /s = 3.0 TeV with f £ =5 ab™*

Mg | 120 GeV | 140 GeV | 150 GeV
0BR/BR| 0.072 | 0.121 | 0210
= Precision on 9y, : 3.5% — 10%




Projected Relativ

my = 120 GeV

I'fi
guww YHZZ GHbh YHee YHr+ HHt 6%

A% 3% 3%
1% 1% 2% o

_+_+_+_._._._,_ 500 GeV 500 fb-!

Stat. Acc.(%)
0.22

3 TeV 2 ab’!




Reconstruct the Higgs

Reconstruct shape of the Higgs potential to complete the study of the Higgs
profile and to obtain a direct proof of the EW symmetry breaking mechanism

— Measure the triple (quartic) couplings

_m¥ 9 mi 173 my 174

c(ete” — HHvy) (ib)

120 140 160 180 200 220 240 260 230

M, (GeV)




G (fb)

AMA/A/5ab’

Results: et+e- >HHv
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Precision on A,y for
5 ab1 for Higgs masses
in the range

e my = 120 GeV
e My = 140 GeV
e M, = 180 GeV
e My, = 240 GeV

ocumyy Only | |cos8*| Fit

120
180

+ 0.094 (stat)|£ 0.070 (stat)
+ 0.140 (stat) |£ 0.080 (stat)

Can improve by factor 1.7 if both
beams are polarized




Triple Higgs Co

Two Higgs events

120 GeV Higgs

100

o e Amn /ASM, = 1.25,1.0,0.75 and 0.5
::{ ’ t H 22 LAENS A
o CLIC can differentiate at the
10-20% level

(c) |cos 8*| distribution

Not all tricks used yet...




(Very) Heavy Higgs

ee-> HA and ee-> H+H- Higgs mass reconstruction
for Higgs’ around 800 GeV, decaying into di-jets

g 3 o150 F
Ba00} 8 ;
d . od [
B150( 8100/
S 51
100 | :
50

o
o

000 800 1000 1200 1400 0500 800 1000 1200 1400
Di-Jet Invariant Mass (GeV/c?) Di-Jet Invariant Mass (GeV/c?)




. Heavy Higgs in MSSM

Cross section as function of Higgs mass

ole'e” = HH) (pb)

2530 500

5

vg=35TeV

Vg=hleV

TS0 1000 1250 1500 1750 2000 2250 2500
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LHC: Plot for 5 & discovery
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— S+B after kinematical fit

---- S4B after kinematical fit
with W — qq only

3 TeV CLIC y
= H, A
detectable

up to ~ 1.2 TeV
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M,-tanf3 Covera

CLIC SUSY Higgs Mass Reach

mm— CLIC 3ab™
E;rmwmmmmcL.

LHC-7 95% C.L.
m— | HC-14

CLIC ‘/E= 3 TeV
ete” - HA

300 fb!

200 600 €0 1000 1200 1400
CP — odd Iliggs mass My [GeV]



3. Supersymmetry

CLIC 3TeV
e+e'—)né|_’éR

Completing the SUSY
spectrum




Masses of Spart

Depend on SUSY parameters, SUSY breaking mechanism...

We don't really know...

Examples: Scenarios in Constrained MSSM

(o E I’ H
3000
— g
2smE---- - - - " ---"---"--"-"--""-"--"——"--"=—"——-———=—“————— - — —~ -
2000
— - ﬁL
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fB 1 — gf'; q ta,b12
— =00 ¢ — , .
-~ - 9L, 9r "y Q
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P —— A
- 1 - -
1ooo | i 11 . X34, X3 |
—_— Ej —X3,4:X3:H A
= 4L.r ~ — X3 X3
S g _X-ga.ﬁt —_— Ty, EL, VL
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SUSY Mass Measureme

E.G. my/s = 1500 GeV, mqg = 420 GeV, tan § = 20, A =0 Momentum resolution

GeV, sign(u) > 0 (mSUGRA) (point H)
= M = 1150 GeV W 5100 GeV

Measure inclusive muon spectrum in i — "

M? / M2
= Emam/min — Eh%‘m(l - mii_p) X (1 Ty/1- Egmm) ol

o Mass measurements «

Mean - LA83E 05

200
175
150
125
100
75
50
25 -

u—M—M—M—MMDMMM&ﬂlM_j

x 10

0 BT e s L B n
100 200 300 400 500 600 70O  BOD 900 1000 ApT:‘pTZ(GeV]

Smuon, selectron and
and y, mass precision
was studied in 2004

T T e T T T —
Smuon Mass

Momentum resolution
Spy/pe? ~ 1074 Gev-1
adequate for this
measurement




Smuon Mass Precis

Point E: m, = ~1500 GeV Battaglia et al. benchmarks

Point H: m, =~1000 GeV hep-ph/0106204

Point Beam- Pol. NE [L oM
strahlung (TeV) | (ab™1) | (GeV)

H Lr, none 0/0 | 3.0-3.5 | + 11

H LL Std. 0/0 | 3.0-3.5 1 + 15

E LI none 0/0 | 3.84.2 1 + 29

E LL Std. 0/0 | 3.84.2 1 + 36

E LL none 80/60 | 3.8-4.2 | + 17

E Std. 3.8-4.2 1 + 22

Mass measurements to O(1%) possible



Example SUSY Spec

Benchmark: Used for studies at CLIC

3 = 1 3
107 {SUSY Model 3
1 — Higgs
< 10°E | — %jLé
o= 1 — charginos
c — squarks
§ 101 ~ sm
o i A
ﬂ 10° 3 i — neutralinos
n : ]
g gl
10 "¢

_2 i L L . |
10 “07"1000 2000 3000
Vs [GeV]

Warning: LHC is cleaning out these scenarios soon...



SUSY Benchmark S

Full detector simulation with 2 ab-! each point

Particle  Mass  Stat. acc. Particle = Mass Stat. acc.

70 T 670
X 3403 3.3 h 1185  +0.1* 4

0 T 974
.| O SO A 7420  £17 s

X 905.5  +19.0 . h 1393
A3 . H 420 +1.7 X {50
% 916.7  +20.0 e A i 9
Wi 643.2 13.7 : : b 1544
flf:igi 916.7 +7.0* Quantity Value Stat. acc. b, 1610
& 08 =9 MA®) 222  +38 g 1SIE
Ix 10108  £56 M) 214 e i

F] 1097.2 +5.9 i ' ,E_,"

Fitted parameters for the chargino-neutralino sector

Four-fold sign
ambiguity
Needs polarization

M, 342.1L£4.1 —-341.9414.1 341.9+4.1 —34224+1.0
M, 6553465 655.34+6.5 654.2+6.5 654.2+6.5
L 924.8+6.2 0248+6.2 —9255+6.2 -—-925.5+6.2




Supersymmet

Extrapolation of the SUSY breaking parameters to the GUT scale

x 102
gy = 4000 ¢ 3000
w8 b 3500 ;—D'I Q U B L H: 2500 f—Ds ik B o oW
TE 3000 [ -
02 2500 o
o5 b 2000 [ 1500 |
i E 1600 | 1000 F
T E 1000 £ F
E 500 [

0.05 500

R IRV IV Y IR Y BT B I 0 :.I.I.I A Y I Y B 0L

i) _I P Y Y I A A I |
12 10° 10 10" 10™10"® 12 10° 10® 10" 100" 102 10° 108 10" 100"

10 uncertainties on the mass parameters on the GUT scale for different
sfermion mass precision assumption (5%, 3% and 1%)

1200
: E| L| U'L D‘L Q]_ E!- L! ['[3 ]1! (h H.d Hl :

1100

1000




Dark Matter Co

Reconstructed relic density and predicted dark matter cross section
from the measurements of the sparticles

%005 01 o015 0z, 95 1 15

(for this benchmark point) (for this benchmark point)




Different Scen

T 1 I
s | UL = —di ’
i — =JH f_}, — 1o RO,
1200 H 2 b] r— —tg
mGMSB
1000 - mSUGRA m— El
Mass . (A H), H*
-+ = — —
GeV) i X2 X34
( e = ==
600- o -+ i}
L) 2 T2 €L U
a0 . o O CLIC Measured
! =7 ==¢r
200
I h

Fig. 1.19: Resolving SUSY breaking models and masses with CLIC: Shown are the nearly degenerate
spectra of a mSUGRA model and a mGMSB model. Assuming some of the SUSY particles masses
are measured, with a spectrum of the type above predicted by the different models of Supersymmetry
breaking, CLIC would be able to discern not only some of the slepton masses and the heavier charginos
within the two models, but also the SUSY Higgs masses. For mSUGRA the soft masses are mgy =
175 GeV,my jp = 645 GeV,Ag =0, with tan§ = 10 and u > 0. For mGMSB the number of messengers
are ny = ng =5, and Agygy = 4- 10* GeV, Myeis = 10'? GeV, with tan § = 10.




4. Large Extra Dimension

EXTRA-DIMENSION

Move the Planck scale closer
to the EW scale, eg. in the
TeV region (ADD)




Extra Dimension Re

’ Example: Deviations from SM due to virtual Kaluza
Klein Graviton effects

2004 Study
e /f
g
Benakli, Antoniadis, Accomando
dsDISCIOVGII‘)T rea|c|h|('|l'l R'ZZO) Scale of extra longitudinal dimensior{ TeV scale EDS|
: ADD / Collider | £ (fb™1) | Gluon [ WE T~ +2Z
sof 5TeV ] [C500 | 1000 | - | - | 15
i L C1000 1000 - - 22
= LC3000 | 1000 a _ 42
= LHC 10 15 [82] 67
= LHC 100 20 14 12

| Scales in TeV

T. Han, T. Rizzo et al. (Moriond '00/debated...)

oo =00 900 500 700 1000 2000 3000 Collider L (Fb_L) Reaction Limit
L(tb™")

LC 100 ete” — ff65s
47y Collider | 100 [~y — WW | 11{/s
HC 100 | pp—f | 60




KK Towers

Extra Dimensions Randall-Sundrum phenomenology (curves by T. Rizzo)

SM fields on brane T B R
and graviton in bulk

Curves for different values for ¢
from 0.01 till 0.30

Observe KK resonances
in e.g. et+e- ->uu
Cross sections

& (fb)

LC is like a KK

factory

Allows to measure 100
properties of KKs Vs (GeV)

(spin, BRs...) But would need to see these at the LHC first!!

Can determine parameters c up to 0.2%, M to 0(0.1%)




Universal Extra Dimens

: _ KK partners mass spectrum
All particles can go into the bulk

KK-partners for all particles!

* Resulting spectrum |00KS VeIy ——
similar to a SUSY spectrum (there j
are subtle differences) | ss0

— Did we discover SUSY or UEDs?

* Important difference: spin of the KK
same as SM partner, while it differs
by %2 from SUSY sparticles —
measure spin

* Not easy at the LHC but doable at
alLC

« Compare SUSY/UED for 500 GeV
(s)muons

e” — py iy

Q 4 600

M (GeV)

b 4 500

Production polar angle 6 of
ﬂ.UlELl\L|L||L|J||

0.010

&
=
<]
=

G.008

do/dcosd, (pb)

o
=
&
W

e ete — it




Extra Dime

Cross sections for the e+e- -> photon + MET channel

7 ADD type
2 V5 =23 TeV of EDs
— Extra Dimenslons
F 1ﬂ1 - =D 1
EH m— =
I:—'IE -m“ o=6

Discovery potential
- 14, 9, 6 TeV with 2 ab!

olee — v




5. New Gauge Theories
Contact Interactions etc.

e New Z' resonances in the TeV range

Assume My = 3.0 TeV anc e WW scattering at high energy
[(Z)/Mg ~T(2%)/Mz: e Little Higgs models

¢ e Triple Gauge couplings
” o Contact interactions
o e Excited lepton production
- e non-commutative interactions
N e Transplanckian effects

900 2950 X000 J0s0 3100

Eq, Ge) e Lepton size measurements
= FIT AccURACY (1AB™})

ALIMTE o 10— ST /T A0 2. 103
OMz/Mpz ~ 10 017 /1% ~ 3 - 10 Some of these being ruled out by the LHC




Resonance Pr«

4+/s Scan (Z"-like Lineshape Scan) ete™ — 7 — ff
4 Assume M, = 3.0 TeV and I'(Z') /M, ~ T'(Z°) /My (Csar);

+ Compute o(ete” — Z') vs. /s including ISR and beamstrahlung for a
range of mass and ['(Z) /Ty values:;

4 Assume [ L = 1000 fb~* (CLIC.01) or 400 fb~* (CLIC.02) shared in 3-7
points scan and extract M, F(Z’)/FSM and oeq; from X2 fit:

FIT ACCURACY Calibrated

Observable  Breit Wigner  CLIC.01 CLIC.02

My (GeV) 3000+ .12  +.15 + 21

[(Z)/Tsy 1. +.001  +.003 =+ .004

1493 £20 564 £1.7 669 + 2.9

2000 2950 3000 3050 3100
E (GeY)

Absolute energy calibration ~10-3, Relative energy calibration ~10




Precision Meas

T

Measure o7, A
Examples: — % — 0,012/ 1 ab~?

P

. .
' and Abb

=0.018/ 1 ab™!

Observable

Relative Stat. Accuracy
30 /O for 1 ab™?

+0.010
+0.012
+0.014
+0.018
+0.055
+0.040




Contact Intera

CIIC 3 TeV. 1 ah” e — 'y CLIC3 TeV.1ab' e'a —=bb
P-0% F =06 FF r 08,1, -0 BEE
P08 F =0 P=0.r =0 N r-oz,p -0 BB r-0>-clH
¢ g ¥
Aflg/vam) [Tev] Af(uj Vi) [TeV]
1] 2100 150 000 230 300 330 D 50 100 130 200 250 300 330
! | I T I T T T I T
Al W1
Al Al
W Vo
Al e e AA
B T e e
Vv V| B
R R R R R R AR
RL R S
R e RR
LL 1L
I NN T N TN N T NN TN N T NN T NN TN Y TN SO AN | e v vy ey ey ey syl
0 20 40 60 30 100 ] 20 40 ] a0 100
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Fig. 1.14: Limits on the scale of contact interactions (A /g) that can be set by CLIC in the p*p~ (left) and
bb (right) channels with /s =3 TeV and & = | ab~!. A degree of polarisation P— =0,0.8 (P =0,0.6)
has been assumed for the electrons (positrons). The various models are defined in Table 6.6 of [20],
except the model V1 which is defined as {nz =+, Nrr = F. Nr = 0. Nre. = 0}.



WW Scattering

In case that there is no Higgs:
WW scattering will show effects of strong dynamics in the TeV region
= Study WW—WW scattering

5
W, Wy
v

After deteg:tor

] 18184
Mean

Resonances can form in the
TeV range that can be

observed directly
These measurements are
difficult at the LHC.
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Summary Tz

Taken from ESG document but
based on Ellis, Ganotti & ADR 2001

Collider: THC14  ST.LHC T1.CRO0O CLIC3

SEHCle Dormntts A% 100" Tab™" 500fb~' 1ab™'
Squarks [TeV] 2.5 3 0.4 is
Sleptons [TeV] 0.3 - 0.4 1.5
Z" (sM coupiings) [TeV] 5 7 8 20
2 extra dims Mp [TeV] 9 12 5-8.5 20-30
TGC (95%) (1, coupiing) 0.001 0.0006 0.0004 0.0001
1t contact scale [TeV] 15 - 20 60
Higgs compos. scale [TeV] 5-7 9-12 45 60




CLIC Timescale Proje

|

: 2012-16 Development Phase | 2017-22 Preparation Phase i 2023-2030 Construction

: Develop a Project Plan for a Finalise implementation parameters, : Phase
staged implementation in : Drive Beam Facility and other system : Stage 1 construction of a

i agreement with LHC findings; verifications, site authorisation and 500 GeV CLIC, in parallel with
further technical developments : preparation for industrial i detector construction.

: W'th_'nd“Hw" performance procurement. Preparation for implementation

: studies for accelerator parts and | Prepare detailed Technical Proposals  : of further stages.

: systems, as well as for detectors. for the detector-systems.

DL delayloop
CR oombiner ring | |
TA twnaround

TRA wobesm sccslaraiion

H  dump

DRENE BZAM

OAE =¥ 107 &
B O15a'f W01 A
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2016-17 Decisions | 2022-23 Construction Start | 2030 Commissioning

On the basis of LHC data Ready for full construction | From 2030, becoming ready
and Projecl Flans (Tor and main tunnel excavation. [ur dale-laking as the LHC
CLIC and other potental ; programme reaches !
projects), take decisions completion. ,
about next project(s) at :

the Energy Fraontier.




Finally: Price |

Table 4: Value and labour estimates of CLIC 500 GeV.

Staging scenario  Value [MCHEF|] Labour [FTE years]

A 830071300 15700
B 740011100 14100

Will need very broad consensus in the field for such
a project...




Circular e+e-C




300 g What if the Higgs is 120-125 GeV?
b T Higes Mas Do we need a Linear Collider for a Higgs factory?
@-’ /\ 100 GeV
g \ ' A.Blondel and F. Zimmerman: LEP3? arXiv:1112.2518v1
: - Proposal: Reinstall an e+e- collider in the LHC tunnel
: With LC RF to make up for the energy loss of 7 GeV for
~ 1w a 120 GeV/beam

0 I L i
200 230 &L 330 400 . g g - _ 0 _ .
ik By (el Note: beam lifetime ~ 15-30 minutes. Needs top-up ring

Accelerator rin

RF power Max 100MW

Gain lumi by having 2

or 4 experiments on
the ring

Collider ring




ESG contributi

Prospective Studies for LEP3
with the CMS Detector

submitted to the European Strategy Preparatory Group

Patrizia Azzi3, Colin Bernet!, Cristina Botta®] Patrick JanotL, [
Markus Kluté?, Piergiulio Lenzil, Luca Malgeri’, and Marco Zanetti?

ICERN Geneva

~obibibn o Taclealooeer
LIDLLLLILE Wl J.'l.:\..JUIUl.U )'

3 INFN Sezione di Padova

CERN-ATS-NOTE-2012-062 TECH

LEPH A HIGH LUMINOSITY E+E- COLLIDER
TO STUDY THE HIGGS BOSON

Subemiaed ro the Enropean Smaregy Prepararory Group
A Blondel, U Gemeva, Smatzerland;
M. Borarzines, Ceneva, Swirzerlim,

E.W. Aszmamm, A. Busierworih, P Janot, . M. Jmmemez, C. Gropean, A, Milanese, b Modena, 1A
Dubonse, F. Zisnierdadn, TERN, Geneva, Swizerland,

H_ Piekarz, FMAL, U8 A ; K. Oide, K. Yokoya, KEK Japan;
Inltlal StUdies 7. Ellss, Kings College London and CERN, Geneva, Switzerlamd;
M. Kiute_ M. Fanetts, MIT, Cambridge, Massackmsests, USA;
M. Viliseo, Noathwestemn 1, U5 A
V. Telnov, Budker INP, Novosibirsk, Russia;
L. Rivkin, PSI, Villigen, Swirzerland,
Y. Cai, SLAC National Accelerator Labaratory, Stanford, U S A




LEP3 in the LHC

There are other ideas: 53 km tunnel, 80 km tunnel, SSC tunnel....?

Timeline for LEP3: 5-7 years preparation. Decision around 20187
Installation? LEP was installed in 18 months but this is more complicated
Cost? Likely much cheaper that other Higgs machine proposals...




Beam En

For LHC/LEP tunnel: 120 GeV/beam

Higgs boson production cross section Higgs bcson producticn cross section
=I5l T - - 220 : H H T T
S L £ L : :
o | == Total oress sechion = o Tolal cross sectian
g | cess seetion Ezm i £ross seclion SR R :
¢ . A ; ; g ’,,.-—--*‘——'----_..
w - i = a0 O N L HH“'—-
wof / -
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i "‘\.__\

iy :
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Centre-of-mass energy (GeV) Centre-ol-mass energy (GeW)

This is within 6% of the cross section maximum
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LEP3 Param

LEP? LHeC LEP3 DLEP TLEP

bean energy Eb [GeV] 1045 0 120 120 175
cireumfzrenee [km] 267 26.7 267 534 80
beam surrent [mA] 4 100 7.2 144 54
#mnehesheam 4 508 4 60 17
#o-/beam [10™] 23 56 40 16.0 2.0
Tooic. el fuu] 43 5 25 10 20
~vert. cmit. [nm] 025 25 0.10 0.05 0.1
bending radins [km] 31 25 26 52 o0
partviin number 1, [ | % I 5 15 11
mml:ﬂmrnammamuna,ﬂﬂ"} 185 &1 8.1 el 10
SR power/beam [MW] 11 4 50 50 50
£, [m] 15 018 0.2 02 02
By [em] 5 10 0.1 5 0.1
o, [um] T il ri FLY a4
[ (g} is 16 032 022 032
hourglass Fy, 098 0.99 0.67 0.75 0.65
E™ ftum [GeV] 341 044 699 35 93
Vir.tot [GV] 3.64 05 120 46 120
B 7 [%0] 077 0.66 42 50 49
ZJID 0025 N/A 0.09 0.05 005
&/IP 0.065 N/A 008 0.05 005
f.[kHz] 16 0.65 391 091 043
E... [MVim] 75 119 20 18 20
eff. RF length [m] 485 42 606 376 600
frr [MHz] 352 721 1300 1300 700
& [%] 022 012 023 0.16 022

e [001] 1.61 0.69 023 0.17 0.25
LIP[10%em *s7] 125 N/A 107 142 65
number of IPs 4 1 2 2 2
beam lifetime [min] 360 NiA 16 22 54
Yas[107Y 02 0.05 10 8 15
ny/eollision 0.08 0.16 0.60 025 051
AF®jeol. [MeV] 01 0.02 33 12 61
AE®® ool [MeV] 03 007 48 26 95




Number of Higgs

Total over a period of 5 years

BR (%) | Events || Background o (pb) Events | Rate (Hz)
57.9 57870 || eTe™ — Z*/ vt — qq 50 25,000,000 0.50
21.6 21,630 || ete™ — Z* /7t — - 12.5 6,250,000 0.12
8.19 8200 || ete - WTW— 16 8,000,000 0.16
6.40 6,400 || eTe” — ZZ 1.3 650,000 0.01
2.83 2820 || ete™ — Wev 1.35 700,000 0.01
2.62 2,620 || ete” — ZeTe™ 3.8 1,900,000 0.04
0.27 266 || ete” — Zuv 0.032 16,000 —
0.16 160 [ ele —ele (Bhabha) 5,000 2.510° 50
0.02 22 || 7y — f+f_;qq 15,000 75107
l Z -> I4+l- with H > anything | CMS Simulation l f;l:l- with Higgs -> visible | CMS Simulation
. 2200 p— E LEP3, 500 f5", {240 GelV' 8 o= £ LEP3, 500 ", {5=240 GeV
(RG)-USlng gmz— mﬁmmm P = %16‘!1:— E?mm i F
18005 |— oy | e
the CMS s — o 2 o |
14005 E
detector 1200 toon-
1000 800
600F- 200F-
4005 E
200 200~
% 60 70 80 90 100 110 120 130 140 150 %0 o0 70 80 90 100 110 120 130 140 150
Higgs mass (GeV) Higgs mass (GeV)




Precision Meas

Tera-Z factory! With ~5.103> cm2s! one can collect 1012 Zs
Mega-W factory! With 103> cm=2s1 one can collect a few times 10 Ws

— m I-I;tnp m:&ﬂ
—— Zpole (+top mase) | |
— mH =125 GeV :

—— Z pole (+top mass) |

~—— mH =125 GeV

(o'
z 8 =
» B R

W Mass (GeV)

80.39

£0.35
E0.34

c : 5 : : : : ED.33 : : :

:| L1 1 i Ll I - i B | i | I i I . | i | T -} i T .| i L1l i T | L1 i L Ll i Ll L1 i Ll 11 i Ll i Ll 1 [ i Ll 11 Ll i Ll 1

803%a 169 170 171 172 173 174 175 176 177 178 B0 WRa 170 171 172 173 414 76 17 177 178
Top Mass (Gel) Top Mazs (Gev)

Mass of W to O(1) MeV; EWK variables improved by factor 25-100 @ Z-pole
Precise W and Z measurements. Do the whole LEP program in 10 minutes!




Comparison of Fe

From the ESG note: slightly provocative...

ILC | LEP3(2) | LEP3 (4) | LHC
OHz 3% 2.7% 1.9% -
oz X BR(H — bb) 1% 1.2% 0.8% -
oz X BR(H— 7717) 6% 3.1% 2.2% —
ouz X BR(H — invisible) | ? 1% 0.7% —~
Uz 15% | 1.3% 1% 13%
SHbb 1.6% 1.5% 1% 21%
SHrr 3% 2.0% 1.5% 13%
Hce 4% ? ? ?
THWW 4% ? ? 11%

Take away as indicative...




CLIC: the path to multi-TeV e+e- collisions!
Will be important if the LHC sees a signal for new physics

Potential to go beyond the LHC in physics reach in a
number of channels

Precision measurements of the Higgs; information on the
the Higgs potential & rare decays, heavy Higgs’ up to a TeV

LEP3: may be a fast and not so expensive path to a Higgs
factory. Cohabitation with the LHC? Installation?

Precise measurements of a number of Higgs properties
Precise measurements at the Z and of the W mass
But limited energy & scope of the physics program




