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Participants

Participants

@ 227 in total
@ 90 from CERN

@ Mostly on the machine side. Around 30-50 people at the
physic/detector parallels

@ Many non-CLIC machine delegates
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Machine

@ As before: staged (380 GeV - 1.5 TeV - 3 TeV)

@ Klystron based 380 GeV stage still open, and will be looked into
on equal footing

@ Exploiting synergies with other X-band users.
@ Study industrialisation.

@ Material from Burrows, Stapnes, Catalan-Lasheras in Wednesday
plenary,
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Machine

Machine

Upgrade strategy

drive beam ——
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Machine

Machine: 380 GeV stage, Klystron version
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Table 12: The parameters for the structure designs that are detailed in the text.

\_ 2.5 m (10 accelerating structures)

Costings relative
to drive-beam version
differences ~ 5%

ael Berggren (DES

Parameter Symbol Unit DB K DB244 K244
Frequency f  GHz 12 12 12 12
Acceleration gradient G MV/m 725 75 72 79
RF phase advance per cell A E 120 120 120
Number of cells N, 36 28 26
First iris radius / RF wavelength ay /A 0.1525  0.145 0.15
Last iris radius / RF wavelength ay/A 0.0875  0.09  0.104 0.1044
First iris thickness / cell length dy /L 0297 025 0.303 0.28
Last iris thickness / cell length dy /L, 0.11  0.134 0.17
Number of particles per bunch N 10° 398 387

Number of bunches per train ny 454 485

Pulse length TRE ns 321

Peak input power into the structure Pn MW 509 m 3
Cost difference (w. drive beam) AC, pg MCHF -50 0 20)
Cost difference (w. klystrons) AC, ¢, MCHF  (120) 50 (330) 240

g
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Machine

Machine: Power
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Machine: Challenges

» High-current drive beam bunched at 12 GHz “
« Power transfer + main-beam acceleration “

* 100 MV/m gradient in main-beam cavities “

- Industrialisation of 12 GHz RF/structure technologies
- Application to medium- and large-scale systems

27
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Machine

Looking for industrial partners for new technologies

COPPER ULTRA-PRECISION MACHINING |

= Diamond-tool ultraprecision machining

= Turning and milling
= Very strict qualification based on visual inspection and CMM metrology

= VDL (NL), LT-Ultra (DE),Yvon Boyer (FR), DMP (ES), Morikawa (JP), KERN (DE)
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Machine

Looking for industrial partners for new technologies

JOINING. COPPER DIFFUSION BONDING AND BRAZING

= Diffusion bonding and brazing with a protective H2 atmosphere.
= High vacuum <10 mbar;>15% H2; > 1000 °C
= Qualification of the oven involving pollution tests and an observation with scanning electron microscope
= Bodycote (FR), Reuter (DE),TMD (UK), MHI (JP)
= Potential extension to vacuum brazing following structure manufacture from PSI

= Electron-beam-welding of hard copper under investigation
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Machine

Looking for industrial partners for new technologies

ETREATMENT

Pumping group

Baking oven (outside)

Copper coating on stainless steel.
Need to respect dimensioning
Technology transfer from CERN if needed

Thermocompact (FR), BACMI (FR), Multivalent
(NL, ongoing)

Vacuum baking at 108 for |-2 days
Big furnace

Bodycote (FR), COMEB (IT), MHI (JP)
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Synergies with other X-band facilities?

G [eoritend B Operations RomeciorR T LEARDmd
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components (see overview on the left)
In the CLIC preparation phase:

Take advantage of the widespread use of electron linacs, and rapidly increasing use
of X-band - increase collaboration
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A CLIC-0 for physics at CERN?

ALICE

Beyond LDMX type of beam:

Accelerator implementation at
CERN of LDMX type of beam

X-band based 60m LINAC to
3 GeVinTT4-5.

.

Fill the SPS in 2s (bunches
5ns apart) via TT60
Accelerate to ~10 GeV in
the SPS

Slow extraction to
experiment in 10s as part
of the SPS super-cycle
Experiment(s) considered
in UA2 area or — better -
bring beam back on Meyrin
site using TT10

Other physics experiments can be considered (for example heavy photon searches)

Several other possible uses of linac and SPS beams for R&D
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Detectors

@ New detector model CLICdet: Si-tracker, in dimensions similar to
ILD-small

@ Full model implemented in DD4Hep.

@ Re-tuning of Pandora, SW-compensation.
@ New track-finding algorithm.

@ Tracker: still lots of options.
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CLICdet

@ 4T B-field

@ Tracker outer radius =
1.5m

@ le. ~an all Si.
ILD(small).

@ See:
CLICdp-Note-2017-001

12.8 m

A\ A More det
detectt
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Reconstruction: Tracking w/ conformal mapping

« Conformal mapping applies a geometry transform that maps circles in the xy
plane passing through the origin into straight lines in the u.v plane
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« Cellular automaton used to perform straight line search

(E. Leogrande)
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Conformal mapping efficiency

« vertex R <50 mm
« 10<6 <170 deg

« purity >75%

Tracking efficiency

(E. Leogrande)

Mikael Berggren (DESY)

10
P, [GeV]
« With and without background: > 98% for pr> 1 GeV
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Conformal mapping: but - displaced vertices ...

outer
vertex tracker « pT>1GeV/c
15 ; P — — « 10<6<170deg
] R © ouity > 75%

« Efficiency independent on background

Tracking efficiency
©
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Reconstruction: Calorimeters

Pileup removal w/ timing cuts

At 3 TeV expect 3.2 hadronic event per bunch crossing
Check events of Z->uds quarks, dijet events without genuine missing energy

CLICdp work in progress CLICdp work in progress
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Reconstruction: Calorimeters

Pileup removal w/ timing cuts

At 3 TeV expect 3.2 hadronic event per bunch crossing
Check change in missing transverse momentum

CLICdp work in progress
F T T

Z— uds, 3000 GeV

— all PFOs, no Overlay
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Reconstruction: Calorimeters

Pileup removal w/ timing cuts

Study timing cuts in 3 TeV WW->qqqq events, boosted topology > cluster event in

two jets

(M. Weber)

o
o
©

normalised entries
o o
o o
EN (o]

0.02

Mikael Berggren (DESY)

s > 2800 GeV, Icos(8)! < 0.95, ee->qqqq 3 TeV
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Physics

@ 14 talks (7 Theory/ 7 exp)
@ One higgs session, one top. No BSM experimental talks.
@ Not much new.

@ Plan for European strategy input:

e Higgs paper: Eur. Phys. J. C77 (2017) no.7, 475
o Top paper: In final drafting, plan to submit by summer (JHEP)
o Extended BSM study this year.
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Higgs

e ttH: Ag/g=38.9% @ 1.4 TeV w/ CLIC-ILD

@ CP-violation in ttH (from cross-section) : Asin¢ ~ 0.1
@ H->yy: oxBR ~ 10 %

@ The top-portal for composite H (theory).
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Higgs self-coupling

CEPC and FCC-ee
can reach ~40% precision

Combined global fit

at ILC or CLIC

can reach ~20% precision
and select "“‘correct” minimum

Mikael Berggren

DESY)

bounds on 6k, from EFT global fit
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1~ 68%,95%CL bounds, lepton collider only
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Higgs self-coupling

The two channels provide complementary information

+ ZHH gives stronger constraints on dA3 > 0

+ VUHH gives stronger constraints on dA3 < 0

e'e” > Zhh e*e” » vvhh
4 : 4 ; . :
LeTTey ple c)=(080.2 0170 g e CLIC 1.4 TeV, unpolarized, 0.15 fb

3 ("L ° 1 ?IEM:‘rpDJ‘T‘Zbe ﬁf‘ﬁ)'h ] 3l —-—- CLIC 3 TeV, unpolarized, 0.59 fb
3
g2
S

1 >

0 0

-2 -1 0 1 2 -1.0 -05 0.0 0.5 1.0 1.5 2.0

Sk, 0Ky

» dependence on A3 stronger at lower COM energy, maybe worth
collecting more luminosity at CLIC .4 TeV
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Higgs self-coupling

’ @h ' @,,

Higgs self-interaction can be also probed
indirectly through single-Higgs processes | ;%@,,zg }@f
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Good sensitivity at low energy
in HZ (and vvH) channels

» eg. exclusive analysis at TLEP 240 GeV:
[0As] < 28%
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Top

@ From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.

@ Particularly important for CLIC @ 380 GeV !
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Top

@ From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.

@ Particularly important for CLIC @ 380 GeV !

@ Study of modification of beam-spectrum at tt threshold (F. Simon):

o CLIC does considerably worse than ILC (and FCCee/Spec) on this
due to more beam-strahlung.
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Top

@ From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.

@ Particularly important for CLIC @ 380 GeV !
@ Study of modification of beam-spectrum at tt threshold (F. Simon):
o CLIC does considerably worse than ILC (and FCCee/Spec) on this
due to more beam-strahlung.
o Idea: Half the bunch-charge to reduce beam-strahlung during
threshold scan.
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Top

@ From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.

@ Particularly important for CLIC @ 380 GeV !
@ Study of modification of beam-spectrum at tt threshold (F. Simon):
o CLIC does considerably worse than ILC (and FCCee/Spec) on this
due to more beam-strahlung.
o Idea: Half the bunch-charge to reduce beam-strahlung during

threshold scan.
e Works...
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Top

@ From Whizard (J. Reuter): matching between threshold and
continuum regions now achieved.

@ Particularly important for CLIC @ 380 GeV !

@ Study of modification of beam-spectrum at tt threshold (F. Simon):
o CLIC does considerably worse than ILC (and FCCee/Spec) on this

due to more beam-strahlung.

Idea: Half the bunch-charge to reduce beam-strahlung during

threshold scan.

Works...

... but not better than what a doubling of the integrated lumi would

do
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Interesting CLIC and ILC statements

@ Fabiola, in her 'state of the union’ speech a week ago did, for the
first time, mention ILC.

@ She also request a 'project plan’ for CLIC for the period 2020-2025
(which Steinar gave a talk about in the plenary session.)
@ Steinar (cut 'n’ paste from his slides):
o ILC moves ahead
@ Two e+e- machines for SM/Higgs precision physics not reasonable
@ High gradient (in a wide sense) R&D will still be a priority
@ According to my notes, Eckard agreed with this statement, but
also points out that ILC-250 is not the ILC that the previous
strategy gave strong support.

@ He also remarked that LHC not finding anything strengthens the
hope that a lepton machine is where discovery will happen.
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