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Previous Parameters

2l

Parameter Unit Stage 1 Stage 2  Stage 3
Centre-of-mass energy GeV 380 1500 3000
Repetition frequency Hz 50 50 50 CLIC study
Nb. of bunches per train 352 312 312 Snowmass submission
Bunch separation ns 0.5 0.5 0.5
Pulse length 1 244 244 244 —> Chapter 2, with adjustment
Accelerating gradient MV/m 72 72/100  72/100
Total luminosity 103%em 25! 2.3 3.7 5.9
Lum. above 99 % of /s 103*ecm 25! 1.3 1.4 2
Total int. lum. per year fb—! 276 444 708
Main linac tunnel length km 11.4 29.0 50.1
Nb. of particles per bunch  10° 5.2 3.7 3.7
Bunch length pm 70 44 44
IP beam size nm 149/2.0 ~60/1.5 ~40/1
Final RMS energy spread % 0.35 0.35 0.35
Crossing angle (at IP) mrad 16.5 20 20 e boarn
' = —

[ accelerator 100 MV/m
Bl accelerator 72 MV/m

unused arcs
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380 GeV remains baseline

250 GeV initial option

New Energy Stages

“More precisely (250-9)/(380-9)

* Build 380 GeV tunnel but only install about 2/3" of the

accelerating structures in each drive beam sector

1.5 TeV potential upgrade

* Could go to 2 TeV with single drive beam (parameters?)

* Upgrade path remains similar to
previous designs

I detector
mm BDS

1  accelerator 100 MV/m
B accelerator 72 MV/m

~

unused arcs
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446 klystrons
20 MW, 48 us

drive beam accelerator

circumferences I I I
delay loop 73 m
CR1293m
CR2439m

2.5km
4 delay loop

@ decelerator, 4 sectors of 878 m

A A %

\ /7~
CR combiner ring
TA  turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system
IP  interaction point
B dump

e~ main linac, 12 GHz, 72 MV/m, 3.5 km e* main linac

11 km

booster linac
2.86 to 9 GeV

e~ injector
2.86 GeV

et injector
2.86 GeV
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m Luminosities

Luminosity at lower energy can be better
* Same margins at all energies but need less in main linac and BDS
* Required 20% likelyhood to meet static performance in each system not overall

Could increase luminosity at 380 by 50%

Can double repetition rate to 100 Hz
* Needs to address two different feedback states

Alexei Grudiev et al.

Can feed two detectors Need to check switching frequency (stored energy in dipoles?)
As consequence L=2.25x103* cm?s! and L=4.5x1034 cm™?s”! is possible at 380 GeV

At 1.5 TeV remain at L=3.7x1034 cm2s"!

At 250 GeV scale with energy L=1.5(1.48)x103%* cm'%s”! and L=3(2.96)x1034 cm™2s"!
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Could increase luminosity at 380 by 50%

Old target: L=1.5x1034 cm%s™!
Achieved in perfect machine: L=4.3x1034 cm™2%s""

Reminder: Improved Luminosity

Documented for Snowmass, Explained in
chapter 2

C. Gohil, P.N. Burrows, N. Blaskovic, A.
Latina, J. Ogren, D. Schulte

x 1034
Average with static imperfections: L=3x 1 O34 cm 257! 310
90% are better than L=2.35x1034 cm™2s"! 3.50 ~ o
3.25 .,,....-"’m
Average also with ground mo’rion L=2.8x1034 cm2s°! = ol T
90% achieve L>2.3x103% ¢cm?s"" o .,,.,...-o-"'ﬂ#
£ 2757 e
Adjust horizontal beam size for each case (differs from Chet’'s < 2.50¢ .
presentation, but in published paper) 9951
200k ; *  Without Ground Motion |
Very small impact of other imperfections * With Ground Motion
0 20 10 60 80

In addition, reduced emittance growth in RTML and ML Collider Number

L=2.25x1034 cm2s"!

is realistic
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én Main Linac Emittance Growth @

A. Pastushenko, D. Schulte

Use of tuning knobs in main linac — Chapter 3

reduces emittance growth

[ RFalign.

Table 2: RMS Element Misalignments after the Prealig
ment

100 |

X : ]
Note: full integration unfortunately not g 400 -
yet done < ; RF align. w/ knobs
cﬁ B -
S 300 [ ]
I 3
E 200 - -
2
Z

Imperfection With respect to Value

Girder end point Wire reference 12 um
Girder end point  Articulation point 5 um

Cavity offset Girder axis 14 um
Cavity tilt Girder axis 141 prad
Quadrupole offset Girder axis 14 um
Quadrupole roll Longitudinal axis 100 prad
BPM offset Wire reference 14 um
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BDS Status: One IR

F. Plassard
CLIC Parameters Overview
Energy [GeV] 380 1500
Final drift L* [m)] 6 6 . , ' v
FFS length [m] 770 770 E 4 -~
BDS length [m] 1948 3117 s 02 " //' \
Norm. emittance (IP) ¢, . /€n., [nm] 920/15 660/20 E 0 \“\,'_\ CLLIlC:lzzfi\i;l _— /"/*‘*H"<-IP
Beta function (IP) §;/3, [mm)] 8/0.1 8/0.11 %'02 '\\ - I I H’HHH iir" ]
Beam size (IP) o, /o, [nm)] 140/2.1 60/1.5 £ -04 ‘ &
> === (Quadrupoles
Bunch length 0. [um] 70 44 g “06 ['| — Bending magnets S CLIC 380 GeV (L' = 6 m)|
Energy spread 6, [%] 0.3 0.3 =-08 | — Collimator? ‘ a : ~c.a=16.5 mrad
Bunch population N [><109] 5.2 3.72 3000 2500 2000 1500 -1000 -500 0
Number of bunches N, 352 312 Longitudinal position s[m]
Repetition rate f [Hz| 50 50
Total luminosity L:o: [1034 cm_gs_l] 2.5 4.1

* Optimization of the 1.5 TeV design is ongoing (L. Kenendy), with a potential reduction in length of 500 to 800 meters.
* Using the option with the reduced ™ optics (A. Pastushenko) could improve the performace by 2%.
* Further optimization of the 380 GeV design length may still be possible in the future.
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Two IR Design

Vera Cilento

bog,_
CLIC Dual BDS at 380 GeV
IR1 IR2

Final drift L* [m)] 6 6

FF'S length [m] 770 770

BDS length [m] 2294 2256

Norm. emittance (IP) ¢, . /€n,y [nm)] 920/15 920/15

Beta function (IP) £;/3, [mm)] 8/0.1 8/0.1

Beam size (IP) o} /oy, [nm] 140/2.3 140/2.29

Bunch length o, [um] 70 70 T

Energy spread 6, [%] 0.3 0.3 ] il h SectiorT A-A Section B-B

Bunch population N [x10°] 5.2 5.2 ARSI %m!”ﬂ

Number of bunches N, 352 352 / 1 .0

Repetition rate f [Hz] 50 50 5

Crossing angle [mrad] 16.5 26 L

Total luminosity Lot [1034 cm_zs_l] 2.4 2.36 |
* There should be enough space between the beam dump and the beam line. 74
* Possible solutions for insufficient space include adding shielding or incorporating a vertical

bending magnet in BDS2. This option still requires further optimization but appears
feasible, with a luminosity loss of 7% for a 0.4 m vertical offset. 1
* Using the option with the reduced 3* optics (A. Pastushenko) could improve the performace e
15 GEVEPTIRS RALL AREA (BURFAE AND IWDERERIND) ENIE
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Main Beam Injectors

Y. Zhao, A. Kurtulus, A. Latina, A. Grudiey, S. Doebert A
Positron source: ' | — Full wakefield
2r e Wakefield on bunches -

* Start-to-end optimisation of the positron source
* Electron driver energy reduced from 5 GeV to 2.3 GeV
v Final positron yield: ~1.8 (380 GeV) — 2.4 (3 TeV) 41 e W= 50VRCHmm

o W; = 5.0 V/pC/m/mm

3571

W, [V/pC/m/mm]

Rings to Main Linac: 3t
- Bunch Compressor 2: X-band RF power consumption reduced by 50% Bas|

0 50 100 150

- Booster: new RF design of the L-band structure optimised for multi-bunck | b
operation s Robust multi-bunch beam
- Beam-Based Alignment performance: improved for robustness dynamics studies in
. . 1 L L i . .
- Allows for tighter emittance budgets 10° 10' 102 108 collaboration with RF experts
Bunch number
Positron target region and optimised capture device (prototyped) - ,
: ?yMpg geslgleno!d I?eld
AMD 08 | ~ Type 2 solenoid e
k . = Total field
110.9 mm ‘ E
I 13 mm & T T
/ l 04 -
127 mm , o [ | | ! |
EDM 3D printed 0 500 1000 1500 2000 2500
Schematic layout z{mm]
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Proposal for a new Optimised Layout

* Old (baseline)

e* Pre-Injector Linac AMD: Adiabatic Matching Device SR1: Spin Rotator 1
e* Chicane Collimator PDR: Pre-Damping Ring SR2: Spin Rotator 2
Thermionic e Gun Target AMD ‘ DR: Damping Ring BC1: Bunch Compressor 1
| e Pre-Driver Linac e Driver Linac Injector Linac

B—— s —a.

200 MeV

Preliminary. Not to scale.

DCe Gun ~450m ~200 MeV ~250m
‘ Polarized e Pre-Injector Linac ~20 m e and e* BCls
. _ Booster Linac
200 MeV
~ . ™ I/ ——
Polarized laser
~530m seev
~20 m
~100 m
\ ~1.75 km |
* New (alternative)
e* Chicane Collimator Target Preliminary. Not to scale.
e* Injector Linac ‘ e* Pre-Injector Linac  AMD
Unpolarized e Pre-Injector Linac Thermionic e Gun
2.86 GeV 2.86 GeV
e'PDR i
~390 m 200 MeV o .
e SR1 ~20m & Injector Linac Polarized e Pre-Injector Linac DCe Gun
i
2.86 GeV ~200m 200 MeV v

~20m Polarized laser J

Booster Linac

[

2.86 GeV e SR2 2.86 GeV 9 GeV
~130 m ~450 m
\ ~100 m J 800 m
l l
AMD: Adiabatic Matching Device SR1: Spin Rotator 1
. . PDR: Pre-Damping Ring SR2: Spin Rotator 2
Y. ZhGO, A. KUH’UIUS, A. LCﬂ'InG, A. GrUdleV, S. Doebert DR: Damping Ring BC1: Bunch Compressor 1
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&Ib Operational Scenarios @

Operate 10 years at each energy

Ph. Lebrun, L. Linssen, D. Schulte, S.

t E: Adli et al.
Ramp-up as before Stapnes, E: Adli et o
* First stage first three years with 10%, 30%, 60% . AlarEier 2
* Following stages ramp-up as 25% 75%

As before 1.2x107 s luminosity per year
Distribution of beam on both
This yields: experiments to be defined

380 GeV at 2.25x103* cm™?s”! yields 2.2 ab"!
380 GeV at 4.5x10%* cm™?s”! yields 4.3 ab"'

e 250 GeV at 1.5x10%* cm™?s! yields 1.4 ab"!
» 250 GeV at 3.0x10%* cm™?s! yields 2.8 ab"!

1.5 TeV at 3.7x103* cm™?s”! yields 4 ab"!
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