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BDS in CLIC: Objectives and Challenges

CLIC [ 380GeV |  3TeV

0.2 - ‘ . .

CDR | Current | CDR | Current g | Sy CLIC 3TeV (L' = 3.5 m) b J
L* [m] 4.3 6 35 6 = . c.a=20mrad 1 /ﬁ*’ IP
BDS length [m] 1728 1949 2795 3117 £ -02 ‘ H ' * 4/m,—m' -
Norm. emittance Y€, [nm] 950 950 660 660 2 i H #H
Norm. emittance yey [nm] 30 30 20 20 -l | e
Beta function (IP) B [mm] 8 8 7 7 § -0.6 | Bending magnets \\\+ . |
Beta function (IP) 5 [mm] 0.1 0.1 0.068 0.12 E o s Collimators : CLIC 380 GeV (L' =43m)
IP beam size 6 [nm] 144 | 144 40 40 x , ‘ i
IP beam size ¢, [nm] 2.9 2.9 0.7 0.9 -3000 -2500 Lof:i(:g e p;llsf;?i?m - -1000 -500 0
Bunch length ¢_[um] 70 70 44 44
rms energy spread &,[%] 0.3 0.3 0.3 0.3 . ; ;
Bunch population N, [10°] 5.2 3.2 372 SE E 04 T
Number of bunches ny 352 352 312 312 =02 .
Repetition rate fy,, [Hz] 50 50 50 50 g 0 My, CLICA T =W
Crossing Angle [mrad] 18.3 16.5 20 20 202} g T i I
Luminosity % or [103*cm2s71] 1.5 1.5 59 59 2 04 WH’HHH

£ o [[= g S——

* Main challenges: minimizing beam size, correcting L | ey | ey syl

chromatic aberrations, and maintaining beam stability 3000 2500 2000 -1500  -1000 500 0
Longitudinal position s[m]
*Cilento, Vera. Optics Design of a novel Beam Delivery Systen for CLIC: the case of two Interaction Regions. First experiments for the validation of the ultra-low betay* nanometer beam size at ATF2. Diss. Université Paris-
Saclay, 2021
*Pastushenko, Andrii. Opzzmization of CLIC Final Focus Systenr at 380 Gel” and implementation studies for Ultra-low p* at ATF2. Diss. Université Paris-Saclay, 2022.
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Update of the CLIC 3 TeV performance
__oylnm] | __ideal | _w/SR__

baseline 41.4 50.3

I N T

baseline 1.69

Luminosity
[1034 cm™ s71] w/ solenoid w/ SR w/ sol+ SR

baseline

* 'The update involve the integration of the detector solenoid effects in the performance evaluation

* The detector solenoid effect was never evaluated for the CLIC with L*= 6 m, while for the LL*= 3.5 m was
~ 4%

* The evaluation of the luminosity including the detector solenoid effects has been done with PLACET tracking
procedure (ideal, w/ sol, w/ sol+ SR) and GUINEA-PIG

* The luminosity loss from the solenoid field for the the current design with L*= 6 m is about 4%




‘The Dual BDS Concept for CLIC

* 380 GeV

» Four different beam lines have been constructed to provide:
* Longitudinal separation of ~ 40 m at IP.
* Transverse separation of 10 m at IP.

» The 0 in the DS of the BDS2 is 4.83 mrad.
» The crossing angles at IR1 and IR2 are respectively 16.5 mrad and 26 mrad.




‘The Dual BDS Concept for CLIC
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» The crossing angles at IR1 and IR2 are respectively 20 mrad and 25.5 mrad.

*Cilento, Vera, et al. "Dual beam delivery system serving two interaction regions for the Compact Linear Collider." Physical Review Accelerators and Beams 24.77
(2021): 071001.
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‘The Dual BDS Concept for CLIC

* Beam Size and Luminosity with PLACET and GUINEA-PIG for CLIC 380 GeV including detector solenoid effects
EIINEETEEECTE T
IR1 141 144 [R1 3.07 3.08

IR2 141 144 IR2 3.06 3.07

Luminosity

[1034 cm™2 s7"] w/ solenoid w/ SR w/ sol+ SR
IR1 1.515 1.512 1.492 1.412
IR2 1.491 1.475 1.466 1.392

* The beam size simulations with the different codes (MAPCLASS and PLACET) show consistency
of the results
* The luminosity loss can be considered negligible for the CLIC 380 GeV case




‘The Dual BDS Concept for CLIC

* Beam Size and Luminosity with PLACET and GUINEA-PIG for CLIC 3 TeV including detector solenoid effects

I T 7 I N TN

43.5 51.5 1.02
IR2 44.9 64.8 IR2 1.02 1.92
Luminosity
[10%4 cm™ s71] w/ solenoid w/ SR w/ sol+ SR
IR1 9.0 8.21 6.30 6.09
IR2 8.33 7.59 5.14 417

* The beam size simulations with the different codes (MAPCLASS and PLACET) show consistency of the results
* The impact on the luminosity performance of CLIC 3 TeV for the solenoid field is ~ 4% for the IR1 and ~ 19%
for IR2




BDS Requirements for Plasma Colliders

» Unlike traditional accelerators, plasma colliders use plasma waves for particle acceleration, introducing unique
BDS challenges

» Addressing these challenges is vital for realizing the full potential of plasma-based acceleration, opening new
frontiers 1n high-energy physics research

» Main challenges:

* Beam Stability = Plasma's dynamic nature can lead to significant beam instabilities

* Energy Efficiency and Transfer = Energy loss through interaction with plasma and inefficiencies in
energy transfer to the beam

* Focusing and Emittance Control = Achieving and maintaining tight beam focus while controlling
emittance growth in plasma

* Chromaticity and Dispersion Correction = Chromatic effects are larger in plasma colliders as relative
energy spread of the beam could be larger




BDS Synergies: CLIC & LPA at 3 TeV

4

* Both CLIC and LPA aim for collisions at 3 TeV, /@@2‘%

~k"’&caleyb,~.re,v
facing unique vet overlapping challenoes in their —y SOy s e, m
g uniquc 'y pping g @ r - o e %

BD S INTERACTION REGION
e+ SOURCE @
* Achieving nanometer beam sizes at the IP is !m} !: "'
critical for both CLIC and LLPA = LPA beam
size at the IP is compatible with the use of CLIC Bl Syiibol [unit] ILC CLIC LPA
BDS (Wlth unknown eﬂergy Spread and lf the CMS energy Ecm [GeV] 500 3000 3000
: : Luminosity L [103% cm—2571] 1.8 6 10
target emittance 18 reaChed) Luminosity in peak Lo.o1 [1034 c1n_25_1] 1 2 Vs
Total beam power [MW] 10.5 28 48
. . Loaded gradient G [MV /m] 31.5 100 3000
* Main challanges: transverse emittance Particles per bunch N [10°] 20 3.72 1.19
. . Bunch length oz [pm] 300 44 8
preservatlon and ground motion effect Interaction point beam size 0z /0y [nm/nm)] 474/6 40/1 18/0.5
Normalized emittances €z /€y [nm] 10%/35 660/20 50/5
Beta functions Bz /By [mm] 10/0.4 7/0.07 —/—
*Schulte, Daniel. "Application of advanced accelerator concepts for Initial beam energy spread og [7] 0(0.1) 0.35 —
colliders." Reviews of Accelerator Science and Technology 9 (2016): 209-233. BunCheS,per raln &b }'312 31!_2 L 3
“Schroeder. C. B 1L " lliders based on 1 | Bunch distance Az [ns] 554 0.5 11.9-10
cnroeder, C. b., et al. mear co €1S basea on aser—p asma Repetition - f’r [HZ] 5 50 84 . 103

accelerators." Journal of Instrumentation 18.06 (2023): T0O6001.
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BDS Synergies: CLIC & LPA at 3 TeV

. . . @ 5 > yRce ~km scaqy,
» First simulation for a LPA 3 TeV BDS m
(O -2 C i

INTERACTION'REGION c’mg
e

* Using the parameters shown in the Table we

get from PLACET Tracking and GUINEA- #—j&‘- n--
PIG: m%&gmmefﬁ;ém
* w/SR
Parameter Symbol [unit] ILC CLIC LPA
* Energy spread of CLIC (0.1%)
CMS energy Ecm [GeV] 500 3000 3000
d CLIC thﬁS at thC IP (7 mm aﬁd 0.12 mm> Luminosity LC[I111034 0111_25_1] 1.8 6 10
Luminosity in peak Lo.o1 [1034 c1n_25_1] 1 2 7
Luminosity Total beam power [MW] 10.5 28 48
103 2.1 Loaded gradient G [MV /m] 31.5 100 3000
[ cm™ s7] Particles per bunch N [10°] 20 3.2 1.19
Bunch length oz [pm] 300 44 8
Interaction point beam size 0z /0y [nm/nm)] 474/6 40/1 18/0.5
27 0.6 12.7 Normalized emittances €z /€y [nm] 10%/35 660/20 50/5
Beta functions Bz /By [mm] 10/0.4 7/0.07 —/—
Initial beam energy spread or (%] 0(0.1) 0.35 -
Bunches per train ny 1312 312 1
Bunch distance Az [ns] 554 0.5 11.9-103

Repetition rate fr [Hz] 5 50 84103




BDS Synergies: CLIC & HALHF at 380 GeV

-« >
Facility tength: ~3.3 km
. . . .. Posiron Dampirg g (@1 Gt rvare)
* BDS specification for the hybrid, asymmetric, linear ey R ES JTheons e
. . . (250 GeV c.0.m.) ‘0 e e eV e rIVEI.rS
Higgs Factory (HALHF), in which electrons are S e _
. . . . Beam-dslivery system PO P VA e e aV o
accelerated to higher energy in PWFAs and oamcenyoen  Poltenuwsiis ERGD e v
. . (31 Geve) ; Seale: 500 m '
positrons are accelerated to lower energy in
Conveﬂti()ﬂal RF CaVitieS iS prOpOSCd Parainieten Unit HALHF ILC CLIC
e et e Jet e Jet
Center-of-mass energy GeV 250 250 380
Center-of-mass boost 2.13 - -
* Due to the asymmetry of the BDS, the HALHF Bunches per train 100 1312 352
Train repetnilc.)n rate Hz 100 5 50
positron BDS will be much shorter (320740 m), i, A T
. . . Main linac length k 0.41 1.25 7.4 3.5
simulations could be done starting from the CLIC orp——— Gev 500 31.25 125 190
. Bunch population 10*° 1 4 2 0.52
380 GCV deslgn Average beam current pA 16 64 21 15
Horizontal emittance (norm.) pm 160 10 5 0.9
Vertical emittance (norm.) pm 0.56 0.035 0.035 0.02
IP horizontal beta function mm 3.3 13 9.2
IP vertical beta function mm 0.1 0.41 0.16
Bunch length pm 75 300 70
Luminosity cm 257! 0.81 x 10** 1.35 x 10%* 2.3 x 10**
Luminosity fraction in top 1% 57% 73% 57%
Estimated total power usage MW 100 111 168
Site length km 3.3 20.5 114

*Foster, B., D’Arcy, R., & Lindstrom, C. A. (2023). A hybrid, asymmetric, linear Higgs factory based on plasma-wakefield and radio-frequency acceleration. New
Journal of Physics, 25(9), 093037.
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BDS Synergies: CLIC & HALHF at 380 GeV

-« —>»
. . . Facility tength: ~3.3 k
» First simulation for a HALHF 380 GeV BDS Fosien Dapigiws i
source (3GeV) Driver source,
Interaction point RF linac (5 GaV) AF linac Elsctron

e oavenm (o CoICTD) mommmmny (6:31 Gov o'kivre)

— <
— 93020

* A simulation with GUINEA-PIG has been E,Bamdan\,‘a,vsysmm e

, L Toieemen TGS 00N (oume e
done in order to asses the luminosity of the 61 Gov ) S
tacility using the CLIC BDS scheme
(considering the values in the Table) and : S - i o e
e et e JeT e Jet
* W/ SR Center-of-mass energy GeV 250 250 380
Center-of-mass boost 2.13 - -
i Energy Spread 0.1 50/0 Bunches per train 100 1312 352
Train repetition rate Hz 100 5 50
e Betas at the IP (33 mm and 0.1 mm) Average collision rate kHz 10 6.6 17.6
Average linac gradient MV/m 1200 25 16.9 51.7
Main linac length km 0.41 1.25 7.4 3.5
Beam energy GeV 500 31.25 125 190
Bunch population 10*° 1 4 2 0.52
Lumino Sity Average beam current RA 16 64 21 15
34 2.1 Horizontal emittance (norm.) pm 160 10 5 0.9
[10°* cm™ s7'] Vertical emittance (norm.) pm 0.56 0.035 0.035 0.02
IP horizontal beta function mm 3.3 13 9.2
IP vertical beta function mm 0.1 0.41 0.16
Bunch length pm 75 300 70
734.5 7.6 1.1 Luminosity em ™2 57! 0.81 x 10* 1.35 x 10* 2.3 x 10**
Luminosity fraction in top 1% 57% 73% 57%
Estimated total power usage MW 100 111 168

Site length km 3.3 20.5 11.4




BDS Synergies: CLIC & HALHF (for two IRs)

* Two IRs would make both CLIC and HALHF more
competitive with the other future colliders projects

e The ILC solution was to construct two detectors and move
them alternatively in and out of the beam line

e = = >
P #1 1P #2

(250 GeV c.0.m. e*—e") (250 GeV c.0o.m. e*-€)

* The cost of providing two IRs in these HALHF schemes is a
duplication of the BDS, the excavation of a second detector
cavern, the provision of a second PWFA arm to source and

accelerate electrons and a variety of transport lines

The Dual CLIC BDS scheme illustrated before could be
taken into account for the scheme of the HALHF saving the

(b)
T T T T ij : » >33 >3 » ——
m% - = = tccccccarl ]
= %
1P #1

IP #2
(250 GeV c.0.m. e'—¢") (250 GeV c.0.m. e'—¢")

Figure 3. Schematic layout of the hybrid asymmetric linear Higgs factory with two interaction
points, with either (a) a single RF linac in a T-shaped configuration, or (b) with two separate

RF linacs for increased beam power.

second PWFA arm but having to share luminosity

*Lindstrom, C. A., R. D'Arcy, and B. Foster. "Status of and upgrade concepts for HALHF: the hybrid, asymmetric, linear Higgs factory." arXiv preprint
arXiv:2312.04975 (2023).
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The Future of BDS: Scaling with Energies

* As we venture into higher energy frontiers, the role of BDS Comparison with the design at 7 TeV

A

becomes increasingly critical

Total Length _—
FFS Length —

* Higher energies entail more stringent demands on beam Chicane Length -~
//
Transport/Matching/Collimation Length

focusing, chromaticity correction, and stabilization

* Projects like CLIC, aiming for multi-TeV collisions, and LPA,
with its potential for ultra-high acceleration gradients, are at the
forefront of addressing these challenges

BDS Path Length [m]

* Scaling laws of the different parts of the BDS*:

¢ Energy Collimation (bending sections) scales between L~E and L~E ?*

* Diagnostic and Transverse Collimation scale between L~VE and L~E* .
*  FFS scales as L~E /10 — L L L !

Egyy [TeV]

“White, G., et al. "Beam delivery and final focus systems for multi-TeV advanced linear colliders." Journal of Instrumentation 17.05 (2022): P05042.
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The Future of BDS: CLIC BDS Design at 7 TeV

2000 i * The challenges of this new design are minimizing the extent of
s FCC-88 trajectory bending for collimation and chromaticity correction
% o0 —= |LC to reduce the effects from synchrotron radiation, ensuring a
TE good transverse aberration control at the IP
o
=
= 10 * In Figure, four possible lengths of the BDS have been
~ proposed to achieve a target luminosity of approximately 10
cm™2s 1 at 7 TeV (the Figures shown are not considering the
150 " 500 5000 solenoid losses)
Collimation Length [km
Ecm [GeV] B 30 32 saATEFEW NN 42 a4
7 10.0
Table 3: 7 TeV BDS Luminosity for Different BDS and ;V'
Collimations Lengths. FFS and Diagnostics Length are c 9.5
Kept Constant, Lrrs = 1016 m, Lpiagnostics = 547 m 3
o
— 9.0
Lpps [km] 4.5 5.0 5.5 6.0 S
Lcoltimation [m] 2937 3437 3937 4437 2 g5
L[10*m %] 80 93 97 101 £
L1 [10%*cm™2s7!] 268 2.87 289 297 3 80

4.6 4.8 5.0 < . 54 5.6 5.8 6.0
BDS Length[km]

Manosperti, E., R. Tomis, and A. Pastushenko. "JACOW: Design of CLIC beam delivery system at 7 TeV." LAColl” IPAC 2023 (2023): MOPL113.
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Conclusions

» Innovations on CLIC BDS:

* The dual BDS design is competitive up to 3 TeV with a total luminosity loss of about 30% for the
extra line with larger crossing angle

* The impact on the luminosity performance of CLIC 3 TeV for the detector solenoid field is about 4%
for the baseline and for IR1 and about 19% for IR2

» Synergies between CLIC and Plasma Colliders:
* The collaboration between CLIC and plasma collider projects such as LPA and HALHF has
highlighted shared solutions to common challenges
* First simulations with CLIC BDS for both LPA and HALHF show that the luminosity goals are

reached 2 the largest challenge are the emittance preservation and possibly the missing energy
spreadr?

» Exploring the scaling laws of BDS components has laid a foundation for future collider designs to
tackle the demands of higher energies




Thank you for the attention!




