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The Compact Linear Collider (CLIC) could provide eTe™ collisions in two detectors simultaneously
possibly at a bunch train frequency in the linac twice the baseline design value. In this paper, a novel dual
beam delivery system (BDS) design is presented in order to serve two interaction regions (IR1 and IR2)
including optics designs and the evaluation of luminosity performance with synchrotron radiation (SR) and
solenoid effects for both energy stages of CLIC, 380 GeV and 3 TeV. IR2 features a larger crossing angle
than the current baseline. The luminosity performance of the novel CLIC scheme was evaluated by
comparing the different BDS designs with and without the detector solenoid field effects. It has to be
highlighted that the impact of the detector solenoid on luminosity had not been evaluated for the current
CLIC baseline, which amounts to a loss of about 4% that corresponds to the same value of the old baseline
design. At 380 GeV the novel dual BDS design features same luminosities than the current baseline.
However at 3 TeV the luminosity performance is reduced by 2% from the baseline design for the IR1 and
by 33% for the IR2. The dual CLIC BDS design provides adequate luminosities to two detectors and proves

to be a viable candidate for future linear collider projects.
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I. INTRODUCTION

A lepton linear collider is considered as one of the
potential candidates to continue the high precision particle
physics research after the discovery of the Higgs boson
at the Large Hadron Collider (LHC) and further study in
its luminosity upgrade, HL-LHC [1]. In particular, two
machines have been proposed for the linear collider
accelerator physics scenario: the International Linear
Collider (ILC) with a center of mass (c.0.m.) energy of
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250 GeV with a proposed upgrade to 1 TeV [2,3] and CLIC
with a c.o.m. energy of 380 GeV with a possible upgrade
to 3 TeV [4,5].

This research is focused on the CLIC machine and more
specifically on the CLIC beam delivery system (BDS) [6]
that transports the e and e~ beams from the exit of the
linacs to the interaction region (IR) by performing the
critical functions required to meet the CLIC luminosity
goals of 1.5 x 10%* cm™2s~! for CLIC 380 GeV and
5.9 x 10* cm~2s~! for CLIC 3 TeV [7].

CLIC current baseline design includes only one detector
and one BDS. In [7,8] the baseline designs for both CLIC
380 GeV and 3 TeV were optimized including moving the
final quadrupole (QDO) outside the detector. The distance
between QDO and the interaction point (IP) was increased
to L* =6 m.

The previous versions with L* =43 m for CLIC
380 GeV and L* = 3.5 m for CLIC 3 TeV featured an
antisolenoid to cancel the magnetic field inside QDO, while
the L* = 6 m does not. The L* = 6 m design is considered

Published by the American Physical Society
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TABLE I. CLIC BDS design parameters.

CLIC 380 GeV 3 TeV
L* [m] 43 6 3.5 6
BDS length [m] 1728 1949 2795 3117

Normalised emittance ye, [nm] 950 950 660 660
Normalised emittance ye, [nm] 30 30 20 20

Beta function (IP) % [mm] 8 8 7 7

Beta function (IP) g; [mm] 0.1 0.1 0.068 0.12
IP beam size o}[nm] 144 144 40 40
IP beam size ¢} [nm] 2.9 2.9 0.7 0.9
Bunch length o, [um] 70 70 44 44
rms energy spread o, [%] 03 03 0.3 0.3
Bunch population N, [10°] 5.2 52 372 3.2
Number of bunches n, 352 352 312 312
Repetition rate f, [Hz] 50 50 50 50
Crossing angle [mrad] 183 16.5 20 20

Luminosity Lror [10** cm™2s7!'] 1.5 15 59 59

as the starting point for the development of the model for
the dual CLIC BDS. Table I summarizes the design
parameters of CLIC baseline designs, for both energies
options and both L* options. Figure 1 shows the CLIC BDS
layout of the different baseline designs, where c.a. is the
crossing angle. Dual BDS designs were already considered
for the next linear collider (NLC) [9], where luminosity
perfomance for the two detectors was within 30% up to the
energy of 1.3 TeV. In this paper we present a new design
with comparable luminosity imbalance up to an energy
of 3 TeV.

ILC [2] has a single IP and two detectors can take data in
different periods of time following a push-pull arrange-
ment. A dual BDS preliminary layout has been proposed
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FIG. 1. BDS Layout of CLIC baseline designs. Top: option
with L* = 4.3 m for CLIC 380 GeV and L* = 3.5 m for CLIC
3 TeV [6]. Bottom: option with the long L* (L* = 6 m for both
energy cases). The IP is at 0 m [8].

also for ILC allowing two distinct interaction regions with
crossing angles of 2 mrad and 20 mrad respectively [10,11].

The objective of this work is to present a novel dual BDS
system scheme, feasible in terms of luminosity, in order to
allocate two detectors and to make CLIC more competitive
with other future circular collider projects.

One of the main design drivers is the luminosity loss due
to emittance increase and related widening of the beam
sizes caused by the emission of synchrotron radiation (SR)
as generated in the bending magnet section in the first
added part of the BDS, called Diagnostics section (DS), to
separate the 2 IRs. This effect is much more significant for
the CLIC 3 TeV case, since the contribution to the IP beam
size scales with the fifth power of energy [12]:

where C, = %(;‘%6 =4.13 x 107" m?> GeV~ is a con-
stant coming from the emission rate integration derived in
[13], E is the beam energy, p is the bending radius and R ¢
is the transfer matrix element between s and s ,. To mitigate
luminosity loss from this contribution p needs to be as large
as possible, which determines the length of the BDS.

Another important design parameter is the crossing
angle at IP. In fact, the SR in the final quadrupole and
the solenoid increases the vertical spot size at the IP. In [14]
it was calculated that this growth was acceptable for
0c <20 mrad in a 4 T solenoid field for CLIC 3 TeV,
leading to the current baseline value of 20 mrad. In the
proposed dual detector configuration the new IR will
necessarily feature a larger crossing angle and this effect
will be evaluated.

An interesting consequence of adding a new IR with
larger crossing angle is its compatibility with gamma-
gamma collisions [15]. A crossing angle of about 25 mrad
is considered optimal for this type of collisions [16].

The impact of the detector solenoid on CLIC luminosity
performance was in part studied in [17] for the L* = 3.5 m
design for CLIC 3 TeV. The machine detector interface
(MDI) design taken into account in that study was the SiD
experiment [18,19] shown in Fig. 2. This layout places the
final quadrupole QDO inside the experiment and imposes
the integration of a preinsulator system and an active
insulation to mitigate vibrations of QDO inside the detector
to the 0.1 nm level. Additionally, due to the presence of a
strong magnetic field, higher radiation, and lack of space
and access inside the detector, some critical components
require longer interventions, leading to a loss of integrated
luminosity. The QDO being installed inside the detector
takes away a significant fraction of the acceptance in the
forward region. This is partially due to the need of shielding
QDO with an antisolenoid in order to reduce the interplay
between the solenoid and the QDO fields, which would
otherwise limit quadrupole field and reduce luminosity [7].
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FIG. 2. Top: Vertical cut through the SiD experiment for CLIC
3 TeV. QDO is located inside the detector and partially supported
by the preinsulator (green block) in the tunnel. The antisolenoid is
present for shielding QDO [7]. Bottom: simplified MDI layout
view showing a representation of part of the final-focus quadru-
pole, QDO, integrated into the CLIC SiD detector and shielded by
an antisolenoid [18].

The results in this paper take into account the solenoid
effect coming from the new design proposed in [7,8] that
involved QDO outside the detector thanks to an increase
of L* up to 6 m for both CLIC energy options [7,8]. This
detector is called CLICdet [20] and it is shown in Fig. 3.
The preinsulator system is no longer needed, and the access
to the detector and QDO are also simplified. The magnetic
shielding of QDO is not needed, so the antisolenoid is not
part of the MDI. The detector cavern size has a half length
of 5918 mm and a half width of 6800 mm [6,20].

This paper is structured as follows. In Sec. II there is an
update of the CLIC 3 TeV performance including the
detector solenoid effects, explaining in detail the tracking
procedure for the evaluation of the detector solenoid effects
and presenting the new results. The CLIC 380 GeV case
was not studied since the solenoid effects can be considered
negligible for this case. In Sec. III a detailed description of
the design of the dual BDS is presented, with at first a focus
on CLIC 380 GeV then, the main features and challenges
of the energy upgrade are taken into consideration.
Section IV focuses on the performances: they are presented
in terms of beam size and achievable luminosity with the
new dual BDS configuration considering only the SR
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FIG. 3. Top: Vertical cut through the new detector model
CLICdet allowing QDO to be located outside of the experi-
ment for CLIC 3 TeV. No preinsulator or QDO shielding with
antisolenoid are needed as opposed to the short L* design
in Fig. 2 [7]. Bottom: Forward region of the CLICdet
experiment [21].

effects in the first part, while in the second part the
luminosity is calculated considering also the detector
solenoid effects. The last section discusses the results
and presents the conclusions.

II. UPDATE OF CLIC PERFORMANCE
INCLUDING THE DETECTOR SOLENOID
EFFECTS

In this section the performance of the CLIC 3 TeV design
with L* =6 m [7,8] is evaluated including the detector
solenoid field for the first time.

A. Tracking procedure to assess
the detector solenoid effects

Particle tracking simulations are done with PLACET
[22] and GUINEA-PIG [23]. The code to asses the solenoid
effects has been developed in [17], where the procedure to
include the solenoid field map is also described. The
tracking including the solenoid field is done using a new
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TABLE II. Beam size and luminosity simulations evaluated
with the direct PLACET tracking procedure for the CLIC 3 TeV
baseline design with L* = 6 m (optics optimized in [8]) and
with the forward-backward-forward tracking procedure for the
solenoid effects results.

CLIC 3 TeV

oy [nm] o} [nm] Lror [103* cm™2s71]
Ideal w/SR Ideal w/SR Ideal w/SR w/sol. w/sol.+SR

Baseline 41.4 503 1.06 1.69 9.40 6.50 8.65 6.22

4th order symplectic integrator [17]. The beam is first
tracked forward without SR, and without the solenoid field
present. This provides the optimal beam distribution at
the IP. The ideal IP beam distribution is tracked backwards
through the beam line, with the solenoid field turned on but
still without SR. The result is a beam distribution with a
perfect compensation for the coupling introduced by the
solenoid field. Finally, the SR is turned on, and the beam is
tracked forward through the solenoid. The estimated
luminosity is compared to a normal tracking of the beam
without the solenoid field, but including the SR. From now
on, this tracking procedure will be called forward-
backward-forward. The results are compared with the
direct (classic) tracking procedure to show consistency
of results.

B. Results

The results showing the CLIC baseline (with L* = 6 m)
performance including the solenoid are first presented here.
The beam size and the luminosity results are presented in
Table II. The ideal case does not consider SR and solenoid
effects. The two tracking procedures used are the direct
PLACET tracking procedure (the classic tracking with
PLACET for the results of ideal and with SR) and the
forward-backward-forward tracking procedure for the
evaluation of the solenoid effects (results of ideal, with
solenoid and with solenoid plus SR). The ideal case
shows the same performance from the two different
tracking procedures, as expected. The luminosity loss from
the solenoid field for the current baseline with L* = 6 m is
about 4% like for the previous design with L* =3.5 m
[17]. The new performance for the current baseline with
L*=6m will be used as the new reference in the
following.

III. DEVELOPMENT OF THE MODEL TO
CONSTRUCT THE DUAL BEAM DELIVERY
SYSTEM FOR CLIC

The novel optics design of the dual BDS was performed
with MAD-X [24] adding bending sections by extending
the DS of the baseline BDS for CLIC 380 GeV and CLIC
3 TeV respectively. The choice of starting separating the

IRs from the DS is mostly to minimize the required dipole
field and, hence, the emittance growth from SR. The
designs are presented in the following sections for both
energy stages.

A. CLIC 380 GeV

The BDS layout is constructed by adding 8 more FODO
cells, of a phase advance, y, of 45° in the existing DS, with
an additional total length of about 300 m. The four BDS
systems at either side of the two IPs (BDS1 e* and BDS2
e*) need to have different DS lengths to provide the desired
longitudinal and transverse separations at the IP. Figure 4
shows the Twiss functions, fi,, f, and 7, as function of the
longitudinal position along the DS. The first figure on the
top shows the existing DS with the FODO cell structure
before adding three dipoles, with bending angles 8, 6, and
0, in agreement with the figure, in order to separate the
two BDS.
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FIG. 4. Top: DS of CLIC 380 GeV for the single IR (baseline
design with long L*). Middle: new DS for the dual IRs in the case
of BDS2 e~. Bottom: new DS for the dual IRs in the case of the
BDS2 e*. The cases BDS1 e* are very similar but with zero
dispersion as they have no dipoles.
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— Collimator

FIG. 5.

The two figures on the bottom show the optics structure
of the DS of the new design for the dual BDS: the middle
one, shows the case of the shorter BDS (BDS2 ¢™), while
the bottom one shows the case of the longer BDS (BDS2
e™). On the top of each figure there are the magnets
appearing in the DS: in blue the focusing quadrupoles, in
red the defocusing ones and in light blue the dipoles. The
bending angles are arranged to suppress dispersion at the
exit of the DS. The strengths of the dipoles are related as

0, = 0,/+/2 [25]. We define as @ the total bending angle,
0 = 20, + 0,. The value § = 4.83 mrad has been chosen to
provide the desired transverse separation of 10 m between
the two detectors to fit the experimental cavern. The Twiss
functions at the DS exit have been matched to the design
values and then the new DS has been connected to the rest
of the BDS in order to get the beam to two different IRs.

The layout of the new dual BDS is shown in Fig. 5
displaying all magnets along the beamlines. Concerning the
longitudinal separation of the 2 detectors, it was chosen to
be about 40 m (that corresponds to one FODO cell in the
DS), even if it introduces issues with train synchronization,
it is necessary in order to minimize the transverse separa-
tion space to allocate the two detectors. The two crossing

— Bending magnets
— Quadrupole
-10 — Detector

-20
c 10m =
X _25 transverse
displacement
-30 -
IR2
-35 40m
longitudinal
_40 displacement
2000 2100 2200 2300 2400 2500 2600
s[m]

FIG. 6. Zoom at the IRs to have a clear visualization on the
longitudinal and transverse separations between the two detectors
of about 40 m and about 10 m, respectively.

10m

Layout of the new dual CLIC 380 GeV BDS System for two IRs.

angles (c.a.) are respectively 16.5 mrad for IR1 and 26 mrad
for IR2 (compatible with gamma-gamma collisions).

A zoom of the IRs is shown in Fig. 6 depicting the
different beamlines. IR1 is longitudinally shifted 40 m
ahead of IR2 and it is transversely separated by 10 m from
IR2 to allow the necessary cavern sizes to allocate the two
detectors without any interference between them.

Table III summarizes the geometrical parameters and the
optics functions for CLIC 380 GeV.

B. CLIC 3 TeV

The dual lattice design is also developed for CLIC 3 TeV,
keeping the compatibility between the 2 energy stages for
both IRs. The procedure to make the new beamlines has
been the same but in this case the additional length in order
to place the dipoles is about 1 km. Figure 7 shows the Twiss
functions, f,, p, and 7, as function of the longitudinal
position along the DS. The first figure on the top shows the
existing DS with the FODO cell structure before adding
three dipoles in order to separate the two BDS. The two
figures on the bottom show the optics structure of the DS of
the new design for the dual BDS: the middle one shows the
shorter BDS (BDS2 ¢7), while the bottom one shows the
longer BDS (BDS2 e™).

The @ value is 2.75 mrad to provide exactly the same
transverse separation, 10 m, as for the 380 GeV design (the
same locations of the IRs) and the crossing angles are for

TABLE IIl. Summary table of the geometrical parameters and
the optics functions for CLIC 380 GeV.

CLIC 380 GeV

BDS1 e BDS1 e~ BDS2 e~ BDS2e"
(short) (long) (short) (long)
6 [mrad] 0 0 4.83 4.83
Lgipole [m] 0 0 218.11 218.11
Lropo [m] 38.36 38.36 38.36 38.36
Lpg [m] 512.89 551.24 512.89 551.24
Lgps [m] 2255.95 2294.3 2255.95 2294.3
c.a. [mrad] 16.5 16.5 26 26
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FIG. 7. Top: DS of CLIC 3 TeV for the single IR (baseline
design with long L*). Middle: new DS for the dual IRs in the case
of BDS2 e~. Bottom: new DS for the dual IRs in the case of

BDS2 et.

IR1 and IR2 respectively 20 mrad and 25.5 mrad. The new
dual BDS layout design for CLIC 3 TeV option is shown

in Fig. 8.

The layout of CLIC at both energy stages and for both
BDS, is shown in Fig. 9. The crossing angles (c.a.) are
indicated at the different IRs. The layout of CLIC 3 TeV is
longer, 4340 m. The 380 GeV layout in contrast, is 2000 m

— Bending magnets
— Quadrupole
— Collimator

FIG. 8.
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20
— Bending magnets
— Quadrupole
— Collimator
10
CLIC 3 Tev
c.a.= -20 mrad
/' r’d
0 CLIC 3 TeV
c.a.= -25.5 mrad
E
X -10
-20
-30

0 500 1000 1500 2000 2500 3000 3500 4000 4500
s[m]

FIG. 9. Comparison between the dual BDS layout of CLIC
380 GeV and CLIC 3 TeV.

shorter, so it goes from 2000 m to 4340 m. IR1 and IR2 are
fixed in their spatial locations, respectively (4300,-21) and
(4340,-32). These results indicate the tunnel construction
compatibility of the dual CLIC BDS, starting from the first
energy stage of 380 GeV and going toward higher energies
also in the case of the BDS2.

Table IV summarizes the geometrical parameters and the
optics functions for CLIC 3 TeV.

IV. PERFORMANCE RESULTS

This section presents the simulations results for the dual
CLIC BDS for both energy stages. In the first part the
results are computed with the direct PLACET tracking
procedure; in the second part the detector solenoid effects
are taken into account thanks to the forward-backward-
forward PLACET tracking procedure described in II A.

These simulations do not include the impedance. The
study on the wakefields for the CLIC BDS can be found
in [26]. In fact, also wakefield deteriorate the beam quality
and in particular there are some components that can be
high impedance sources in the IRs, like the resistive wall
wakefields. The wakefield effect concentrates in the FES,
so a small increase of impedance is expected for the longer

1000 m

10m

Layout of the new dual CLIC 3 TeV BDS system for two IRs.
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TABLE IV. Summary table of the geometrical parameters and
the optics functions for CLIC 3 TeV.

CLIC 3 TeV
BDS1 ¢e™ BDS1 e~ BDS2 e~ BDS2 et
(short) (long) (short) (long)
6 [mrad] 0 0 2.75 2.75
Lgipole [m] 0 0 872.45 872.45
Lropo [m] 76.72 76.72 76.72 76.72
Lpg [m] 1486 1562.75 1486 1562.75
Lgps [m] 4190.66  4267.37  4190.66  4267.37
c.a. [mrad] 20 20 25.5 25.5

TABLE V. Beam size for the BDS1/BDS2 e~ and Luminosity
simulations for the two different IRs for both CLIC energies
evaluated with PLACET direct tracking procedure (no solenoid),
computed for BDS1 e* and BDS2 e*.

CLIC 380 GeV

oy [nm] oy [nm] Lror [10°* cm™2s71]

Ideal w/SR Ideal w/SR Ideal w/SR

IR1 141 144 3.07 3.08 1.515 1.492
IR2 141 144 3.06 3.07 1.491 1.466

CLIC 3 TeV

o; [nm] &; [nm] Lror [10% cm2571]

Ideal w/SR Ideal w/SR Ideal w/SR

IR1 435 515 1.02 1.71 9.00 6.30
IR2 449 648 1.02 192 8.33 5.14

DS but mitigations could be possible as beam-screen size
increase. This needs to be studied in the future.

A. Beam size and luminosity

Table V shows the beam size evaluated with PLACET
for the two different IRs. The tracking and the evaluation of
the beam size has been done also in comparison with
MAPCLASS [27-29] and p1C [30] codes. The results of these
simulations are shown in Figs. 10 and 11, where the beam
size is evaluated up to 8th order aberrations.

The simulation was done for all the different BDS, the
longer and the shorter cases (considering the different
longitudinal displacement of the four different new beam-
lines) and for both energies, 380 GeV and 3 TeV. The first
plot shows that the aberrations that mostly contribute to a
beam size increase are the second order for the horizontal
beam size and the third and fourth ones for the vertical
beam size in the 380 GeV case. For the 3 TeV we have a
horizontal beam size increase due to the third order
aberrations while a vertical beam size increase due to
fourth order aberrations. Due to these results, a further
optimization of the 3 TeV cases was needed. This was
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aberrations for the 3 TeV case.

performed by correcting the aberrations that mostly
increase the beam size with a pair of sextupoles in the
new DS. The sextupoles were added at locations with a
large dispersion and f, with a # phase advance between
them. The integrated sextupoles strength K,L. has been
set to —0.0205 m~2 for both sextupoles, with L = 0.5 m.
Thanks to that, a small improvement of the beam size trend
for the IR2 can be seen in Fig. 11. Furthermore, from
Table V and Figs. 10, 11 we see that the beam sizes from the
different simulation codes show consistent results.

Table V shows the luminosity performance for the two
IRs for both CLIC energies. Luminosities are evaluated
with GUINEA-PIG using two bunches tracked along BDS1
and BDS2, respectively, with direct PLACET tracking.

B. Detector solenoid effects

The effect of the detector solenoid was taken into
consideration only in the second part of the study as
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FIG. 12. The radial and the longitudinal solenoid magnetic
fields along the last 10 m before the IR in the solenoid reference
system.

described in Sec. Il A. The residual transverse magnetic
field from the CLICdet solenoid is considered negligible
beyond 10 m from the IP on the beamline. Different
crossing angles imply different magnetic field near the
IP. In fact, the transverse solenoid magnetic field increases
with the design crossing angle, as shown in Fig. 12. In
particular, in Fig. 12 we can see the different radial and
longitudinal fields for the different crossing angles of
16.5 mrad, 20 mrad, 25.5 mrad and 26 mrad respectively.

In Table VI we can see the results of the simulations. The
solenoid effects on luminosity for CLIC 3 TeV for the dual
CLIC BDS are respectively of about 4% for IR1 and 19%

TABLE VI. Luminosity performance evaluated with both
PLACET tracking procedures, the direct and the forward-
backward-forward (results for ideal, with solenoid, with solenoid
plus SR), for the two different IRs and for the baseline for both
CLIC cases.

CLIC 380 GeV

Lror
[10%* cm™2 s71]
Ideal w/sol. w/SR w/sol.+SR
IR1 1.515 1.512 1.492 1.412
IR2 1.491 1.475 1.466 1.392
CLIC 3 TeV
Lror
[103* cm™2 s71]
Ideal w/sol. w/SR w/sol.+SR
Baseline 9.40 8.65 6.50 6.22
IR1 9.00 8.21 6.30 6.09
IR2 8.33 7.59 5.14 4.17

TABLE VII.  Parameters of the new dual CLIC BDS System for
two IRs.

380 GeV 3 TeV
CLIC IRl IR2 IR1 IR2
L* [m] 6 6 6 6
BDS length [m] 2294 2256 4267 4191

Normalised emittance ye, [nm] 950 950 660 660
Normalised emittance ye, [nm] 30 30 20 20
]
]

Beta function (IP) £ [mm 8 8 7 7

Beta function (IP) f; [mm 0.1 0.1 0.12 0.12
IP beam size o} [nm)] 144 144 51 65
IP beam size o} [nm] 3.08 3.07 1.7 1.9
Bunch length o, [um] 70 70 44 44
rms energy spread o, [%] 0.3 0.3 0.3 0.3
Bunch population N, [10°] 52 52 372 372
Number of bunches 7, 352 352 312 312
Repetition rate f., [Hz] 50 50 50 50

Crossing angle [mrad] 16.5 26 20 255
Luminosity Lror [10°** cm™2s7!] 141 139 6.09 4.17

for IR2. For comparison, a reference for the impact of
all the past experiment solenoids on the CLIC luminosity
can be found in [31].

Table VII shows a summary of all the parameters of
interest of the new CLIC dual BDS design taking into
consideration also the solenoid effects for the luminosity
evaluation.

To try to bring the current CLIC baseline (L* = 6 m) and
the CLIC Dual BDSI design to the same luminosity
performance the possibility of adding an antisolenoid is
explored.

A simulation with the new baseline design but with the
SiD experiment configuration, that includes the antisole-
noid, has been done. The crossing angle is 20 mrad. In
Fig. 13 we can see the different radial and longitudinal
fields along the beam line for the SiD detector respectively
with (blue, solid) and without (green, dashed) the anti-
solenoid. This can be compared to the field of the CLICdet

0.02 5
— a.-s.on
0.00 4| === a.s.off
J
,
-0.02 3t '
. '
— = ’
E o0 = !
o o /!
-0.06 1t ‘
—0.08 —— a.-s. on 0 <
- = a.-s. off
-0.10 T— - T "
-8 -7 -6 -5 -4 -3 -2 -1 0 -8 -7 -6 -5 -4 -3 -2 -1 0
z[m] z[m]
FIG. 13. The radial (B,) and longitudinal (B,) SiD solenoid

field for L* = 3.5 m in [6] with (blue, solid) and without (green,
dashed) antisolenoid, along a beamline with a 10 prad inclination
with respect to the solenoid axis. The IP is at 0 m [17].
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showed in Fig. 12. In the case of SiD experiment the
central field is 5 T while for the CLICdet is 4 T, so
the comparison is pessimistic. In fact, a central field of
4 T plus an antisolenoid could improve even more the
situation in our specific case. The presence of the anti-
solenoid leads to a decrease of the SR effects, the optical
aberrations and the solenoid stray fields. So, adding an
antisolenoid to the dual CLIC BDSI1 could reduce lumi-
nosity loss by at least 3% from the total of 4% coming from
the solenoid and the SR effects. This option could be
considered in future CLIC designs.

V. DISCUSSION AND CONCLUSIONS

The novel dual BDS design presented in this work has
the potential of making CLIC more competitive versus
other future collider projects, such as the Future Circular
Collider (FCC) and the Circular Electron Positron Collider
(CEPC), by enabling collisions in two detectors.

This study leads to a very important result never
evaluated before: the impact of the solenoid field on the
CLIC baseline design with an L* of 6 m. In fact, the impact
on the luminosity performance of CLIC 3 TeV for the
detector solenoid field is about 4% for the CLIC current
baseline design and for the dual CLIC BDS1 and about
19% for the dual CLIC BDS2. This represents the total
luminosity loss that cannot be corrected once the design
is fixed.

Considering the detector solenoid effects there is in total
a luminosity performance loss from the baseline design for
the CLIC 3 TeV of about 2% at the IR1 and about 33% of
luminosity performance loss at the IR2, both with respect
to the previous design but including the solenoid,
6.22 x 10°** cm™2s~!. The impact on CLIC 380 GeV is
still negligible for the solenoid field effects.

A summary table of all the luminosity evaluated for both
CLIC energy stage scenarios and for both IRs and for the
baseline can be found in Table VI.

The possibility to add the antisolenoid reduces the
luminosity losses from about 4% to about 1% and leads
to the same luminosity performances in the case of the
baseline design and the dual CLIC BDSI1 design. For
the dual CLIC BDS2 instead we could not estimate the
potential since the magnetic design of the solenoid does not
exist for now.

To conclude, we can say that the results obtained can be
considered good enough in terms of feasibility to possibly
consider the CLIC dual BDS as a real candidate for the
future linear collider project.

Further improvements can still be performed for the dual
BDS layout in order to recover part of the luminosity
performance, especially for the BDS2 of the CLIC 3 TeV
case. Currently all DS bending is placed in BDS2 however
this could be distributed between BDS1 and BDS2 (with
opposite angle). This would reduce luminosity loss in IR2
and increase it in IR1. Another option could be to do a

longer BDS to reduce the impact of the SR in the BDS2,
followed by optics improvements of the dual BDS.
Furthermore, to try to reduce the impact of the solenoid
effects instead for the BDS2, the antisolenoid is the best
option to cancel a good fraction of luminosity losses. These
could improve even more the real potential, already shown
in this paper, of the CLIC dual BDS design.
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