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Abstract

The design challenge for all colliders is to increase luminosity. In addition, in the Linear Collider, the luminosity will
be increased by minimizing the beam size. However, simply reducing the beam size causes Beamstrahlung and reduces
the beam energy width. Therefore, a flat beam having a large beam size ratio and emittance ratio in the horizontal and
vertical methods is used. The current linear collider uses radiation attenuation in a damping ring with a circumference of
3 km, but in this study, we investigated a method using emittance exchange technology as an alternative method. This
technique produces an asymmetric minimal emittance beam by exchanging emittance between two degrees of freedom,
x-y and x-z, in a six-dimensional topological space. First, RFBT is used to replace the horizontal emittance, and then
TLEX is used to transfer the excessive horizontal emittance in the traveling direction. We will present the design research
by simulation and the experimental results at the Superconducting Accelerator Test Facility of Tsukuba High Energy

Accelerator Research Organization on the above issues.
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Figure 1: The conventional design of the injector for Linear
colliders. The beam is stored in DR to make asymmetric
beam emittance in horizontal and vertical directions by
radiation damping.
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Figure 2: The injector design employing the emittance
exchange techniques. The asymmetric emittance beam in
horizontal and vertical directions are made by RFBT and
TLEX.
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Figure 3: KEK STF Beam line for RFBT.
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Table 1: Emittance Budget for ILC at [IP(TDR) and Six-
dimensional Emittance Exchange

ILC 6D emittance Exchange
Initial RFBT TLEX
Enx 10 50 62500 10
[ um] ——
Eny 0.04 50 0.04 0.04
[T um]
Enz 110000 10 10 62500
[m pm]
E6D 44000 25000 25000 25000
Table 2: Simulation Parameter
Parameters Value unit
Beam size (Rms) 0.85 mm
Bunch size 12
(Full width) ps
Initial .
emittance(x,y) 0.72 pi mrad mm
Angler
momentum 18.4 pi mrad mm
on cathode

Table 3: Twiss Parameter (Simulation)
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BN, EOTDET | HORERERTIvF
A% IV —R ETREAIELH(ZZTIE 50 mrad mm),
RFBT IZ&> Ty FTIyF A% 0.04 mrad mm |Z#Z
HEx FHOTIvZ AT 62500 mm mrad (2725, %
Dt TLEX T x-z[WDTIvZ U A% RZHL  x FF D=
\/5'/2 % 10 mrad mm &725, HEH7 =3Iy AT 1P
BIFDRISIEBEE LR\ . i 2 7 ~4
%@%ﬁauﬁ%:azw\ ILC DEREAE RS D,

4. TEal—iar-ERER
41 TRzl —iarv

i TRV — R JE R (KEK) R =7 v 7
B EX (STF)D RFBT 25k e — A7 1 (Fig. 3)% 48
BTz Iab—ara{Tolc, FRTIT CCM B4 &
skew ERZ(CAREENE N EiE FIREEFR T D)D 2 M
FICAZ) = ML E T D728, v alb—rab[E U
JLOD Twiss parameter, =¥ AD HHA1TH, FT-,
60 pC D/NSWN FE A CRREITIT28 | 22 [ E A
RAFHRL TR,

F79" Eq. (002D X AR HA T Twiss parameter
25 skew AHRFIZ x Ey 10 TRIFRCHDLMLENH D, £
D7=8 . quadrupole |2~ T Twiss parameter DFFE A1 T

- 694 -



Proceedings of the 18th Annual Meeting of Particle Accelerator Society of Japan
August 9 - 12, 2021, QST-Takasaki Online, Japan

E' 10?

£ [
10!

—x

Y

44 46 48 50 52
Z[m]
Figure 4: FEmittance after skew (simulation),

Longitudinal distance from cathode position vs
normalized emittance. Red: x, blue: y.
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Figure 5: Qscan at Upstream and Downstream.
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Figure 6: RFBT result. Measured only in x direction.
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Table 4: Emittance Exchange (Simulation)

Ex &y /e

[pi mrad mn [pi mrad mr Y
= 185 185 1.0
i 37.0 0.19 195

Table 5: Twiss Parameter (Experiment)

vV Bx\/m B}’M Ay lly
¥ 0.978+/- 1.241+/- -3.48+/- -3.48+/-
'“ 0.256 0.333 0.088 0.175
T 3.122+/- 7.885+/- -492+/- 4.5+/-
'“ 0.747 1.67 5.44 0.334
Table 6: Emittance (Experiment)
- g
[pi mrad mm] [pi mrad mm]
L5 0.662+/-0.040 4.5+/-0.334
Tk 0.779+/-0.070 49.9+/-2.655

Table 7: Emittance Exchange (Experiment)
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Figure 7: Beam size at CM entrance vs Emittance at CM
exit.
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