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Vacuum System Design and Key Technologies for the DALS Beam Test Platform
Based on a Superconducting High-repetition-rate Accelerator
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Abstract The Dalian Advanced Light Source (DALS) is a planned extreme ultraviolet (EUV) free-electron
laser (FEL) facility based on a superconducting continuous-wave linear accelerator architecture. Its core objective
involves generating high-brightness FEL radiation with 1 MHz repetition frequency and wavelength coverage of 6.5-
180 nm using a 1 GeV electron beam. As a critical pre-research project for DALS construction, the DALS beam test
platform aims to overcome key technological bottlenecks in high-quality beam generation. This work focuses on the
vacuum system design and critical technologies for the room-temperature beamline section of the test platform
employing superconducting high-repetition-rate accelerators. Based on beam physics requirements, systematic
design and optimization were implemented through theoretical analytical calculations and Moflow+ numerical
simulations. A comprehensive solution from theoretical design to engineering implementation was achieved through
software simulations (SynRad+ and Workbench) and practical verification, with particular emphasis on three key
technologies for superconducting accelerator beamline vacuum system adaptation: optimized design of
electromagnetic field-constrained CF flange radiofrequency shielding structures, structural design and steady-state
thermal analysis of non-standard vacuum chambers, and precision control with modular installation techniques for
ultra-clean vacuum systems. Current vacuum test results for the room-temperature beamline section demonstrate:
injection segment vacuum better than 5x10° Pa, beam distribution and diagnostic section vacuum better than 5x
10°° Pa, and differential pumping cavity vacuum downstream of superconducting modules better than 2x10° Pa with
residual gas composition (mass numbers >44) below 1% of total residual gas and low hydrogen molecule content -
all meeting superconducting accelerator operational requirements. The design specifications and technical
framework developed in this project provide crucial technical support for subsequent full-system vacuum
engineering implementation of superconducting accelerators.
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The physical layout of the beam test platform
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Fig. 4 Pressure distribution simulation of the beam test platform

Ji it ROV A B R 32 W B ) LS BE AT 5%10 ° Pa, HL
ZE A0 Ry R T AR R K

2 REHFEAER

R & Has R G R R R,
BT hm v AR i b i B s HOR, (Hh TR
FIT = EA (1 MHz) F 38 S s He AR, 2ok 17—
B[R] A% GE I i B s B H R SCBE IR RE . o
TS A5 F Y R REAY R T IR 2y S B s
KRN AR Y, BYm A mt 2 T
HLT o, SR AR AN ER S M b T, DR SRR
i B s s AT H T AP BEL BT R LU I B
2 BB, BEORSIUATIR B9 A R4 45 A [7] i ik 23
P T TR AW ) B R, ) N >4 SR 3E fi e 7= A F) t
S5 O MU i L 23 5 PN BE IR 5 | ) 3 B A R
SRE s BELE TR A IR R 3 A 0 UKL 2 e
E NGRS . FRARIEPERE, B 20 5 I 3 Ak
AR E, I TS 20 m s SRR E B A
BB R

2.1 RF R#giE=

Eoeery EeE i liob vAmay) | BT Ly Rl - Rge G U S B ]
WOk AR % B CF 28R ) M 3k 2% i T
Bt 2, 181k 22 B B A5 ab s % 0 A 5 2
REASEPI FE R Z — WH PRI T —F
RF Jif il B 0k =2 — %85 3 Bl e 4 2540, 3l ol S ok == -

B B -k 2 TR S T R, A sk D B
Pio

IV ANSY'S A% A [] 785 1) 5 e 4] Pl 24 7
TIYEIEAS T B, L DN63 fY JC 48 4 %5 35 Bl Fll CF63
PIANERANTE 22 1], ZE88A% Rt 13 N m (9 HUE )
JI5E, 5 BT B A e B 1) B v T el TR
(L 5), SR IE AR PE A B4l T il 2 T gk 2 FraR i)
AN ) -5 i 0 L £18) DB 2548 RS B T 2%

HRHEZR 2 45 i RS S 8000 100 X5 17 o i 6
FEl, SR I R AT 5 i1k 25— P O U BEAR 1) 5 B o
IR, B S 1R FERE 1I0N'-m 2 16 N'm
R 05 T SR 32 5 B P TR, R IR R R R 2
B TR E e T A LG E 6 iR ), SR =
A R I B SOV T 2 PN RE N £ %% B2 T IR AR,
A NS 2 B, 1A 2508 B DR 22 4 BBl % B As
MRS

XN T) 00 T 118 2 22 R R i 4 08
gt It ml B & 7 Fin &k El, B b 48 AE
31 Pl SR ik = AR X3, H B €0 1 2k Sy i P AE AN ()
U IAE T A S R AR L . R aT
VLA H, B 700 00 58 B 38 n e i 1 P 8 AS W 1)
P NARNG A, MR RN 14 N-m B4R PE P A
Ak 2 NRILTES, YWE 4R 15 N-m B4
Bl AR PN T T 22 N AR, RIE % R 3 SE B TR LAY
AIFEMEEER, PR IR E 11 N'm=13 N'm



1100 H = B

5 8 R o

i 45 4%

3?.0 (mm)

0.021030
0.016020
0.011020
0.006012
0.001006
—0.004000
—0.009006
—0.014010
—0.019020
—0.024020

KI5 BRIE 22— 5 Fel {f B
Fig. 5 Shield flange-copper ring simulation model
®2 ARESEBHENSMEIMIR T
Tab. 2 Different types of shielded copper inner diameter and

outer diameter processing size

Types DN35 DN50 DN63 DN100
internal /mm 35000 500,"" 63005 " 100565
external/mm  48.300°  61.6405" 82505 120.605
thickness/mm 2 2 2 2
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Fig. 6 The measurement of inner diameter of copper gasket
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Tab.3 Radial step height of transition section in shielded
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moment /N-m 10 11 12 13 14 15 16

samplel -58 —-40 -30 -15 -5 10 20
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sample3 —-55 -37 29 -10 -0 5 10
sample4 -56 —-40 -30 -15 -5 10 20
sample5 -58 -39 30 -10 -0 9 15
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Tab. 4 Physical parameters of magnet

No Gap/mm Angle/® Radius/mm Beam Path/mm
1 55 90 600 50
2 40 90 600 35
3 13 5.1 4493.787 7
4 40 5.1 4493.787 35
5 40 0.513 111687.679 35
6 55 30 763.944 50
7 55 =30 763.944 50
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3 DT7-D35(z) 2.5 CuCrZr 5.1
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Fig. 9 Temperature rise simulation in vacuum chamber
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