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Optimization design of photocathode injector assisted
by deep Gaussian process
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(1. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Circular Electron-Positron Collider (CEPC) has high requirements for bunch charge, transverse
emittance, and longitudinal length at the injector exit. Consequently, designing a high-performance electron gun and
injector has become a challenge. To design an injector that meets the targets, many nonlinear and mutually coupled
parameters need to be considered simultaneously. Therefore, we propose a method of searching in a high-dimensional
parameter space using a multi-objective genetic algorithm to optimize the normalized transverse emittance and
longitudinal bunch length, thus to maximize the performance of the electron gun. Since the full simulation of bunch
transportaion with spacecharge effect is extremly time consuming, we adopted the deep Gaussian process as an
surrogate model to solve high-dimensional parameter optimization problem. Through the analysis of key factors
affecting the evolution of beam transverse and longitudinal phase space, a total of 16 geometric parameters and 10
beam element parameters have been determined in this paper. we present a design optimization for an injector
consisting of an L-band radio frequency electron gun, a pair of solenoids, and a traveling wave tube, with an initial
charge of 10 nC. After calculating 8000 effective solutions, we acquired a good approximation to the Pareto front
between two objectives. The corresponding transverse normalized emittance is 19.8 7-mm-mrad, and the RMS beam
length is 1.0 mm. Compared with the design requirement, the transverse normalized emittance is reduced by about
70%.
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Fig. 4 Schematic diagram of the geometric structure of the electron gun
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Fig. 7 Negative value of Hyper Volume from
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Table 3 Main parameter values of a solution

FRFE IR — i T 9.2 nC. Z5HE M 19.8 n:mm-mrad.
WK N 1.0 mm, 3 AR ) RSB AIES 2 mm K42 1 mm, 5

parameter unit range

A WA LR, &R AR T 2 70%. 3% 3 JEIR T X peak gun field MV/m 80
Y L A 1 2 LT 45 0 SRR e R S 8, b s cavity phase ° 243
F) 2 i K S ) 2 AR FE R TE], 4300 9.11, 8.71 em, XA solenoid 1 peak field T 0.3
SR TR S B] () 37°F | VSRR AR Z RS . AT LL solenoid 1 position m 0.12
KB, AR A2 () L AR B B 48 mT DASR AR SO0 T 75 04 o 3 solenoid 2 peak field T 0.28
Yy, BT TR B S B A ik — PR peak TWT field MV/m 30
A SCHJH DeepGP J5 ik 5K 12 THIE AL 5 3% NSGA-IIT 7% fif TWT phase ° 104

23 6] B4 2R B8 7, AT 38 0 5k 1) W SICHE E , A L B o 1Y TWT position m 0.6
GP 777k, MU SIPE 46 A7 HyperVolume!™ (A #% K, 275 Stk radius of iris cm 4.9
HGE ) B BB SR AT LA 21, SR T DeepGP i Y NSGA-TIT HY width of iris em 1.0
HyperVolume k% GP 5 i W WS FE A5 T8 K . 76 A0 R 00 4R length of gun cm 24
5 F 23 60 R LA T, DeepGP Lt GP B 47 B T NSGA- width of gun cm 15
I 503 AL, T R R T FRT RS . 18 7 s T T length of first cell cm 6.2
X PIRR T 15 B NSGA-I 580k B WS b U6 B0 19 1 length of second cell cm 1.0
e radius of first cell cm 9.11
radius of second cell cm 8.71

A3 FH 1) NSGA-TIT 809 4% 0 J2 5 F TianY JF & 194%
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@2.90 GHz H1 32 GB N FE; ¥ ¥F 5543 4% Windows10. Anaconda3-5.3.1, Python 3.7. MATLAB 2021b.
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AR SCHR MY T — ) PO 25 073 2 ( DeepGP) 50 1 i B ), o5 i T 0t vl 7 A 4 T AT 2 6000 S 38 I 1 5 B0k
A 2 BRI AL o 3 1 4T S T M B K S (0 f i B, R SE T 26 MRS O 2 4 HAR. ik
BRI T 60 YEACE A, MILTE T Astra 0 ELFR TS T 8 000 AN AU, R 8 AN HEFLIE I Astra H S, -
P N RO BT 1 mine BT S 502 ) LA R 0 B, T3 X He S BRI, TR LA AR
B2 7045 A bR L 2R SR SR (A, T AR SC I R R R R B T4k B £ 4L R A T RO

AR SCHE R R T 6 5 FL A T S IR 2 S50 3 R T K B2 et AT T A, b T — AR AR b
TR AR A 9.2 nC, K 4T N 19.8 mmmemrad, HK g 1.0 mm, 5 25T AR L, B 05— 1k & 51 R
16 73 70%. DAk TR I T4 26 BB AL S5 1 1 79.8 MV/m 55 B I HEBE B L BB AL 60 LT 0, R i to 7776 /)8
f el 1] PR B, AT R 1 B, RS BIE B TS SR TR AT R B O R AR AT DAL, R
ARG PR/ NIRRT ALAR (29 1 em) .
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