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Abstract: To conduct ultrafast application experiments such as terahertz—laser pump-probe
experiments on the Terahertz Free Electron Laser Facility(THz-FEL), it is necessary to achieve high—
precision synchronization at the femtosecond level between terahertz pulses and laser pulses. A technical
method is proposed based on photoelectric detection and fast feedback from piezoelectric ceramics.
Terahertz pulses are generated using the organic crystal N-Benzyl-2—methyl-4—-nitroaniline(BNA), and
the random jitter of the free electron laser pulses is simulated using an electrically controlled
displacement stage. The piezoelectric fast feedback compensation system rapidly adjusts the optical path
of the laser to reduce the jitter range, achieving high—precision real-time following of the terahertz
pulses by the laser pulses.
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Fig.2 Piezoelectric ceramic fast feedback system
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Fig.3 Diagram of moving average algorithm

S F3 BT RR

b= 3)
y N
X 7 R LR 1 7 =K (4 B s, B TE S B TR AN — B
At= 2l

N “)
) EREXSHEE
2 B AN T 4 BT, B U 4 Y,
T:R:S":7 ) 53 o Jﬂ%—%v}zi&ﬁ 890 nm, IE_‘IZ\ / oo /
figf 2 my ., A 100 Hz By C B HOE 5 , —— ..
B2 B, 2B B (delay line T & delay ——m__ 1+
line IN) ¥ ZE#OGH 1 (laser line ), FHT5E —— l (W 7
R B B4 8 45 % ML LB 5 9 2 T T—s | oo o
(laser line IT) H {i | BNA A7 AL & 44 7= 4 K - '_p_'SiNA(ZnTe) - ZnTer I_ filter
ok 2% WK PR AL R B 2% H L O s ot i ‘J!r,b . !:]-30 L
W 3(laser line D) T4 WOG, 7858 LR 25 TPBS . ““‘*mﬁm mm_
RAAF S RSN R, L e )
PRI v 5 Zn'Te S AR TR, - A 28 DU laser line 11 s
] (Balanced Photodetector, PDB) FH T Fig.4 Experimental setup including pulse characterization

R 28 o R A5 Pl 4 SCHROGHOR R



492 A zEMFERTERER %23 %
S8 o A8 £ 2(Delay Line 10 A — > A TF 25 50 A BEHL P S EI THZ-FEL B BERLEL 3. (088 & B3

I ] B e 7 ik 3 s 9 L, A KB s 3 X 107 A B s st 1) R e — 2 B sh o A an i S B, e AR RS RS 5 4n
SRR E 4, A T RSNV I [50 pm,250 pm], XISl [£167 fs, £833 fs], S 3% H 7O
5% A 2 3k i ] BB T

1000 900
-25%~75% [ jitter position B
the range within 1.5 times the IQR 800 |- /] -
median |
500 |- 700
S 600 | [7]
on
g
E o * z500f
2 2
= S 400 |
g |
S 500 300 1
200 | y N
I
100 | ‘
1000 , ( ‘ N
1 I cti] ‘ b
S0 pum 100 um 150 um 20 um 250 um 18880 18890 18900 18910 18920

(a) different jitter ranges of the stepper motor corresponding to
the jitter ranges of the time domain

jitter position
(b) jitter distribution

Fig.5 Maximum jitter range and its corresponding jitter time, along with a representative set of jitter distribution data

P 5 A RSl R 1 Bl s o) A HE i — 2 B 8y o3 A1

WErh, BEE P EEE R, FS

fEME LB H AR, (55 2WRE, ME 6w, Kemaih 7 AR E )

Y12 [T A5F 300 39 1) R 22 1 5 FRL S Y o U A% 5 AR A0 KB O 4, X R de /D RS TR A 5 pm S PR B
£29°05 1.660 ps (49 2 15 I 8] BL 8y, 7 8 5 16 f K i 25

(VREAS)

BLEI5

TR 2 4%,
250 pm, JTH B

TR BT 30 A

B[ 2 B AR+ o8 500 wm, X 7 A 3 3t

— ARG E, BRE L X=Xt A, XA E, A R IRE, X AR,
SRR 11wV, SPShEHE A 300 pm, BIATIE(E T B E/NT 3 wV it

I e I B MR P U

9x10° | none jitter
0 W/‘/\/\/\
-9x10°° |- . .
8x10°¢ ———50 pum jitter| ~
- . 12.0 T T
or NN SRR ®  maximum of signal
-8x10°¢ |- ~\ - linear fitting
v ' 105
7107 100 pm jitter s
=
o g
&b 9.0
%» =7x10°¢ |- . . <
E 6.5x10°¢ 150 pm jitter| é i
0r .5
= o |- g
6.5x10 I I 6.0
4x10- 200 um jitter
4.5 1 1 1 1 1
0F 50 100 150 200 250
—4x10° |- jitter range/um
1 1
ax10°¢ |—250 pm jitter Fig.7 Relationship between different jitter ranges and the
measured maximum field strength
or NG R PRIy T I U P
—4x10° -
1 1
18 100 18 150 18 200 18 250
location

Fig.6 Test results of terahertz signal with different beam arrival time jitters

6
X ] —

R,

N[V R BRI TRl KA 2% 75t 5 2R

B A A 2% v b b i DR

I

Pesh A e/ NER NP 3. 7 R, BEE



5 BT A% EERTHES GRS REER SR 493

P8 i Bl A 3G O, DR R T B AL 3 e 00 280 ) v 37 e (L o, O 2% v 3 T ik 8 A R (L R 8 9 L A R AR L G
Fo TH, I ORORHR 2Kk v 5, A R 28 K vh 75 K Z 20 wv iE, # S A E 300 pm i, 475 R
WE R 2L

K8 25ty 1 AR BEsh i B, i i 5 A PR S R A IR RO AR, B AR bR s TR B BGE SR, AR bR SRR
A 1) B 3 4 07 RAEL . K] 8(a) Hh JC Sl s A9 BRBE 25 R B ke T 3R R G2, R AT R 200 BT ) S RS OO
M T eI TR TR 3o BEShE F <50 um, ATV R R GEATRE PUE AR v sk, R RS N 1R B B IR R = AR E
DXI] 5 & 8(e), e KBRS 100 wm i BBl 45 576 7150900 BT H B H 36 , OR i F ki A #E0E TRk s,
THAPEE S & EE M E R A, SEESE LG, MXTE S HARE 27 A 5 00 25 A A R A i 38 0 7%
S, REATREEBUIR G5 01V BRER F R OLE, IR I )} 3l i 2 07 AR A S R AR AR X5 TR 8 P
A% B I8 I 8] B 3 2 07 ARME A 2R i 2 2l T BB 2 T BO T IREL S WO, IR R W R B T B R S
AR . TR E SCRYBEPLEL 8 0 A W BEPLEL 3, S5 — B SAFETI AN NI MG W F ,  2lo2e 2dle R 42
W RO, Touk S AR IR B, BN

w5k |_|_ — — oy 16()I.

1 1 ..
ook I | h apply a 50 um jitter 10k

trms/fs

lfrll |
\“/ ﬁ

=)
(=}

60 =

t\'mi/fs

1 '\ {l

(=}
fo— — w—

30 j Ky N 40H ﬁ i | H r
“‘ \u‘{ | ‘\“‘u‘ ‘\‘ | “ | i ‘H 'N ‘JL (‘H'H‘ WM “| I \ “W w

0 120 2;10_ _350 - 4éO_h 600 0 3()0 600 900 1200

N
(a) none jitter {;’Sﬂ follow result (b) laser follow result when the maximum jitter less than 50 um

250

P o — oy 160
200 | I_ T

I ‘ jitter termination I
120
150 W I r
= ’ g
mﬂ T
\H m\ H{ |'{'M | w
I H
” n'u i ﬂm (N l \ 4 J
00 1 000 1 500 2 000 0 400 800 1 200 1 600
N N
(c) laser follow result when the maximum jitter less than 100 um (d) laser follow result when the maximum jitter less than 150 pm
160 | 400 - 1
320
120 -
Qn r Qé 240
F 80 ‘ ‘ \ j = ‘
f i i LG f | u k!

40 ‘
I, \ I,
W | ‘ L1 h il | N N 'L y ’ I

0 1 200 1 600 0 600 1 200 1 500

N
(e) laser follow result when the maximum jitter less than 200 pm (f) laser follow result when the maximum jitter less than 250 um

Fig.8 Correction results via the piezoelectric fast feedback module under different jitter ranges

P8 NIRRT , 38 2o 1T R A e IE fry 25 2R



494 AR EEBRFERER H23 %5

AR SO T — b 3 T E G HR I B e P R R A5 R 2R G0 A KR 2% — O bk e RS A RE LB B R O &R, IR
FHEOCHR AT T Y0 0E TAE o 38 i R e PR S A e e sl 8 45 AP SO R, (0 G O 2% Bk ol () BB, S8 T 4
INTROI B )} 23 L AR, A e KB )} 2 833 fs BTG e B — 2 19 Kbk 22— Wk oh Rl 2B g o SE a4 Rl
S W R G T A AR AR R 6 2% 0 (B R R R, X AR B A I TR R S/ T 277 fs(ems) B, OB 2% H S g A AR B Tl
WARRGME, SRR RGES /D RA B S EEE RN, Wi, RRGWREN T AN HT
KR %% F L O3 8 S I 1 UORS B [R] 20 BB T, R R O 4% 26 B T R 0 T SR — IR BT A R TR S g AR T
— iR, A7 BT R N Y

H AT, 0 R 42 3 R 32 BRSO Ik op 8 Z 0%, OG5 0K G s ik o 3 52 8% B = ol 100 Hz, 5 THz-
FEL [1) 54 MHz 3 bk op 5 52 i A 22 B e, [W) I 1 T THZz—FEL iz 1776 10 Hz 4 %2 Bk bR X, ] B>y il 4% 0 21 (1%
IMES, TSRS, S BCRE A RCREM AR S Hz, MW TG IERM#E A, e, RETTHE R
A A B )] 11 T B T BN B 5 5, DA B A R GR35 ) 8] B o o 1 v HORS B G i

S k-

[1] FERGUSON B,ZHANG Xicheng. Materials for terahertz science and technology[J]. Nature Materials, 2002,1(1):26-33. DOI:
10.1038/nmat708.

[2] ZHOU Kui,LI Peng,ZHOU Zheng,et al. Status and upgrade plan of CAEP THz-FEL facility[J]. High Power Laser and Particle
Beams, 2022,34(10):104013. DOI:10.11884/HPLPB202234.220091.

[3] NOVELLI F,HOBERG C,ADAMS E M,et al. Terahertz pump—probe of liquid water at 12.3 THz[J]. Physical Chemistry Chemical
Physics, 2022,24(2):653-665. DOI:10.1039/D1CP03207K.

[4] SCHMIDT J,WINNERL S,SEIDEL W, et al. Single-pulse picking at kHz repetition rates using a Ge plasma switch at the free—
electron laser FELBE[J]. Review of Scientific Instruments, 2015,86(6):063103. DOI:10.1063/1.4921864.

[5] BT RS 3T 45 B 5 MOBE Y A 2% 5K rh gt £ 07 1k 0], KBk 22712 5 0 115 B 22 41, 2020,18(6):957-961. (ZHAO
Suyu, WU Dai. Theoretical analysis and experimental design of terahertz single—pulse picking based on plasma mirror[J].
Journal of Terahertz Science and Electronic Information Technology, 2020,18(6):957-961.) DOI:10.11805/TKYDA2019359.

[6] JURANIC P N.STEPANOV A,PEIER P,et al. A scheme for a shot—to—shot,femtosecond—resolved pulse length and arrival time
measurement of free electron laser x—ray pulses that overcomes the time jitter problem between the FEL and the laser[]].
Journal of Instrumentation, 2014,9(3):P03006. DOI1:10.1088/1748-0221/9/03/P03006.

[7] CHEN M,KOVALEV S,AWARI N,et al. Towards femtosecond—level intrinsic laser synchronization at fourth generation light
sources[]J]. Optics Letters, 2018,43(9):2213. DOI:10.1364/01.43.002213.

[8] KOVALEV S,GREEN B,GOLZ T,et al. Probing ultra—fast processes with high dynamic range at 4th—generation light sources:
arrival time and intensity binning at unprecedented repetition rates[J]. Structural Dynamics, 2017,4(2):024301. DOI:10.1063/
1.4978042.

[9] VALDMANIS J] A,MOUROU G,GABEL C W. Picosecond electro—optic sampling system[]J]. Applied Physics Letters, 1982,
41(3):211-212. DOI:10.1063/1.93485.

[10] ANGELOVSKI A,KUHL A,HANSLI M,et al. High bandwidth pickup design for bunch arrival-time monitors for free—electron
laser[J]. Physical Review Special Topics, 2012,15(11):112803. DOI:10.1103/PhysRevSTAB.15.112803.

[11]  EAE. &5 B | 7 o g a4 v 0 B A% | % 7 v 5T [D]. db & 1 fE K2, 2017, (WANG Wei. Electro—optic methods of
longitudinal bunch characterizing for high—brightness electron beam[D]. Beijing,China:Tsinghua University, 2017.)

[12] WU Q,HEWITT T D,ZHANG X C. Two—dimensional electro—optic imaging of THz beams[J]. Applied Physics Letters, 1996,
69(8):1026-1028. DOI1:10.1063/1.116920.

[13] WANG Xinke, CUI Ye, SUN Wenfeng, et al. Terahertz polarization real-time imaging based on balanced electro—optic
detection[J]. Journal of the Optical Society of America A, 2010,27(11):2387-2393. DOI:10.1364/JOSAA.27.002387.

[14] KIM J W,JUNG K Y,KIM C,et al. Progress in ultrafast fiber lasers for ultralow—jitter signal sources[C]// Proceedings of SPIE the
International Society for Optical Engineering. San Francisco,California,United States:SPIE, 2012:823715. DOI1:10.1117/.12.907213.

(T 508 11T)



