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Abstract

Photocathode RF guns have been used as high brightness electron sources. Measurement of the pulse duration of
photocathode drive laser in deep UV wavelength is quite important to estimate the electron beam properties generated
from the RF gun. The pulse duration measurement has been performed by using streak cameras, which is quite expensive
and difficult to use. The autocorrelation technique has been commonly used for pulse duration measurement of laser
pulses. Two-photon absorption has been utilized as the nonlinear process in the autocorrelation measurement of short
pulse laser beams in deep UV wavelength region. In this study, deep-UV autocorrelator utilizing the two-photon
absorption in a sapphire plate as the nonlinear process was developed. The developed autocorrelator was used for
measuring the pulse duration of ps-deep-UV laser pulses which has been used for driving photocathode RF guns in the
free electron laser facility at Institute of Advanced Energy, Kyoto University. As the result, the pulse duration of deep-
UV laser pulse was measured as 5.8 £ 0.2 ps-FWHM. The influence of laser intensity on the measurement results is also

reported in this paper.
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Figure 1: Basic setup of intensity autocorrelator used for
laser pulse duration measurement. MS: Movable Stage,
BS: Beam Splitter, FL: Focusing Lens, NC: Nonlinear
Crystal, PD: Photodiode.
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Figure 2: Schematic diagram of UV autocorrelator
utilizing the two photon absorption in a sapphire plate as
the nonlinear process. BS: Beam Sampler, MS: Movable
Stage, FL: Focusing Lens, SP: Sapphire Plate, ND:
Neutral Density Filter, PD: Photodiode.
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Figure 3: Photograph of UV autocorrelator.
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Figure 4: Variation of pump laser transmission as the
function of the longitudinal position of a sapphire plate
(2 mm thick) and pulse energy of the pump laser.
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Figure 5: Typical measured results of autocorrelation
measurement of UV ps-laser at KU-FEL with a 2-mm
thick sapphire plate. (a) Recorded voltage of the
reference detector and signal detector during a
measurement. (b) Normalized voltage of the signal
detector by the reference detector. (c) Measured
transmission change as a function of temporal delay of
probe pulse and fitting result.
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Figure 6: Measured pulse duration of UV ps-laser with
different thickness of the sapphire plate.

Table 1: Measured Pulse Duration of UV ps-laser with
Different Thickness of the Sapphire Plate

Thickness of Sapphire Plate Measured Pulse Duration
0.5 mm 7.0+ 1.3 ps
1.0 mm 5.8+0.2 ps
2.0 mm 6.8+ 0.3 ps

42 BRI IERE T ORE R R

vafh UV L— A EOFFEZZE(LSE, UV
L—YOMREEEINSEHE, A —halb—raJllE
FEROENKELLENT D, 2mm JEOV 77 A7 Hethia
=855 o R R 701 E RS 5% Figure 7 (2R, W
TrAT FEMRICAI T AR T IO AT 2L F— )
18wl DM T CIRATRO@D, K77 m—7 %
BA— =T T U5 T TO BRI EE L, b
ARRIEIE LTS3 5511 TV, L, 7L AT

- 1002 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

FNX—R28 U 12725l T a—T VAR T L
AZIDBBICAT SIS A IR 2 DEVDBLG 3
BUNEST, ESBITR IOV AT L — 2B
S, 68 W LpHl, Ta—T AR T IEEOBEIICA
UK T o—T e OFEBERBIRT 5L BIR
DEIES T, ZNHDOBIG AT LR ERILA %%
AT 2TPETHLN, BLERE TINLOBI RO F
RDFNT NV ARRNEEATOTDITITAR L 7 TR 23
NI T DM ERHHENIFTHD,

1.6

Pulse Energy of Pump Pulse = 18 uJ

1.4} |
%12 ./ 28 uJ
>
) 1
>% 68 uJ
08
06}

1 1 1 1

-30 -2lo -10 0 10 20 30
Delay of Probe Pulse [ps]

Figure 7: Autocorrelation results with different pump pulse
intensity. The sapphire plate thickness was 2 mm in this
measurement.
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