RIKZH

Laser-SR synchronization system for
ultrafast x-ray diffraction at SPring-8

Yoshihito Tanaka
RIKEN/SPring-8, CREST, JST

---Members---
Tetsuya Ishikawa
(Chief Scientist RIKEN/SPring-8)
Yujiro Hayashi
(JRA/RIKEN, D2/Kyushu Univ.)
Tomoyuki Kirimura
(JRA/RIKEN, D1/Yokohama N. Univ.)

Hideo Kitamura
(Chief Scientist RIKEN/SPring-8)

Toru Hara
(Senior Researcher RIKEN/SPring-8)

CREST project members

iNgs-8




1. Introduction
Snapshot by ps TR-XRD at SPring-8

2. SR-Laser synchronization
2-1. Synchronization procedure
2-2. Picosecond timing control in SPring-8
2-3. Control of the repetition rate

2-4. Optical switching of X-rays by using lattice
expansion of single crystal

3. Sub-picosecond TR-XRD




SPring..8

1. Introduction

Picosecond time-resolved X-ray diffractometry

Pump and probe method

Snapshot!

Synchronization between Laser and SR X-ray pulses
is required for taking a ‘‘snapshot”.
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SR-Laser synchronization systems in SPring-8

BL29XUL BL19LXU BL17SU BL40XU
lkm-long beamline  27m-long undulator  Soft x-ray beamline CREST beamline
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Diffractometer X-ray streak camera

m-long

. BL19LXU EH2 Femtosecond pulse laser system
in-vacuum undulator
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Example of pump-probe experiment at SPring-8

X,/ Analyzer

& mﬁaAs single crystal

Laser _ (a) Laser OFF (b) t<0 (~-5ps) (c) =180 ps
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Snap shot !
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2. SR-Laser Synchronization

2-0. Time structure of SRs in SPring-8

X-Ray Pulse | Sus(round trip)-§
X-ray pulse width: 40ps 2ns

40 ps (FWHM) /\ /\ /\ B /\ /\ /\ )

®2435 2436 1 oo © 2435 2346 1

Rep. rate: S

200 kclz-509MIHz WM SRCVAVCYCVAY

Electron Bunch

Examples of filling pattern

oosmmma USmA!hmh 04mAfbmnh ISHWW 0.3 mA/ bunch 1.5mA/ bunch
(©)
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Top-up operation

Bunch current 12 hrs. after injection
Bunch mode: 2/21+18single

[u—
<
T

100 | 200

80 150
E
60
40 t
20 F

o 4]
01/29 01/29 01/30 01/30

=
o o]

-
L) T L)

100

Lifetime {(hour)

50

12.00 1800 0000 08:00

o R

p—
[
=
=
N’
o
~
—~
1S
-
o~
o
e’
o

<
o
L)

l 10 100

<
QO
J—

Bunch current (mA/bunch)

“'\ ng AK *'| “ J‘\ \H MM

Current [mA]
Lifetime (hour)
Intensity (cps)

1800} 1
U .......... lossswalususy lossouy 1y ouuy losssulosuss 1

05/23 05/23 05/23 05/23 05/24 0 60 120 180 240 300 360 420 480
00:00 06:00 12:00 18:00 00:00 Time (min)

SPring..8

=D




2-1. Procedure for SR-Laser synchronization

STEP 1

: Precise timing (phase) control

* Required precision <<40ps -
bk

Laser X-ray SR

O0At<<tx for Tx>TL

STEP 11

* Dependent on recovery time
in target phenomenon

I/frep > T ~1 ms
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2-2. Picosecond timing control

Synchronization scheme

RF master oscillator . )
Mode-locked Ti:sapphire laser with external trigger from a RF
(RF bUCKet) master oscillator of the ring

1
Cavity length = SO °

/6 "

Jf,: Frequency of RF master oscillator

0 Output timing of amplified laser pulses is controlled with a counter
SR (Electron bunCh) and a delay pulse generator

1
(Repetition rate = f, ~1kHz)

2436x 209 "0

RF Master Oscillator
N
508.58 MHz

MHz RF Cavity Electron

Undulator 4 Bunches

Storage Ring _»

; = -.L'.{'A 5

)
: Monochromator
Laser Oscillator 130 fs

Laser Amplifier

Laser




Performance of SR-Laser
Synchronization in SPring-8

RF master oscillator
(RF bucket)

(a) Laser to RF master oscillator

SR (Electron bunch)
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Jitter (ps)

@) JADY - (A =/ 15 - 4.42 = 14 ps (FWHM)

(b) /(AP - (AEOY =/ 5.07 - 4.4 = 2.4 ps (FWHM)
At? : Oscilloscope jitter (FWHM)
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Performance of SR-Laser  GIES
Synchronization in SPring-8

RF master oscillator
(RF bucket)

(b) RF master oscillator vs. SR

SR (Electron bunch)

. Beam loading effect Phase 1s stable and 1s
dependent on the address
RF Voltage of RF bucket

Output timing control of
amplified laser pulses, as

1
repetition rate = —
P 2436 < 209 fz]

@ Electron energy loss
Dependent on the undulator

power l

Max. 2 ps-shift for 1 undulator

RF Voltage

Feedback circuit according to
the total undulator power




(b)-1 Beam loading effect

10 bunches
+1/12 filling

7100 200 300
Time (ps)
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(b)-2 Radiation power dependence

Storage Ring
14 Undulators ((a)open/(b)close)  Electron

RF Cavit -
y Undulator Streak

with fixed gap Camera

(a) Open undulator gap

RF Voltage for
Acceleration

A

—

[ ; Phase Difference

(b) Closed undulator |




Performance of SR-Laser
Synchronization in SPring-8

Beam loading effect

=1

RF Voltage

=
[=}

RF master oscillator A
(RF bucket) N

@ Electron energy loss

- e o
S &

Number of Events
=

0 Lot

20 -10 0 10
Jitter (ps) RF Voltage

<=2 SR (Electron bunch)

Intensity (arb.units)

0 15 30 45 60 cf.) Y.Tanaka, T.Hara, H.Kitamura, T.Ishikawa,

Time (min)

Long-term stability Rev.Sci.Instrum., 71, 1268 (2000)

<%2ps




(a) Pulse selection by
mechanical chopper

Gate > 400 ns

(b) By electronic gate

 Avalanche photodiode

Gate > 5 ns
* Gated CCD camera

Gate > 100 ns

Laser and SR
APD
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The filling pattern available for the pulse selection

Mechanical
chopper

0.4 mA/ bunch 1.5mA/bunch 93 mA/ bunch 1.5 mA/ bunch

160 bunch train
} X 12

\

Fllllng patterns in SPring-8




2-4. Optical switching of X-rays by
using lattice expansion in GaAs

Bragg condition
A=2d sinb
Relation between Bragg peak shift
and lattice spacing
AG=-(Ad/d)tan Gy

Peak shift to smaller angle

v

Lattice constant : larger

v

Lattice expansion with
a response time of 200ps

Intensity (arb.units)

Intensity (arb.units)

Time (ps)

(a) Time-resolved rocking curves
(b) Time-dependence of diffraction intensity
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Extraction of single X-ray pulse from SR pulse train by fast X-ray shutter

Beam splitter
Laser

Switch ON

ON OFF

L .
Optical delay Sci"‘“*
Angle Y >

SR » Fil
Switch OFF et

ON OFF

Angle

Intensity (arb.units)
tn
=]

Time (ns)

Ref: Y.Tanaka, T.Hara, H. Yamazaki, H.Kitamura, T.Ishikawa, J. Synchrotron Rad., 9, 96 (2002)
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Extinction depth-dependence of time- R
response of X-ray diffraction

Development of faster X-ray shutter ===  Generation of short
T SR () TR ORI 2 X-ray pulses

Laser

SR—)%OAIM
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mchronization

Laser

SR
0.73pm

GaAs 400
0 500 1000
G/n Time (ps)

Laser
SR
2.98um

GaAs 800
G /n

Intensity (arb.units)

Intensity (arb.units)

500 1000 Y. Tanaka, T. Hara, H. Kitamura, T. Ishikawa:
S The Review of Laser Engineering , 30(9), 525-530 (2002).




3. Sub-ps TRXRD

Forthcoming ultrashort pulsed x-ray sources

 Free electron laser (TESLA, Stanford, SPring-8...)

SASE=(Self Amplification of Spontaneous Emission)

SPPS (SLAC) SPPS=(Sub-Picosecond Photon Source)
width:80fs(fwhm) jitter:260fs(rms)

e Slicing (LBNL)

e Crab cavity (SPring-8)

e Switching (APS, SPring-8, ...)

e Energy recovery linac (Cornell, KEK...)

How about the synchronization for sub-ps pulses ?

* = = *Synchronization of two lasers with 28 fs precision
(Miura et al. Appl. Phys. B75(2002)19)
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We will give up sub-ps synchronization==-!?

Post Processing
Record of shot-by-shot timing

Single shot .,

cross correlation 4,
. B0\

| ¢
'«(‘—f;l
Atl ¥‘__,:,’? LY
 { \

At2 At3 > At

At1




Time-to-space converter (TSC) for
shot-by-shot timing measurement

At=(z/c)[sin203/sin(65+0) ][cos(Og-0)+cosO, |
05=19.0 deg.

0, =9.4 deg. At=(z/c) X 2.01
o =18.4 deg.

4mmX2=c*27ps

ity (arb.units)

Intensi
)
~J

P

' Time-to-space
<] conversion

1000 1500

Y.Tanaka, S.Muraki, T.Hara, H.Kitamura, and T.Ishikawa, AIP conference proceedings 705 (2004) 1379.



Post Processing using TSC

===Correlation between timing and diffraction intensity---

Record of shot-by-shot timing

CCD array 1 CCD array 2

Shot

No.n A/U\

Shot

No. n+1 ﬂ j\ ]ﬁk
20

Pulsed X-Ray Beams
CCD Array 1 ¢

i Optical Delay

A Beam Splitter
Asymmetric —_—
Reflection

Pulsed Laser Beams

CCD Array 2




4. Summary
Light sources Time-resolved measurements

Laser-induced lattice
SR-X-rays dynamics,

(Storage ring) Ps

+ SYAMCHEONIZAION Phase transition,

Short pulse laser

Sub-ps X-rays by Shutter

optical shutters Sub=psh
SsynchrEmzation

Sub-ps X-rays

from new sources POSHPrOCESSIng




Ultrafast X-ray diffraction method
was now proposed !

Waiting for success of ultrashort pulse
generation at SPring-8-- - =

> Nakazato-san’s talk




Thank you for your attention




