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3. Pulse radiolysis



=

ISIR, Osaka Univ.

1. Recent renewal of linac facility

Prof. G.Isoyama group:
R.Kato, Y.Honda, S.Kashiwagi

Technician:
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ISIR, Osaka Univ.

38 MeV, L-band linac
N

Used for

Pulse radiolysis
FEL, SASE
Positronium Annihilation Lifetime Spectroscopy

.
30 MeV, S-band photocathod RF-gun linac



= 4

ISIR, Osaka Univ.

= | Recent renewal

* RF system
— Klystron
— Pulse modulator for the klystron
— Wave guide system
— Three amplifiers for the sub-harmonic buncher system
— Master oscillator

* Magnet system

— Power supplies for the Helmholtz coils, the bending magnets, the quadrupole
magnets, steering coils.

« Computer control system
e Timing system
e Facility
— Interlock system for radiation safety
— High precision cooling water system (< =0.03° C)

— High precision air conditioner for the klystron room
— AVR for the AC200V line for the klystron modulator
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| Klystron ISIR, Osaka Univ.

* Previous system

— 5 MW Kklystron (Toshiba,
E3775A) for the prebuncher
and the buncher _

— 20 MW Klystron (Thomson, TV- |
2022A) for the acceleration tube.

 New system

— 30 MW Kklystron (Thales, TV-
2022E) for the all.
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w " Pulse Modulator for Klystron = —

- V. =295kV,I_ =275A

e Pulse Width 4 us/8 us
— Long pulse mode for FEL

— 2 modes changeable by remote control.
* Flatness of the flat top < 0.2 % (< 0.1 %)
* Pulse-to-pulse fluctuations< 0.1 % (< 0.05 %)
» Repetition

— 60 pps for the short pulse mode

" —ri'
1 -:::jffss\\N\*t\ﬁ b

— 30 pps for the long pulse mode

* Inverter type HV generator
— Stable and efficient

e Thyratron Switch
— To be replaced with SSD

« Remote control using FL-net.

2ABO3 AT
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ISIR, Osaka Univ.

PRS10 Rubidium Frequency Standard

- Ultra Low phase noise (<-130 dBc¢/Hz at 10 Hz)
- Time-tags or phase-locks to a 1 pps input

- 72 hour stratum 1 level holdover

- R$232 for diagnostics, control and calibration

- Long lamp life and established reliability

- Low cost ($1495, Quantity 1, U.S. list)

he PRS10 is an ultra-low phase noise 10 MHz
rubidium disciplined crystal oscillator.

The device fulfills a variety of communication. syn-
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Computer control system —

Interlock PC Operator Terminal-PC Gateway Server
HUB
PLC Pannel in the Control Room (CNT-DCS) Ethernet PLC Pannel in the Linac Room (LNC- DCS
I HUB FL_net Cl_nct HUB I
| |
Safety System . L _I
Interl)clJ cky PLC Linac Room PLC 1 Control Room PLC 1
including an emergency Linac Room PLC3 Control Room PLC 2 FL- net Linac Room PLC 2
stop button and a key (LNC1-DCS) (CNT 1-DCS ) (LNC2- DCS- 1,2,3)
switoh) (LNC2- DCS- 3 (CNT 2-DCS )
i Injection Trigger - —
Doors, Radiation Monitors, " System _> Klystron Modulator RF-Amplifier-PS o T:‘p';f; 9
Instruments § ,
w
£ i RF-Buncher-Attenuator,PS - ¥
3 — Subharmonic Buncher | Beam Profile Monitor-1~3
§ Faraday Cup 1~3 Controllers RF-PreBuncher-Attenulator,PS i
>
108MHz Electron Gun - - ”
Master Oscillator ™ Electon Gun HV-PS (EG) eam Shutter-
GPIB | — 4
Video Switcher Gate Valve-1~6
lon Gauge-PS1~3 Analyzer Slit
RS232C CCG-4,Dual-5
RS232C Helmholtz Coil-
RS232C Beacn;r?rrfec;rsli':‘ol:]nch PS-PB,B,A1,A2
5 p—— Gauss Meter
peration ignal
RS485 Bending Magnet-
Steering Coil 2- = PS-A1
PS-1~8 -
Quadrupole Magnet-
RS485% 0 A1~
Quadruple Magnet- Steering Coil (FEL)- ‘L PS-A1~4
PS-F1~5 -F5~ =
Pe s s Quadrupole
o485 S
’ F1,2
Helmholtz Coil- Steering Caoil 1- Rmi

RS485

e ]
PS-S1~8 T Ps-1-8 |E
L [ o)
Steering Coil (FEL)- "_
RS485
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ISIR, Osaka Univ.
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ISIR, Osaka Univ,

2. S-band photocathod RF-gun linac

Prof. Y.Yoshida group:
J.Yang

Prof. S.Tagawa group:

T.Kozawa



Photochathod RF-gun linac
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ISIR, Osaka Univ.

PN

H

< Synchlorize
ps laser i N T S fs Laser -
.‘\\ 7 oy b y ’{

—

—

Accelerator

Photocathod RF-gun

Magnetic pulse
compression
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ISIR, Osaka Univ.

ps laser
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ISIR, Osaka Univ.

3. Pulse radiolysis

Prof. S.Tagawa group:
S.Seki, T.Kozawa, K.Kobayashi, K.Okamoto, A.Saeki
Prof. Y.Yoshida group:

Prof. T.Majima group:
M.Fujitsuka, N.Ichinose, S.Tojo, K. Kawai
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ISIR, Osaka Univ.

History of Pulse Radiolysis at Osaka Univ.

ns system ps system (stroboscopic)

UV, Vis 1994 Laser-linac synchronized, 1995
NIR, 1995 Vis, 1998
Low-temp, NIR, Vis, 1997 Pulse compression, 1998
IR, 1998 Jitter compensation, 1999
UV, Vis, ns-ms, 2001 Improvement of S/N ratio, 2001

IR

NIR

Vis

uv

v

PS ns LS ms



ns pulse radiolysis

LlNAC (L-band electron linear accelerator)
28MeV 8nsc

Gun

Cryostat
Oxford Instruments

Optistat DN \

Lig. Nitrogen: Temperature

Control

BeamCharge

v
Beam Catcherv

Monochromator

Signal

Sync. Circuit
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ISIR, Osaka Univ.

Si / InGaAs Detector

Wavelength Range

Trig.

250nm~2100n



ns pulse radiolysis
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ISIR, Osaka Univ.

asurement.

Mode | 2 4 dlata [B+L/L/B/Back]
3 Beam and Light

Dose
Charging Time 142,51
Averaging times|
Explorer

I

A\

(nm)

‘ r3=30
< W= 50

KK
shot | Auto o

GET DATA

Normalized Do sel=100)

Wizne Min

Manual

WaveStep

Waive hMax

Present Data

in Visual Basic
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ns pulse radiolysis —

A Kkinetic trace in wide dynamic range can be measured on one pulse irradiation

AA
|

0 L I L 4
0 Time (usec) 2
(SCN),~ Time (psec)
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Stroboscopic pulse radiolysis

ISIR, Osaka Univ.

Highest time resolution 800 = 50 fs
Monitoring wavelength 790 nm

Elystron _ _
Light Detection

systern

SHPE armplifier

Time jitter
Magnetic pulse compensation system

Master
Oscillator Optical

Linac Control delay
panel

Trigger
Generator
With Synch.
Circuit

Pulse generator

GPIB p To other devices such as
oscilloscope and so on

i cleanr

X




Streak Camera etc Oscilloscope etc

GPIB GPIB
-ENET -ENET
HUB

b
sk
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Osaka Univ.

Subpicosecond TP

Vertical : O.D.[arb. Ux

Vex: 0.009 odidiv Hox: 41.4 psiliv.

GLEAR
Back Ground
GET,
TIMING-1
[E=
TIMING-2
=

Time Spectrum
Vertical : O.D. [arb. Unit] Horizontal : Wavelength [nm]

Vex: 0.009 odidiy Hox: 50 m/div

EXIT

[ B Laser

Beam

Beam IV #fiBh

Laser

[

. 466058e-+002
506 72e+001
682360 7e+001
|000000e+000
|000000e-+000
040000e-001
|000000e-+000
|000000e+000

Repeat 49,50 Ave:dd

| EXIT

Absorption

Small€<(5)
GLEAR

Streak Ranee

Beam Noise|Laser Noise|| ¢ 20ps
. i Bips
_‘4_”0'53 £ 100ps Beam
Average | B0 3:  200ps
i B00ps
Repeat | 50=] AUTO SET
Streak Dialog MEASURE
PS5 Dislog SAVE | Laser
Trigeer Dialoe PRINT |
0.0. Dialog

HAMAMATSU

Femtosecond Streak Camera

Streak Time(psf10mm) Focus

mmE

@

Normal

Exit |

Giet Ose

Ensemble

Resolution

Frrr
LILILILL #m

etc

J

in Visual C++
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ISIR, Osaka Univ.

=" Improvement of S/N ratio

Fluctuation WhICh comes from mechanical vibration of laser cavity etc.

—12 ns

This differencecauses | [ | Nearly same amplitude
degradation of SN ratio ‘

D.M.Bartels et al., J.Phys.Chem. A, 104, 1686 (2001)
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Improvement of S/N ratio —
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ISIR, Osaka Univ.

Improvement of S/N ratio

0.07 0.05
0.06 |
0.04 |
0.05
2 2
@ 0.04 | w 00|
& 3
3 003 | T 002 |
8 o0.02 S
= ..g- 0.01 |
<3
/o) 0.01 S
0 0
-0.01 : ‘ ‘ ‘ ‘ ‘ ‘ -0.01
=50 0 50 100 150 200 250 300 350 -50 0 50 100 150 200 250 300 350
Time [ps] Time [ps]
Before improvement After improvement

T.Kozawa et al., Jpn. J. Appl. Phys., 41, 4208 (2002)
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ISIR, Osaka Univ.

Fluctuation of Beam Position

Laserpulse 14 gj Photo detector

Electron beam BPM  Current detector

Sample
==

Cherenkov radiation

To Streak camera

Diagram of BPM calibration experiment

0.60

50
oa | . 0 =0.18 mm
X 40 | L.
_. 020 .
E S L
£ g 30
~ 0.00 £
E = 20 |
@ 520 =
-0.40 | 101
-0.60 0 |
0 500 1000 1500 2000 2500 3000 3500 -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60
Measurement number Deviation of beam position (mm)

Beam position calculated by pickup voltage and a,=8.52 Deviation of beam position and Gauss fitting
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Calc. about effect of beam position on O.D. RO U

<Algorism of BPM calibration>
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5t oo s

[Optical Density], = logl—?

mesh _num

ZgL('xn’yn)

n=0, f;(x,,,)<0

I =

mesh _num

ZgL(xn’yn)+

n=0,f;(x,,5,)<0,f5(x,,y,)>0

mesh _num

3 g, (x5, xexpl-a g,0x,,0,))
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- IR g (x,y,)=  ———exp —”—fj”
OKdér Lo B o, N2 20;

[ 200 55

(Gauss Function)

mliEs = ————
e

~r IFHEE
(O
il o e s

—r BHZEE
(O
R T

a= I 15

T= I 15

~r LFHEREF —
¢ L
© 3aM

~r BFHER R —
o+ r_BF
Lol Yol e

e[ 10

Al
x|

— T
& EfETEE
0D

FIRRE

o

gB(xn’yn):

O N2
B

1
exp

(1, —d) (B
20,

] (Gauss Function)
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Calculation result of BPM —

Simulation parameter

o L boundary | ¢ B boundary
g L (mm)/c B (mm)) h(mm) condition condition (<)
Parameteri 15 15 00 radius 15 mm | radius 30 mm -g
_Parameter2 15 30 00 radius 1.5 mm | radius 3g _mm %_
£
- Almost no effect! <
2
1.0 ©
( :
o
o 08
o
S
p 0.6
=
S
. 0.4
=
= 02
o
0.0 "
o0 0 20 20 0 Hole on cell holder
d (=separation between centers of each circle) [mm]
d v.s. Relative value of O.D. Image of position correlation between laser and beam

— parameterl; parameter2
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= Additional Summary

L-band linac was renewed and the renewal was
completed in May 2004.

It will become a powerful tool for establishing bases
of nanotechnology.

The nanosecond & picosecond pulse radiolysis have
been developed.

The available wavelength of these system will expand
and cover the range from UV to IR.



