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Abstract

Pulse radiolysis is a method of time-resolved absorption 2 PULSE RADIOLYSIS SYSTEM
of the chemical spieces. It is ablerteasurethe reactions

in the timerangefrom sub-ns to ms. The highest tim :
resolution has been achieved up to 100 ps. Mamgary 2.1 Conventional system
processes irthe timescale of ps or evesub-psare still The pulse radiolysis system consistspafsed radiation
remained to bénvestigated. A new sub-picosecond pulsand analyzing light sources together with a
radiolysis project at Nuclear Engineering Research synchronization system for them. Irconventional
Laboratory (NERL), University of Tokyo, isunder systems, the 35 MeV linac is used as the pulseleztron
construction. Generation of a sub-ps electron single pulseurce. The analyzing lighsre cw andoulsed which are
and a fsTi:Sapphire laser puls&ndthe synchronization selected according tthe time region of target reactions.
of them within 1ps will be inevitable for this purpose. The electron pulseand analyzinglight are synchronized
by the electrical devicesncluding the delay units and
1 INTRODUCTION phase shifters. Change of the analyzing lighér passing
the sample solution and a monochromatodetected by a

is very useful and powerful to study chemical reactions fffotodetectoanddisplayed orthe oscilloscopegombined
addition to laseiphotolysis. Alarge number of theate With the computer fordata acquisition and analysis.
constants of the reactions has beeeasured ananuch APSOrption of the analyzing light obeys thembert-Beer
knowledge has beesccumulated ifiquids, especially in law,

aqueoussolutions. Therefore the pulse radiolysisnethod 10gs, (1o /1) = g,c I . ,(l)
has been applied twarious subjects such amdical wherel,, |, & | andC arethe intensities of thanalyzing

reactions in biology, medicine and atmospheric chemistijght without and with absorption, a molar absorption
and radiation effects in nuclearechnology. At NERL, coefficient, the length of the sample cedind the
Univ. of Tokyo, intensive work using the pulsadiolysis concentration of species of interest, respectively.

method has been carried out not onlyaijueoussolutions 1 he time resolution of this system determined by the
but also in organic liquids and polymeric systems [1, 2]. speed ofthe detectionsystem, thephotodetectorand the

There aretwo electron linearaccelerators (seBig. 1), °Scilloscope. This systersan achieve tosub-ns only
both of whichcan providesingle psand sub-pselectron when the fastdetector andoscilloscope are utilized.
pulses. Much effort has been done to reach the higher tifféerefore, a
resolution. The time resolution of the pulsadiolysis
method has attained th00 ps. Many primaryrocesses, Gunipb?/lgnNL
which characterizeradiation induced reactions, such as e
solvation of g;, anions and cations, geminate ion o ;
recombinationandthe formation of theexcited states in stseygce.nr;g?;1 N
organic liquidsetc., arestill remained to benvestigated. T M
These reactions take place the time scale ofps, even '

It is widely recognized that the pulse radioly®ishnique
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processes of radiationinduced phenomena, the |1iomhz o Trigger PUIsd 73 aser] [New fs Laser Systen]
development of the experimental systewith much SR
higher the time resolution has been expected.
In this paper, the present pulse radiolysis system and Fig. 1. Synchronization system

new system with time resolution of pand sub-ps is

presentedvhich under construction at NERL. Details of stroboscopic method, stalled apump & probe method,
the new system igpresentedtaking into consideration should beintroduced toperform the experiments in a ps
several technical subjects which affect the time resolutioacale.
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2.2 Present system was adjusted bymonitoring both the laser pulsand the
Cherenkov radiatiorpulse associatedwith the electron
pulse with thefemtosecondstreak camef&ESCAZ200,
Hamamatsu). The total time resolution ésaluated as
around 10 ps (rms), which determined bythe widths of
the electron (5ps(rmsgnd laser pulses(65fs(rms)), the
timing jitter of the electrical synchronizationdevices
(about ps), the timeelay betweenthe electronand light
pulses after passing through the 1.8 cm water cell.

The stroboscopimethod (seé-ig. 2) wasdeveloped by
Hunt in 1968 for the first time. In thisiethod Cherenkov
pulses associated with electron multi-pulsese used for
the analyzing lightsand the precise synchronization
between Cherenkoand electron pulses is automatically
fulfilled. Here, theelectronand Cherenkov pulsesan be
assumed agpump and probe ones, respectively. The
intensity ofl, can be obtained bysing alead block in

front of the sample to avoid irradiation aing takenunder 21100 ps Experiment
irradiation after the optical delay line whican adjust the Ooajigiggg‘gg?ﬁom tnereportpa® 2| Bepored 4 o b
time delay [5, 6]. o o, e O 3200008
As mentioned beforesingle ps electron pulses are g %% < 2, § 232 iﬁfﬁ% 150003
available and the single 65 fs (rms) light pulse is also fed ooz w ° 1 3 oo0sbum 1100003,
. . . o 7 H 3
by the Ti:Sapphire laser at NERL. laddition, the =< o}<2° < 4 <o ' 15000 &
synchronization of the electrandlaser pulses with the — ;.[° i 0 i° =
time jitter of less than 4 ps (rms) is attainable as shown 1000100200 -0.020chselus b sl 00 o
in Fig. 3 [3]. As the preliminary step, thgicosecond Time [ps] Wavelength [nm]

pulse radiolysis system was set up as showfign 1 ] . ) )
beforeintroducing the new one which idiscussedater. Fig. 4. Time profile of g Fig. 5. Optical spectra ofe
The preliminary experimentsvere done to check the

feasibility of the new system. 3 NEW PULSE RADIOLYSIS SYSTEM
The fundamentallight pulse of 790 nm from the L )
Ti:Sapphire laser was splitted into two pulssedfor a 3-1 Synchronization systegsee Fig. 1)

referen_ce and aanalyzinglight detected bythe two PIN  Eor further development to achievéigher time
photodiodes. The first measurement is to waich thesoytion, several technical subjects which govern the
temporal behavior of théiydratedelectron at790 nm. (ime resolution should beonsidered.These factors are
Another was a measurement of the spectrum of thgssifiedinto the two: the widths of thelectron and
hydratedelectronusing a optical multi-channednalyzer analyzing pulsesandthe timing jitterbetweenthem. As
(OMA) based on aftethe generatiomndsplitting of the ¢, the width of electromulse, psand sub-ps pulses are
white light produced bythe focusing of th€undamental , ailable by using the SHBuncherand the magnetic
light in a water cell. Here, the two white light pulsesre compressing system, respectively, at present. The
used as theeference andnalyzing lights, whiclwere fed analyzing light is fed from the newly installed fs

into two optical fibers. The OMA consisting of the tWOTi:Sapphire (44fs(rms), 0.3TW, 790nm) laser.

photodiode arraysvhich are sensitive to thewavelength In the present system the synchronizatidevices
region of from 200 to 1000 nm is a kind @haging rovidethe trigger pulses to the thermionic electron gun
spectrograph. and the Ti:Sapphire fs laser so that its timing jitterdly
becomes down to 1 ps. Therefore, the new
W geaminjecton 50 0=3.7ps (rmg synchronization method is required. The fs laser figit
1 I e 40 the new Ti:Sapphire laser is splitted into two pulses,
g 30 which are usedor electron pulse generation at tlaser
0 Time/~ps 3 20 photocathode rf-gun [74nd analyzing light. As the two
Absorbance 0 laser lights are produced from the same sourcetintiag
10 jitter should be rather small.
0 Next, the timing jitter from other sources densidered.
0~ﬁ Time/~ps "1510-5 0 5 1015 The first is the jitter from theccelerating process in the

Time difference [ps
[ps] linac, namely the fluctuation of thecceleratingf. In the

resent system, the two klystrorese used and the
uctuation from the two klystron attributes theming
jitter. In the new system, only one klystron witigher
power (15MW) Is employedThis can reducemutual rf
fluctuation of the two klystrons. The stability of the
modulator voltage of the klystron also contributes to the
timing jitter. It can be saidhat the timing jitter of the
new systemwould be ramarkably suppressesimpared to
that of the present system. Of courpegciseinspection

Fig.2. Stroboscopic method  Fig.3. Synchronization oﬁ
35L linac & Mser

Obtained results are shown figs. 4and 5. Inspite of
the not enough S/N ratio, the formation of thydrated
electronhaving thepeak at720 nm wasconfirmed. The
experiences obtained #tis systemareuseful to the new
system. Thealelaywasadjusted bythe delay line of the
cable. The timingoetween the lasend electron pulses
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3.3 Measurement systé&Rig. 6)

Fig. 6. Measurement system of sub-ps pulse radiolysis
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Total time resolution igletermined byboth thetiming
jitter of synchronizatiorandthe error in the measurement
devices. Since the white light for probedbtained by the
non-linear conversion from the fundamentdight
(44fs(rms), 790nm), the jittewould be 100 fs (rms) at
most. The accuracy of the delay line such as the
reproducibility of the mechanical stage cauadsditional
fluctuation. Furthermore, the timeéelay between the
electronandlaser pulsesafter passing through a sample
cell because ofhe difference oftheir travellingspeeds in
the medium must beonsidered. It is cleafrom the
equation (1)that the thinner sample ceilhtroduces the
smaller signal ofabsorbance. Therefore, imust be
selected the optimal cell length.

4 CONCLUSION

A new sub-picosecond pulse radiolysis projecN&RL,
Univ. of Tokyo was introduced comparing with
conventionaland presentsystem. By this systendirect
measurement of the phenomena in the thaege from
sub-ps to ns, for example, electrealvation, geminate
ion recombination in organic liquidand migration of
electrons between organiand aqueousphase etc., is
expected.

2604



