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Abstract Pulse radiolysisand flash photolysis experiments are
complementary. Pulse radiolysis excels in creatorgs
New accelerator techniques haweade it possible to and in mimicking the chemistry thatan occur inreal-
make shorterand shorter electrorpulses. If appropriate world systems such as waste storage tamkkbiological
detection techniqueare available, these pulses make itsystemsafterthe impingement of ionizing radiation. In
possible to measure many important sub-picosecond sych systems, theoncentration of reactants is vdrigh

chemical processes. e proposing aracceleratorsys-  and sothe chemistrycan occur atimes less than a few
tem that can be used to measure imporsaiitpicosecond picoseconds.

chemical processes, such as solvation, vibratimeiaka- The important chemistry that needs study jasnpted
tion, excited state relaxations and molecular the Argonne Chemistry Division to propose a new pulse
fragmentation. radiolysis facility. We envision a facility that will be
used by the entire radiation chemical communityprobe
1 INTRODUCTION important chemical processes. In tlpaper weshall

It has long been known that radiation daducehighly ~ discuss
Comp|ex reaction Chemistry_ At Argonne Natiohabor- ° The Chemical and PhySiC3.| Processes that can occur.
atory, one of the first pulse radiolysis experiments wds The design criteria for the facility.
done! In pulse radiolysis a short pulse of ioniziraglia- * Some of the specific experiments that we plan to do
tion is used to create radicals and ions and the evolution of
this chemistry is then observed. 2 PHYSICAL AND CHEMICAL

In the more than 35earssince the first pulse ra- PROCESSES
diolysis experiments, the time resolution of pulse ra- Figure 1 displays a simplified picture of ttwemical
diolysis hasincreasedrom microseconds tainder 5 ps.  andphysical processes thean occur afteradiolysis. If
With the advances in accelerattechnology, it is now there arehigh concentrations of reactants, thegn easily

possible to push the time resolution to below g@ompete with relaxation fragmentation and solvation.
picosecond.
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Figure 1: Schematic of the physical and processes occurring after radiolysis.

As onecan segfrom looking at the figurethere are 3 THE DESIGN CRITERIA FOR THE
many processes that witiccur attimes wheretime reso- FACILITY

lution better than the 5-30 ps thare presentlyavailable
in radiolysis experiments.

Recently there have been several reports of sub-pico-
second pulses from linear accelerafoidoweverthe goal
of our project is todevelop a sub-picosecomlise ra-
iolysis facility. This means that ieremust be asuf-
iciently large concentration of species creased 2) there
must be adetection techniquéhat can make use of the
short pulseandthat will be of sufficient generality to

* Work performed undethe auspices of th®ffice of Ba-
sic Energy Sciences, Division of Chemical Science, U
DOE under contract number W-31-109-ENG-38.
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make meaningful measurements for a large variety
chemical systems. In addition, vadthe desire to make
a facility that would be usable for mogeneral experi-
ments and would not be limited to sub-picosecond
experiments.

The initial design criterion was toreate asystem that

plilse width of a@ew hundredfemtosecondstoo short for
injecting electrons into an accelerator.

The synchronization between the light and dtextrons
can be assured bieeping the length of the ceduffi-
ciently short. If we assumerafractive index ofL.5 for
the sample, then thdifference intransit times for the

could be used for optical absorption measurements. Optiectrons and the light will be less than 0.5 ps if shm-

cal absorption is applicable to a large varietycloémical
systems. While single shot kinetismuld be ideal, such
measurements at short timgcales are very difficult.
Streak cameras areinsuited to such measurements.

typical experimental layout is shown in Figure 2.
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Figure 2: Pump probe measurement technique.

This figure shows a simple pump-prothetectiontech-
nique. The time that the light strikes the aah be al-
tered bychanging the length of the opticaklay line.
Thus time resolutiordependsonly on thewidth of the
electronpulse, the light pulsendthe synchronism be-
tweenthem. Time resolutiortan then bereduced to a
distance. For 1 ps, a distance of 0.3 mnméededgasily
measured andontrolled. A similartechnique could be
usedfor fluorescence detectiamsing upconversion or for

4-wave mixing techniques such as CARS (Coherent An

stokes Raman Scattering). These techniques nmsdeof
the availability of a synchronized laser.

3.1 General Requirements

To make use of the resolution available from width
of the accelerator pulse, it is necessary to

ple length is less than 0.3 mm londhere is nodiffi-
culty in creating a cell of that depth; the primaiifficulty
is that such a short cell will limit the amount of optical

Aabsorption.

The most difficult problem will be the synchronization
betweenthe light andthe electrons. While thelectrons
andthe light should besynchronizedwhen theelectrons
areformed, they may not besynchronized athe exit of
the accelerator. Becauseghe compressor works bghan-
ging the transit time through the magnets as a function of
electron energy, anything thahangeshe energy of the
electron pulse will change the time at which #bectrons
strike the cell relative to the light pulseThese can in-
clude differentamounts ofenergy in the accelerating
waveguides and the synchronization of the laser palae
tive to the RF of theaccelerator. For examplecalcula-
tions suggest that a shift of 1 ps in the timibetween
the RF and the laser can yield a shift of 0.5 ps intrdme
sit time.

Table 1 shows theroposedpbulse widths. Thdarger
pulses will be very useful for experiments whsatond
order reactions are studied \wwhen weakly absorbingpe-

cies are formed.
Table 1 — Pulse characteristics.

Pulse Width Charge
0.6 ps 2nC
1.0 ps 5nC
3 ps 10 nC
8 ps 50 nC
45 ps 90 nC
30 ps 25 nCqresent linac)

32 Detection Options

A large variety of optical detection techniquers avail-
able that will make use of thgynchronized probdight
source. Figure 2 shows the experimental layout for opti-
cal absorption. Theiagramsuggests that the laser that
ejects the electronvill be used asthe detectionlight
source. This isclearly an oversimplification because

e Havethe pulse width of the probe laser pulse to bgechniquessuch as opticgbarametricoscillatorscan pro-

less than the width of the electron pulse.
« Havethe electronpulse and the acceleratompulse be
synchronized as they pass through the sample cell
* Keep synchronization between the linac pwdsd the
laser pulse
The width of the laser will bearrowerthan theelec-

duce awide variety of wavelengths thatan be used as
probe sources. With the high powers available, contin-
uum generation can be usedhich will provide a white
light source that can be used as a probe light source.
Presentpicosecond experiments hawsed Cerenkov
light as the probe light. Experiments using thi®be

tron pulse. In fact, one of the problems will be stretchingource have been limited in signal-to-ndiseause of the

the laser pulse to a width that is appropriate for injectirghot-noise limit.

electronsinto the accelerator. Modertaserswill have a

With daser available as a prolight
source, the signal-to-noise should be much larger.
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Fluorescence can ldetecteckither using a streatam-
era or fluorescencaipconversion.  Withfluorescence
upconversion, onean impinge the fluorescencesignal
andthe probe light on a crystal. The prdight source
can act as an optical gate that will sampleftherescence
when the probe light is there.

4.2 Chemistry before Relaxation

Radiation will produce radicalgpns andhighly excited
states in fluids. In traditional chemical experiments, the
concentration of additives is low so that the reactions with
the additiveswill occur much more slowly than the re-

With the availability of intensesynchronized probe la- |axation of theexcited statesand highly excited vibra-

ser pulses, all theophisticated techniques available injonal states of the solvent.

laser spectroscopy may lbsedwhen appropriate.
well-known technique isCARS spectroscopywhere the
vibrational state of a moleculean be measuredsing
visible spectroscopy.

4 SCIENTIFIC GOALS FOR A SUB-
PICOSECOND PULSE RADIOLYSIS
FACILITY

As stated in the introduction, pulse radiolyaiiflash

photolysis are complementary techniques. While the time

resolution of flash photolysis has always begrater
than pulse radiolysighereare experiments thatre best
done using pulse radiolytic techniques. These include:

However, when ¢brcen-

One tration of reactants ishigh, one will have reaction com-

peting with the relaxation process. Without an explicit
understanding ofhe relaxation processes, it then is not
possible to predict the final chemistry.

We have tried to summarizefew of the experiments
that will requirethe very fast time resolution of a new
facility. In such a shorspaceand inthis forum further
details are not appropriate.

5 SUMMARY

In this short discussion we have tried to summarize our
design goals for a subpicosecond pulse radiolysis facility.
We have tried to show that such a facility is more than a

Studies of the primary processes in radiation chemistgort pulse -detection techniquesiust be taken into ac-
can only bestudiedusing these techniques. The kineticgount when designing the facilityecausehe goal is to

of the geminate recombination reactions of the electron jfake chemically significant measurements.

water has beestudiedusing lasers.
that the rates of these reactiatepend orthe photon en-

Waeve

It has been shownried to highlight a few fields of study for the future.

Details on the machine design have begiored in the

ergy producingthe hydratedelectron’ This means that present discussion. Information about thesign process
the spatial distribution of the electron depends on the phgan be found irthe paper byHans Bluemand coworkers

ton energy. Thusherewill be no straight-forwardcorre-
lation between the laser experimeatslthe radiation ex-

periments. These recombination reactidapend on the

distance distribution that is created in the ionizategnt

and the distribution depends on the source of ionization.

Laser studies have been very effectivestndying the
solvation of excited states(dipole solvation). However

until radiation chemical techniques were used to stqu/

solvation, ionic solvation was nobeasured. The unex-
pected differencesbetween ion solvation and dipole
(excitedstate) solvatiorwereonly discoveredwith pulse
radiolytic techniques.

lonization by laserslepends orthe optical crossec-
tions while ionization by ionizing particledepends on
the number of electrons present. Thegterenceswill

in this conference. Details about the laser design can be
found in the paper by Robert Crowell and his coworkers.
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