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Construction of 
a ultra-fast pulse radiolysis system

and
its application



Ultra-fast pulse radiolysis system
Projects;

BNL (LEAF), Univ. of Pari-Sud (Elyse), 
Univ. of Tokyo, Sumitomo Heavy Industries, Waseda Univ., Osaka Univ.
Shanghai Institute of Applied Physics, Bhabha Atomic Res. Centre (approved)

Ultra-fast pulse radiolysis system

≤ ~ps pump-and-probe;
Laser photocathode rf-gun & fs laser

Radiation chemistry
Time resolution in pulse radiolysis

Velocity difference in sample
relativistic electron: c
laser pulse: c/n (n: reflective index) 

1 mm H2O = 1 ps

Photochemistry
Time resolution in laser photolysis

pico second → femto second
no velocity difference in sample



Wave guide
(7.5MW, 10Hz 

S-band RF) Full cell Half cell

Cathode (Mg)

Beam
(4-5MeV, 3nC,)

cooler than thermionic emission
up to 4MeV by gradient of 100MV/m

Laser
(~100mJ, 4-6ps, 

φ=3mm at Mg, 10Hz)

2 getter, 2 ion pumps (140dm3): <10-10Torr

3ω
795nm

265nm

Photocathode RF-GunPhotocathode RF-Gun



Ultrafast Pulse Radiolysis System at NERLUltrafast Pulse Radiolysis System at NERL

Laser photo-
cathode RF gun

 Accelerating Tube 
Chicane

BS
(50%)

RF

18L Linac
Compressor

x 6

Temperature control within 1 deg,  Clean room (class : 10,000)

 Stretcher  Regenerative Amplifier 
with Pulse Selector

 Ti:Sapphire Oscillator 
 with Kerr Lens
Mode-Locker 

 Timing Stabilizer 
at 9th Harmonics

 Diode Pump Laser 

Trigger Pulse

Compressor
THG 

 Multi-pass 
 Amplifier

Fs Ti:Sapphire Laser System
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Master
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To Streak Camera
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Precise synchronizationPrecise synchronization
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Cherenkov
pulse

Laser

ImprovementImprovement
pulse to pulse jitter: <500fs(rms)

- Stabilized RFs ← passive mode-lock
- Simulation by PARMERA : 330fs(rms)

long time drift
(1) Cooling system for ACC: ∆T < 0.01K
(2) Temp. control in rooms: ∆T < 0.5K
(3) N2 gas in 50m transport line ← vacuum

Synchronization experiment
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Synchronization between electron beam
and laser measured by FESCA
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Growth of hydrated electron  at 700 nm

Time resolution: δtotal
δtotal = δdiff + (δE

2 + δL
2 + δsync

2 )1/2

dominant factor: δdiff
← refractive index n=1.33
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Re-evaluation of G(e-
aq) at ps timeRe-evaluation of G(e-
aq) at ps time

G(eaq
-) measured at 795 & 633nm

Pump & Probe at 795nm
Kinetic measurement at 633nm

with a He-Ne laser

G(20ps) = 4.2±0.2

Stroboscopic method Kinetic method

Y. Muroya, M. Lin, G. Wu, H. Iijima, K. Yoshii, T. Ueda,
Y. Katsumura; Radiat. Phys. Chem., 72, 169-172 (2005)

Can. J. Chem., 80 (2005) 1367

G (time)
1970 Tront ---
1973 Tront 4.0 (30ps)

4.0 (30ps)
1973 ANL 4.1 (200ps)
1975 Tront 4.6 (dry)
1976 ANL 4.6 (100ps)

4.1 (1ns)
1985 Hokkaido 4.8 (30ps)
1996 NDRL

& ANL
4.8 (100ps)

1999 ANL 4.0 (time zero)

Primary G=2.7; established
reported Initial G： 4.0~4.8



G of solvated electron in alcoholsG of solvated electron in alcohols
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Procedure of G-value determination
(1) H2O measurement at 700nm
(2) Dose calculation
(3) Alcohols measurement at λmax

OD at 1100nm is smaller

0.00

0.05

0.10

0.15
550nm

1100nm

EG

0.00

0.05

0.10

0.15
1,2-propanediol

600nm

1100nm

e-

G(MeOH) = 4.1 @50ps
G(EtOH)  = 3.6 @50ps

Dose : 37Gy 1100 nm epre
- ~600 nm esol

-



Radiation chemical study on 
supercritical water



What is supercritical water (SCW)?What is supercritical water (SCW)?
Tc > 374 °C, Pc > 22.1 MPa

Subcritical
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Temperature dependence of 
some water properties at 250 bar

Temperature dependence of 
some water properties at 250 bar

density ionic product

dielectric constant viscosity



Application of SCWApplication of SCW
(1) Chemical reactions

- high solvency of organics, tunable conc. of  H+ and OH-

(2) Hydrothermal synthesis - solubilities
(3) Waste oxidation; SCWO (supercritical water oxidation)

- quick (sec - minute) and complete (>99.9%), 
PCB, dioxin, chemical weapon …

- high solvency of organics and oxygen
(4) Radioactive waste reductions

- high solvency of organics and oxygen; solubilities
(5) Biomass conversion - high solvency of organics
(6) Plastic degradation - high solvency of monomers
(7) Synthesis of nano-particles - low solubility of salts
(8) Supercritical water-cooled reactor



Supercritical Water Cooled Reactor 
(SCWR)

Supercritical Water Cooled Reactor 
(SCWR)

Reactor

Turbine/Generator

Reactor

Turbine/Generator

Reactor
Steam-water 
separation system

Recirculation 
system

Turbine/Generator

Reactor
Steam-water 
separation system

Recirculation 
system

Turbine/Generator

Reactor

Steam generator
Pressurizer

Turbine/Generator

Reactor

Steam generator
Pressurizer

Turbine/Generator

• High thermal efficiency  (≥44%)
• Compact, small volume and simple structure
• Proven technologies (LWRs & SCW fossil plants)

→ highly ranked in economics

inlet temp. 
250°C

outlet temp. 
>500°C

SCWR ABWR PWR



Importance of the radiation chemistry of SCWImportance of the radiation chemistry of SCW

(1) Chemical reactions in SCW & SCF
T (°C), p (Mpa), ρ, pKw, ε, viscosity, diffusion…

(2) Interests from radiation chemistry
ε (dielectric const), Onsager radius…

(3) Fundamental data for SCWO
OH , HO2 reactions

(4) Theoretical subjects
solvation, spectrum change, hydrogen bond, 
reaction…

(5) Development of supercritical water-cooled reactor
G-values of water decomposition, rate constants



Experimental set-upExperimental set-up
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Pressure: 40 MPa
Temperature: 500 ºC



Hydrated electron; eaq
-Hydrated electron; eaq
-

Peak position shifts with temperature
At room temp.; 720 nm

→ 380 °C;  ≈ 1200 nm
Water density is not normalized

Time profiles of eaq
- in 

supercritical water D2O at 
400°C.

54Gy/pulse, 1200 nm



Absorption spectra of e-
aq at 400 °CAbsorption spectra of e-
aq at 400 °C

Solvation is 
controlled by the 

density; number of 
the surrounding water 

molecules.



sample:
0.5 mM MV2+

0.1 M tert-BuOH
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M. Lin, Y. Katsumura et al. 
J. Phys. Chem. A, 108, 8287 (2004)
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Pressure (density) dependence of G-valuesPressure (density) dependence of G-values
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M. Lin, Y. Katsumura et al. 
J. Phys. Chem. A, 108, 8287 (2004)

Solution:
0.5 mM MV2+

0.1 M tert-BuOH
or

0.1 M EtOH



Density dependence of G-values up to 450°CDensity dependence of G-values up to 450°C

N N BPY

4, 4’-bipyridyl



G(e-
aq) as functions of density and temperatureG(e-
aq) as functions of density and temperature



Critical points for several compoundsCritical points for several compounds

compound Tc (°C) Pc (MPa ) ρ  (g/cc )

H2O 374.2 22.1 0.322
me th ano l 239.5 8.10 0.272
eth ano l 240.8 6.15 0.276

1-p rop ano l 263.6 5.18 0.274
2-p rop ano l 235.2 4.76 0.273

CO 2 31.1 7.38 0.468
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Peak shifts of solvated electrons
in different alcohols

Peak shifts of solvated electrons
in different alcohols



Thank you for 

your kind attention !
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