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Background and Motivation

l First suggestion that isomers might be 
produced in laser plasmas was 235U 
Izawa and Yamanaka (1979) - claims of 
NEET not reproduced in Russian 
experiments

l Collins’ claim to have de-excited 178m2Hf 
(1999) – potential for clean (relatively) 
energy source. Unproven but rekindled 
interest in direct photo-excitation and 
NEET

l Development and availability of CPA 
lasers – especially high-rep rate systems 
for high intensity experiments.

Isomeric decay of 235mU from natural 
U target following laser irradiation –
Isawa and Yamanaka (reproduced 

from Phys Letts 88B (1979)



The UK is well placed with respect to CPA lasers

l High rep-rate ‘table-top’ systems
l RAL – ASTRA
l Strathclyde – TOPS
l Plus systems at QUB and IC

l High energy ‘single shot’ with coupled long 
and short pulse capability
l RAL – VULCAN
l AWE – HELEN

l All with current upgrades in the pipeline
l ASTRA-GEMINI, ORION etc

l But can they excite nuclear states?



Direct photo-excitation



Search for isomer excitation in 181Ta with the 
ASTRA laser facility 

L Robson a P McKenna S L Hanvey a K W D Ledingham a

Dept of Physics, University of Strathclyde, Glasgow , G4 0NG, UK
a) Also at AWE plc, Reading, UK 
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Mehdi Tarisien, Mathias Gerbaux
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Tantalum Excitation – A V Andreev

GGGG9/2- »»»» 6.7 x 10-11 eV

�

max = 1.7 x 10-18cm2

6.2 keV

9/2-

7/2+

181Ta

181Ta - low-lying nuclear level 6.238 keV
6.8 � s lifetime

Laser Parameters:  lll l = 616 nm, tttt = 200fs, d = 3mmmmm, 
E = 0.3 - 0.7mJ, I ~ 1-4 x1016 Wcm-2

NaI Detectors 5 cm 
from source,  

�

=0.07 sr

A V Andreev et al, JETP 91, 1163 (2000).

Ta target



Andreev results

Typical signal from detector at 
target normal

Number of events for Ta - W

(a) (b)

A V Andreev et al, JETP 91, 1163 (2000).

Total number of nuclei excited = (2 ± 0.5) x 10 4

Fit of t nuc  = 8.7 ms 



Dielectric 
mirror

Gold 
mirrors

Retro-
imaging 

Diagnostic

125 mmmmm mylar
vacuum 
windows

Laser In

Ta

f/3 parabola

52 cm

78 cm

NaI detectors at 
45°°°° and target 

normal, 

5cm

55Fe

9cm
11°°°°

Experimental schematic for ASTRA

vacuum chamber

4mJ, 200 fs ~ 2x1016Wcm-2



Expected number of ggggdetected corrected 10                    3
for 138 mmmmm mylar and 25 mmmmm Mn filters

Number of Excitations per laser shot in 4pppp,  N* = 5 ́́́́ 105

specular         target                      
direction normal

Expected excitations in detector 2865 819
solid angle. ~ 0.06sr at 45° and 0.02sr at 00

Expected number of ggggdetected corrected          41 12
for the internal conversion ratio.(70)

Assumedefficiency of detector ~ 100 %

Summary of expected �¤�¤�¤�¤ signal

I = 4 x 1016 Wcm-2
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Typical spectra from NaI detectors



Data analysis – histogram for 100 laser 
shots - target normal
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Average half-life 
= 7.4 ± 0.4 ms 
Compare with Andreev t1/2 
= 8.7us
Compare with accepted 
value of 6.8 ms 



Conclusions and future work

q Decay curves of t1/2 ~ 7.4 ms measured  - substantial 
background - no conclusive gde-excitation

q Similar results from Bordeaux group (and Japan?)
q Comparison with W target – surface properties
q Analysis program improvements – include widths of 

peaks - Further statistical analysis

q Real key is
q More sensitive diagnostics (fast – shielded/gated 

detectors) 
q Separate the prompt x-ray signal from the isomer decay 

in both space and time



Rotating target predicted to give 10 5 times yield 
from Hanvey’s ASTRA experiment

Spohr et al. J Mod Optics 53 p2633–2640 (2006)

YAP(Ce) detector with 30ns 
afterglow should give high 
quality single photon energy 
and time spectra

Proposed experimental layout for TOPS 
laser at Strathclyde



Laser Excited gggg -Source of High Spectral   
Brightness

A. Andreev a,b), Yu.Rozhdestvenskiia), 
<ƒ.Platonova) A.Vankova), S.Chizhova), 

V.Yashina)

a) Research Institute for Laser Physics, St Petersburg

b) CELIA

An attempt at stimulated de-excitation of an 
isomer in a laser produced plasma

From Bordeaux workshop on laser-isomerproduction – Ma rch 2005



Energy level scheme of 84Rb isomer

Branching ratio from level 1 is 50:50

Excitation by 
x-rays from 

laser plasma

A A Andreev et al JETP 2002



Experimental setup for analyzing x-ray 
pulse from laser-produced plasma

600ps
Intensity 

1015W.cm-2

A A Andreev et al., Proc SPIE 4424, p.456 (2001).



Experimental results

a) Null shot                 b) with 84mRb secondary  target

Plasma x-rays >80keV

� signal



NEET



Nuclear resonant excitation in plasma : 
NEET process in 235U

(repeat of Izawa and Yamanaka experiment)

P. Morel, G. Gosselin, V. Méot (DPTA/SPN)

From Bordeaux workshop on laser-isomer production – March 2005



Application : 235U
l First excited nuclear state

l Resonant atomic shells : n = 5 and n = 6
l Our previous NEET measurement attempts

l Direct laser attack with the Phebus laser (CEA-R-5944, (2000))

l 300J, 3.5ns, 1.06mm, F 1mm and 2.8mm, I=1012 to 1013W/cm2

l l exp = Nisom / (NU5 x DT), 

lll l exp. < 4.1 10-4 s-1 (I=1012), lll l exp. < 2.7 10-4 s-1 (I=1013)

l YAG laser (Bordeaux) (G. Claverie et al., Phys. Rev. C 70, 044303 
(2004)).

l E=1J, DT=5ns, I=1013W/cm2 (same protocol)

lll l exp. < 6 10-6 s-1

No NEET created isomer detected under such plasma conditions



Experimental set-up (1) :

Laser (Nd:YAG, CENBG)
E = 1 J, l l l l = 1 mmmmm, 
tttt (FWHM) = 5 ns 

w0 = 25 mmmmm
I ~ 1013 W/cm2

Collector
(2mmmmm Al or Au)

High-sensitive channeltron
for low energy electrons measurements

ICC(F)=lll l e/lll l g g g g ~ 1020

Signature of NEET  
conversion electrons : 
T1/2=27min, < 60 eV

235U (93%)



One set = 30 lasers shots (after each shot, the target is moved on 100 mmmmm)

aaaa detectors

Electron detector
channeltron

Collector (Au, Al)

Mobile target
U, Au

Vacuum detector chamber

Vacuum target chamber Interaction beam (1J)

Probe beam (few mJ)

Photomultiplicator  
(target trigger motion)

1J, 5ns, 10Hz,   Nd: YAG 
laser, 1w-2w

Experimental set-up (2):

CCD

aaaa

e



Electron number versus time with Au target :
presence of exo-electrons (<2eV)

50 mmmmm Al collector

2 mmmmm Au collector

2 mmmmm Au collector
2V : rejection of exo-e

Noise level :
10e / 30s



Electron number versus time with U target : 
flat signal : no isomeric state is observed !!
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2 mmmmm Au collector, 2V : rejection of exo-e

Signal with mono and multiple-e

Signal with mono-e

Signal with mono-e 

+ rejection of e-a a a a signal coincidence

( � from 234U decay)



Experimental Summary

- rejection of « bad » electrons : exo-electrons and e- aaaa

- with 1J laser : U-plasma of 100 eV in the corona but c older in 
the dense plasma (around 10-20 eV)

- No isomeric excitation has been measured, but the
experimental data can set a maximum value for the NEET  rate 

- lll l NEET < ���� �� ��	�
���
���
� ��	 ��� � ����

in agreement with theoretical work ( 10 -9 <lll l NEET < 10-4 s-1 for 
20eV in the dense plasma)



Optimising Plasma conditions for NEET

Rose



1/2-, F

7/2-, I 

T1/2= 27 min 
76.8eV

E3

5d3/2
5d5/2, f

6p3/2
6p1/2, i

6p1/2

6d5/2
2) Te = 100eV, Q=23+ lll l NEET =10-1 to 10-6 s-1

77.3eV

Atomic levels 

1/2-

7/2-

E3

Nuclear levels 
M. R. Harston and J. F. Chemin, Phys. Rev. C 59  246 2 (1999)

1) Te= 20 eV, Q=10+ lll l NEET =10-5 to 10-9 s-1 (our plasma parameter)

The NEET Resonance requires accurate atomic 
transition energies – these change with ionization

PNEET=lll l IF/lll l i ~ 10-18

ICC(F)=lll l e/lll l g g g g ~ 1020

Signature of NEET :
electrons , 
Ne(t), T1/2

lll l i

lll l NEET

lll l e, lll l gggg



Optimising Plasma conditions for NEET

Resonance requires accurate knowledge of atomic transition 
energies.

Even for a given ion species there will be a distribution of energies 
while in a laser-plasma there will be a distribution of ions and LTE 
conditions are unlikely to hold, especially at low density.

Calculations of mean ionization for an 80eV U plasma using NIMP*:

Density 0.01g/cc 0.1g/cc

LTE 29.4 18.4

CRE 16.8 16.0

Most calculations to date have used LTE average atom models

A Djaoui and S J Rose (1992) J Phys B 25 2745-2762



NEET rate for several atomic transitions in 
235U

(P5 – P2)

(P2 – O5)

30 eV 70 eV

LTE



Relativistic Average Atom results ( 235U)

l Search for optimal reachable thermodynamic conditio ns in the 
LTE zone of power laser facilities (LIL, OMEGA, and  future LMJ)

l 2 résonant transitions : 6p1/2 ®®®® 5d5/2  and  6d5/2 ®®®® 6p1/2

P. Morel et al., Phys. Rev. A69, 063414 (2004)



Conclusion for NEET experiment with 235U

l NEET excitation rate is low (< a few 10 -4 s-1), in 
agreement with measured upper limits

l Very hard experimental measurement of the NEET 
process with 235U, under plasma conditions 
produced by a direct laser irradiation.

l A complete LTE calculation suggests 100J laser to 
produce 100eV in dense plasma – but non-LTE?

l Direct irradiation of 235U is undesireable.
l Search for new candidates : 205Pb, 193Pt or 201Hg

l higher temperatures 
l Non-LTE physics



NEET in 201Hg

NEET rate for 6s1/2-4s1/2in 
transition in 201Hg

Isomeric state 1.556keV (E2+M1)

Lifetime ~50ns.  ICC 105

Changed by removal of outer 
shell electrons

NEET occurs on 6-4 transitions

Resonance optimised for 

6s1/2-4s1/2 at Q=42+

6p3/2-4p1/2 at Q=44+



Discussion

l The evidence for nuclear excitations through photon uclear 
reactions (both direct and NEET) in laser-plasma in teractions is 
at best inconclusive.

l In the case of the direct process the recent propos al by Spohr
looks promising and it is hoped to field this at TO PS this year.

l In the case of NEET attention is focussed on the 1. 556keV isomer
of 201Hg

l None of the experiments to date have used the high flux of 
energetic (>MeV) photons from ultra-high intensity interactions 
to excite higher energy isomers

l Tuning the atomic transition energies in a plasma t o those of the 
nuclear transition may be possible but is difficult  due to the large 
number of different atomic configurations existing in the plasma
and likely to be exacerbated by non-LTE effects – BU T

l It might be possible to use the combined long and s hort pulse 
beams in ORION to generate a plasma in an optimised  state for 
NEET to occur in nuclei with much higher excitation  energies


