
Positron and  photo-neutron creation using a petawatt laser to irradiate 
high-Z thick targets

Edison Liang*, Rice University

*On behalf of the Rice, UTA and LLNL collaboration:
E.Liang1, W.Lo2, B.Cage1, S.Arora1, K.Q.Zheng1, H.Quvedo2, S.A.Bruce2, M. Spinks2, E. Medina2, A. Helal2, T. 
Ditmire2, S. Libby3, S. Willks3, A. Nikroo3, J. Nguyen3

1 Rice University, 2 University of Texas at Austin, 3 LLNL 
Supported by DOE OFES

Talk presented at the 2023 Nuclear Photonics Conf., Durham NC



Our Expt.

We used the f/3 beam in TC1 of TPW in Austin Texas 
~130 J, ~ 130 fs, up to 5x1021 W/cm2

Group Photo 2022
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History

• In earlier experiments at the Texas Petawatt (TPW) laser to study e+e- pair creation using high-Z 
thick targets, we discovered evidence that the gamma-rays consist of two distinct components: 
(a) hot electron bremsstrahlung emission in the form of an exponential spectrum, plus (b) a broad 
high-energy bump > 8 MeV.   This discovery was first obtained using our SAS gamma-ray 
spectrometer we developed together with MDACC.

• In 2022 we conducted new experiments at TPW to confirm and characterize the gamma-ray 
spectrum, using 3 independent techniques in addition to SAS: positron yield and spectrum, 
photo-neutron yield, and photo-fission yield of actinides, to independently confirm the gamma-
ray bump > 8 MeV.

• These results (a) confirmed the SAS results, (b) produced up to few x 1012 gamma-ray > 8 MeV 
( ~ 3 % of laser energy), (c) up to ~ 1010 photo-neutrons in most shots.

• Due to the short pulse (~140 fs) and narrow gamma-ray cone (~ 17o around laser forward (LF)) the 
peak emergent gamma-ray flux reach 1027 photons/cm2/sec and the peak photo-neutron flux 
reached ~ 1020 neutrons/cm2/sec. 
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Pure hot electron bremsstrahlung would emit ~100 times less
gamma rays > 8 MeV than we observed at LF



Similar Broad Gamma-Ray Features > 8 MeV was 
obtained independently by 2023 LANL experiments at TPW

MCNP Bremsstrahlung
Predicted spectrum
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NS merger

r-process threshold

≥ 1020

/cm2/sec

NIF

(Adapted from Chen et al 2019)



GDR cross-sections for (g, n), (g, 2n) and (g, fission) reactions
span 8 – 20 MeV. Hence photo-neutron and photo-fission yields
are highly sensitive to the gamma-ray fluence in this energy range.
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Pair creation and GDR cross sections have very different energy dependence, hence e+/n ratio provides sensitive
test of gamma—ray spectrum independent of absolute normalization.  Our data was consistent with the presence
of excess gamma-rays > 8 MeV and Inconsistent with a pure bremsstrahlung spectrum
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Note that the e- spectrum has a high energy tail above
25 MeV, with harder slope.  This is consistent with 
the presence of high-energy primary hot electrons
not fully attenuated by the thick target.  The sum of the 
e+ and e- peak energies ~ 16 MeV is consistent with
the peak of the SAS gamma-ray bump to within  1 MeV
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For very thick (~ cm)
targets, e+e- spectra 
almost Identical, 
dominated by pairs 
created within ~1 mfp
of target back surface.
Equal peak energies
suggest that sheath 
fields did not affect 
the peak energy.
Hence Epeak must 
come from gamma-ray 
spectrum



red: hot electrons only
blue: hot electrons 
+ gamma-ray bump
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Hot electrons +
only

e+ peak energy too low e+ peaks at observed
energies



From: Brandon Cage bpc3@rice.edu
Subject: Re: neutrons

Date: February 10, 2023 at 5:19 PM
To: edison liang liang@rice.edu

Professor Liang,

I have already sent both of these, twice now. No problem though, here they are.

3.29e+08 neutrons came out of the simulation with just the Hot Electrons.

9.00e+09 Neutrons came out of the simulation with just the high energy bump (This was what the bubble detectors saw, so it was
normalized to this.)

9.25e+09 Neutrons in the simulation with both.

Thank you,

Brandon Cage

only

Total number of blue neutrons ~ 1010

Total number of brown neutrons ~ 108

injecting vs



100 bubbles ~ 1010 neutrons / 4p
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GEANT4 time history of emergent neutrons from target back-surface based on detailed laser time-profile input.
We use such time histories and the observed total neutron yield to deduce the maximum neutron flux 

quoted in the third slide.
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15-DU TPW Shot:  counts/sec/channel  at 18:06 vs 19:18

~ 20 min after laser shot

~ 100 min after laser shot

1436 138Cs ?

1385 92Sr ?767 134Te ?

641 142La ?

566 134Te ?
403 87Kr ?

196 88Kr ?
Cts/s/channel

166 139Ba ?



Decay curve of beta-decay bremsstrahlung continuum is
consistent with (g,n) isotope yield produced by  ~1012 gamma-rays 



From: Brandon Cage bpc3@rice.edu
Subject: Re: neutrons

Date: February 10, 2023 at 5:19 PM
To: edison liang liang@rice.edu

Professor Liang,

I have already sent both of these, twice now. No problem though, here they are.

3.29e+08 neutrons came out of the simulation with just the Hot Electrons.

9.00e+09 Neutrons came out of the simulation with just the high energy bump (This was what the bubble detectors saw, so it was
normalized to this.)

9.25e+09 Neutrons in the simulation with both.

Thank you,

Brandon CageWith minor moderation, the photo-neutrons can strongly overlap the resonance of 6Li(n, t)4He



Future Projects

1. To ascertain & explain the physical origin of the gamma-ray bump.

2. Manipulate and optimize the > 8 MeV gamma-ray yield and 
spectrum

3. Applications of the enhanced emission of gamma-rays ,
positrons and photo-neutrons.



15 MeV     ~few keV 15MeV 
electron         x-ray           g-ray

Inverse Compton
Upscattering ?

Expt. Data requires Pscatt ~0.1.  

eo =17 MeV/(4g2) eo =15 MeV/(4g2)
Requires ex=few keV

ex = eg /(4g2) 

Under special conditions, inverse Compton upscattering may work


