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Motivation and History

• In earlier experiments at the Texas Petawatt (TPW) laser to study 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 below ~ 8 MeV, plus (b) 
a broad high-energy feature > 8 MeV.   This discovery was enabled by the newly invented SAS 
gamma-ray spectrometer.

• In 2022 we conducted new experiments at TPW to confirm and characterize the gamma-ray 
spectrum, and used photo-neutrons and pair production to independently constrain the gamma-
ray spectrum > 8 MeV.

• These experiments (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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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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I = 4.7e+21 W/cm2

TPW laser parameters of our 2022 60-shot run
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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
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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
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100 bubbles ~ 1010 neutrons over 4p
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Decay curve of underlying continuum 



Next Projects

1. Redo DU photo-fission studies using HPGe spectrometer to better 
identify the primary fission products.

2. Explore r-process element production

3.   Explore tritium production using photo-neutrons



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


