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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 (~ 17° around laser forward (LF)) the
peak emergent gamma-ray flux reach 10%” photons/cm?/sec and the peak photo-neutron flux
reached ~ 102 neutrons/cm?/sec.
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GDR cross-sections for (y, n), (y, 2n) and (y, 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.




Setup of TPW Experiment

TC1
Setup

laser forward

glass portholes

SAS, FSS, MS positions will be varied
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TPW laser parameters of our 2022 60-shot run
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light patterns from different monoenergetic gamma-rays are clearly distinguishable
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Typical hot electron spectra from TPW shots
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Positron spectra of targets thicker than 5 mm all peak at 7.5 MeV +/- 1.5 MeV
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Pt~ 1 cm thick slug
Shot11658 e+ spectrum
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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.
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come from gamma-ray
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Emergent Gamma Ray Spectrum at 5 Degrees -
injecting Hot Electrons and High Energy Gamma-rays
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Positron Spectrum at Laser Forward - Hot Electrons only
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100 bubbles ~

1019 neutrons over 4n

Bubble Detectors
#1 Angle #1 Bubble Count #1 Angle #1 Bubble Count #3 Angle #3 Bubble Count L]
forgot to activate bubble detector forgot to activate bubble detector Iﬁuu'gm to activate bubble detector

Laser Forward 0°: 201; 90°: 214 194, 179 left side of door ~ 0F: 151; 90°: 149 108, 119  opposite door 0°: 137; 90°: 142|130, 135
Laser Forward 0°: B6; 90°: 83 #9, 85 left side of door 0°: 26; 907 : 26 29,25 opposite door 0°: T6; 90°: 78 72, 80
Laser Forward 0°: 209; 90°: 214 236, 191  lcfi sideof door  0°: 148; 90° : 153 163, 173 opposite door 0°: 133; 90°: 126 150, 162
Laser Forward 0°: 182; 90°: 189 188, 205  left sideof door  0°: 153; 90° : 147 150, 150 opposite door 0F: 131; W0°: 134 117, 129
Laser Forward 0r: ; 9 N/A left side of door 0 ; W° N/A opposite door 0r: ; 9 NA fi
Laser Forward 0°: 259; 90°: 244 297, 237  lefisideofdoor | 0°: 131; 90°: 132 121, 137 opposite door 0°: 177, 90°: 185 142, 159
Laser Forward 0°: 125; 90°: 132 126, 119 left side of door 0F: 92; 90°: #6, 90 opposite door 0°: 89; 90°: 91 89, 91
Laser Forward 0°: 158; 90°: 147 147, 144 left side of door 0°:92; 907 : 84 B, 84 opposite door 0°: 100; 90°: 101 95, 101
Laser Forward 0°: 197, 90°: 204 | 210, 210 | left side of door  0F: 136; 907 : 141 160, 158 opposite door 07 161; 90°: 164 152, 151
Laser Forward 0°: 139; 90°: 153 188, 177 right side of door 0°: TH; 90° 84 89, 90 right side of pipe 0°: "128; 90°: 124 138, 145
Laser Forward 0°: 205; 90°: 200 196, 207  right side of door |~ 0°: 114; 90°: 105 104,99 right side of pipe 0°: 151 ; 90°: 165 162, 155
Laser Forward 0°: 111; 90°: 120 148, 134 left side of door 0°: 87, 90°: 8% 86, 91 right side of pipe 0°: 128; 90°: 133 131, 122
Laser Forward 0°: 219; 90°: 209 207, 229  lefi sideof door | 0°: 155; 90°: 159 168, 158 opposite door 0°: 164; 90°: 149 163, 144
Laser Forward 0°: 136; 907: 126 121, 115 right side of door 0°: 83, 90°: 79 64, 67 right side of pipe 0°: 141; 9%0°: 132 117, 133
Lascr Forward  0%: 104;90°: 105 96,97  Opposite LF 0849080 7375 Right side of opposi (0 154 000 174 110,123
Laser Forward 0°: 136; 90°: 134 119, 126 Opposite LF 0°: 64; 90°: 65 64, 54 Right side of oppc 07 81; 90°: 92 74, 76
Laser Forward 0°: 125; 90°: 119 98, 109 e of flange to the left.  0°: ;81 907 94 83, 84 Right side of flange  0°: 73; 907: 82 75, 91
Laser Forward 0°: 219; 90°: 215 213, 194 Lefi sideof door  0°F: 102; 90°: 98 84, 81 Opposite door 0°: 97, 90°: 97 101, 102
Laser Forward 0F: 90; 90°: 94 72,77 right side of door 0°: 47, 90°: 48 51, 49 right side of pipe 0°: B4; 90°: 83 TR, ®0
Laser Forward 0°: 121; 907: 123 103, % left side of door 0°: 65; 9W0°: 65 67,75 opposite pipe 05 TR 90791 92, 99
Laser Forward 05 113; 90°: 117 109, 110 Ipposite laser forware 07 61; 90°: 63 58, 63 Right side of opposi 0°: 87; 90°: B2 85
Laser Forward || 00 907 ... 199,194 Jeofflangetotheleft 00900 150,137 forgottoputon O 9 NA



Re, Pt or Au gamma-
ray converter
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Decay curve of underlying continuum
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Next Projects

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

Explore r-process element production

Explore tritium production using photo-neutrons



Isotropic Neutron Spectrum -
Hot Electrons and High Energy Bump
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