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Outline

* History of photofission cross section data
* Livermore and Saclay

e Measurements at HIGS
* 223U(y.f), 222Uy, 1), 2°Pu(y.f), 2°Pu(y.f)
 238J(y,n) activation

e Results

B Lawrence Livermore
National Laboratory LLNL-CFPRES-2011892 1
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Historical Photofission Cross-Section Measurements

» Systematic photoneutron 7" o@glép  Pareffin Moderator
. SEM
measurements for most nuclei RC 1 /&

performed at two labs: Camma Boam 5t > TR
* Saclay (France) AT % \ o

Target

SRR

* Livermore (USA) 19BF, Neutron
Detectors
TS ST

* Similar approach:
* Quasi-monoenergetic y-ray beams

* Detect neutrons with rings of
moderated thermal neutron oD ? |
detectors PUSErEL s

J. T. Caldwell et al. Nuclear Science and Engineering, 73(2), 153-163 (1980).
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Reaction Channels Extracted From Photoneutrons
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” - C e e b ow e W w Livermore and Saclay across the nuclear chart
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238U(y,F): Evaluators Must Choose Between Discrepant Data
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239Pu(y,F): Single Monoenergetic Measurement Above 12 MeV
Region: 5.0 <= E < 30.0 MF=3 MT=18

0.40 -
—— |AEA/PD-2019.0
0.35 - A.S.Soldatov, (92)
¥ A.Shapiro, (71)
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0.5 $ M.A.PV.DeMoraes, (93)
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[ ® \V.V.VARLAMOV, (07)
E 0.201 \
1%
=]
® 0.15 - \
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No Saclay data for this nucleus, evaluations have a single measurementto rely on.
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Modern Photofission Cross-Section Measurements at HIGS
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New Approach: Fission Detection Without Neutrons

238 deposits
* Neutron detection is hard ~100 pg/cm? e Activation measurements at select
s L e e energies
 Foil package with %7Au, 238U

» 237U has 6.7 day half life, 208 keV y ray

» 1%Au has 6.2 day half life, 355 keV y ray

* Disentangling
photofission neutrons
from (y,n), (y,2n) and
(y,3n) is harder

* Detect fission fragments
with ionization chambers
instead

e >97.5% fission detection
efficiency

C. Bhatia et al. NIM A 757, 7-19 (2014).

Lawrence Livermore
National Laboratory LLNL-CFPRES-2011892 7
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Photofission Experimental Layout

197Au, 238U activation

target holder
* Four DFCs loaded

with a pair of foils 235U 2381 239py 240py 235 & 238
with same isotope

* 0.5” diameter active
deposits
* One DFC with
235U +238U pair for
beam divergence
characterization

e 1” diameter active
deposits

Lawrence Livermore
National Laboratory LLNL-CFPRES-2011892 8
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High Intensity Gamma-ray Source (HIGS)

* Beam energies: 7 - 19 MeV
* 0.25MeV steps 7-17 MeV
* 0.5MeVsteps17-19 MeV

* Energy spread: 3% FWHM

* Flux on target:

This is why we can have
<100 pg targets and detect
fission fragments

H.R. Weller et al. Prog. Part. Nucl. Phys. 62, 257-303 (2009)

FEL mirror

B Lawrence Livermore
National Laboratory LLNL-CFPRES-2011892 ©
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HIGS Experiment February 26" — March 7t", 2025

74 hours of HIGS PAC beamtime 2381J(y,n) activation energies
HIGS-P-10-24 (Pl Sean Finch) e v TR o
* Two FEL wavelengths required to e
span the full energy range [ 5 197 veussiere . '
« 540 nm: 7-13 MeV ooo;% ]
* 460 nm: 13-19 MeV : j r % - j
* Mirror change halfway through f - %oo%gfj ¢¢¢ i I
*» 7MeV < E, < 19 MeV 2 oo Mol
* 0.25-MeV steps up to 17 MeV E Ll on *q:qamqj lo.os
* 0.5-MeV steps up to 19 MeV [ %ga”ﬁm '
* Six 238U(y,n) activation | ﬂ&moogogp Prgsent Work |
measurements T e T:

Incident Enorguy (Mol)

l Lawrence Livermore
National Laboratory ~ LLNL-CFPRES-2011892 10
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Constraining Uncertainties: Actinide Target Masses

150: ¢  Previously Reported 10: O  Previously Reported
. - | 4« Spectrometry 98| 1 «Spectrometry
145 B
° Th ree in d e p en d e nt - | @ 2rnGas Counting 9.61 ® 21 Gas Counting
. 140 | Y ray Counting - | ¥ yray Counting _
met h O d S. : ®  Averaged Result ++. 9'4:_ ®  Averaged Result + Y l
 Low geometry a g% | g2 + :
spectrometry §130;— #_ #- c;"’g &
. B , 8.8
* 2t gas counting 125 H. 56l T
. B ¢ - O 'm
* y-ray cou nting 120 | 8.4r | ++ '
115 f— v 8.2 ;_
e Better than 1.3% g | | | of
uncertainty for all U #83 *°U#84 *°U#101 *°U #103 *Pu #106 ***Pu #107
targets
J. A.Silano et al., Nucl. Instrum. Methods in Phys A 1063, 169234 (2024).
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Measuring the HIGS y-ray Beam Flux

* Mirror Paddle * Large Nal detector for calibrating absolute
e Scintillator observes backscattered radiation flux
from y-ray beam passing through mirror

* 1 Paddle

* Thin scintillator directly in beam

 ~100% efficiency

e Au activation foils for validation

Mirror

Paddle 0
FEL Cavity Cu Attenuators 1-Paddle « ”
5 R Fission Chambers Molly” Nal
e ey Beaml I . H ______________ T O A .
[ Collision ] KA g - . af . )
. + 38U
Point vwwyvy v v v Collimator v EI Au o
Activation
O Samples
Cu Attenuator
E Lawrence Livermore
National LaboratOry LLNL-CFPRES-2011892
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Results

e Photofission cross-section ratios
* All targets in the beam simultaneously, flux cancels out

* Depends only on relative actinide target masses, fission counts, and a few minor
corrections

 Can be measured to higher precision (1.6 — 3.2%) than absolute cross sections
* Valuable for nuclear data evaluations

* Absolute Photofission Cross Sections
* The main goal, with 4 - 6% uncertainty

° 238U(y, n)

l Lawrence Livermore
National Laboratory ~ LLNL-CFPRES-2011892 13
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23°U(y,f)/%38U(y,f) Cross-Section Ratio

20771771 T T T T T T T T T

» HIGS2018+,
_ v HIGS2025
28 L A ENDF i

*f, E JENDL | Same DFCs,

) different configuration,
different targets

3.0 |

2.6 |

24

22 Krishichayan et al. Phys. Rev. C 98, 014608 (2018)
20 _ S. Finch et al. Phys. Rev. C 107, 039906 (2023)

18 |

235238 Ratio

1.6 |

14

1.2

6I718.9.10.11]12I13l14l15l16117.18 19]20
E, (MeV)
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23°U(y,f)/%°Pu(y,f) Cross-Section Ratio
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235J Photofission Cross Section

400 -
" v HIGS 2025 ? . 235U

= | © Caldwell 1980 JT? -
= | ENDF Sy .
~ 300L JENDL ﬁ :
= - TENDL ? ve
2 250 . % ]
T - Y o
¢ 200 -ﬁi AN

v e
(/)] [ ¥ v
" 150 - 4 ve .
o v V.o

X ° v
O 100} v o0
ve

< | Y -
%‘ 50 | o
Ty ] i ’M"
g 0 ,_...

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

E, (MeV)

l Lawrence Livermore
National Laboratory ~ LLNL-CFPRES-2011892 16



Y

238J Photofission Cross Section
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239Py Photofission Cross Section
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240Py Photofission Cross Section
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Future Plans

 Finalize analysis and publish 23°U, 238U, 239Pu, 249Pu photofission
cross sections for 7 - 19 MeV

* Planned experiment to add ?4?Pu and increase energy range

* 242py fission chamber foils fabricated at LLNL, currently being
characterized

* Measure ?*?Pu(y,f)in 7-19 MeV
* Measure all targets from 19 — 25 MeV

l Lawrence Livermore
National Laboratory ~ LLNL-CFPRES-2011892 21
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Fission Chamber Efficiency
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