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BLUF (Bottom Line Up Front)

LBNL
Built and benchmarked the Gamma
Energy Neutron Energy Spectrometer

for Inelastic Scattering (GENESIS).
* Performec and >°%U(n,xy)

productlon runs in 2021.

GENESIS 33U and >’ Fe Data
being analyzed and interpreted

e Took first Chi-Nu + HPGe data 9/19

« S%Fe+n data (performed under separate
funding) provides a path forward for 238U

BNL/NNDC Chi-Nu + HPGe

e Preparing for evaluation using other data set (*°Kr)
*  Working with LBNL to develop an event generator that will allow
for a forward fit comparison to the evaluation.
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Cave 5 GENESIS
Measurement Setup
Berkeley Lab
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GENESIS has been fully modeled in GEANT and
benchmarked using “>’Cf and multiple y-ray sources

This benchmarking
together with the
finite energy range
of our beam allows
for multiple
simultaneous
measurements
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Our goal of propagating modeled observables through a detector

response function requires accurate simulation of GENESIS
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Yrast4™— 27 (1238 keV) to 2™— 0" (847 keV) ratio

4% > 2% (E, = 2085 keV) N,(E, 941_) \
-
27 5 07 (Ey = 847 keV) gated on the 27 — 03
Ko} = s 0= — I — —25
T 04f 8 £ T = = =— = ---
> = 95 T T = = m — = __ - =
0.35 P a1 5 af = —=— - = = i
: fo =22 ZTI7
© o3F |l W 7 == = m 2= == S &S
—~ [ G | c N p— - — —- _-_- e
g — il g pE m— __: —— —== = I —15
N 0.25 ] = = | M. = ] ﬁ i —p—
- it 2 5F =m = ==
0.2F I > F = i 10
- ] 4 —
0.15F g E E
" F |—=— Negret/sTOF S 3E
0.1~ —=— GENESIS @ SE
:l 11 l | . | l | I | l | B . | I 11 | l | . . | I | R | I { . . I | O N | I 1 E - T
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time since last RF [ns] Angle Degrees

Significant differences seen Majority of yield coming in below 4 MeV

8
140-160 ns after RF, e.g.: o | is consistent with significant compound |
pevan— ey r . emission -
*+ 29-3.2MeV E . Ty
- RIS - N ... What about EIS <
& 0 5 10 15 20 .
Neutron Energy (MeV) (nj elaStIC)? I M. Gordon

f\l \'ﬁ| WANDA 2023 — LA.. Bernstein

*A. Negret et al., PRC 90, 034602 (2014) J.M. Gordon

BERKELEY LAB




Yrast4™— 27 (1238 keV) to 2™— 0" (847 keV) ratio

detector 8
4% > 2% (E, =2085keV) o - Siector
2 140001
2] > 0f (Ex=84TkeV) 7
s £ 120000 —— GENESIS
5 04F 2 -
& | C o
T 0350 ] 10000~ —— TALYS/STOF, elastic
5 # i) -
5 osf T|Hikel 8000}
g E t :;;‘((l:s;: : u
= 0250 el 6000
0.2F -
- 4000
0'15;_ —o— Negret/sTOF 20003_
0.1|—=— GENESIS C
Elllllll|lllllllllllllllIllllllllll]l] 0_1'1 AN BN BT AN A BT A A B L1
0O 20 40 60 80 100 120 140 160 180 0 2 4 6 8 10 12 14 16
Time since last RF [ns] neutron energy [MeV]
Significant differences seen A blank-subtracted neutron spectrum
140-160 ns after RF, e.g.: o | shows elastically-scattered neutrons at
’@ 2 4 ’ . forward angles s L St
° - () [ ) -:" =
il g2 . Analysis to be "
g o s 1015 0| completed in CY23
Neutron Energy (MeV)
J.M. Gordon

WANDA 2023 — LA.. Bernstein

*A. Negret et al., PRC 90, 034602 (2014) J.M. Gordon

BERKELEY LAB




We are developing a forward fit process to determine optimal
neutron reaction modeling parameters using Talys
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Joey Gordon
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We are developing a forward fit process to determine optimal
neutron reaction modeling parameters using YAHFC
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Neutron-gated °3U Yrast Cascade
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Neutron-gated 238U Off-yrast Transitions
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We just completed a run using beam sweeping with 10 s on and 1 s off

run to measure [Fdelayed and prompt y-rays with a new compact
geometry to increase neutron-gamma coincidences
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The in-beam and beam-off (n,fy) data
is being analyzed by NSSC graduate Preston
student Preston Awedisean wedisean
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We also ran 3°Cl(n,x)" 8/21 and 10/22

Differential Experiment #3
35Cl(n,p) and *>Cl(n,a) from a CLYC

(Ce:Cs,LiYCly) Active Target

Differential Experiment #2
33Cl(n,n’) & 3°Cl(n,y) using NaCl tablet

\
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Neutron Source

DTOF 'a;@° Integral Experiment #1
Kinematic| 1 %~ ° Production of 3°S and 3?P via
Flux Monit o
‘ 33Cl(n,p) and *>Cl(n,a) on a
G NaCl tablet (N1 monitor foil)
=,

Simultaneous measurements of multiple exit channels should help
address compensating uncertainties in reaction modeling
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This part of the experiment is allowing us to determine @(E, < 1 MeV)

Differential Experiment #3
35Cl(n,p) and *>Cl(n,a) from a CLYC

(Ce:Cs,LiYCly) Active Target

Neutron
Source

DTOF 14 MeV D on C

@, in 108/MeV/sr/uC

*ss0n o
5 10 15 20
Neutron Energy (MeV)

WANDA 2023 — LA.. Bernstein
*Funded under an NEUP Grant

BERKELEY LAB




Improving low-energy neutron spectroscopy using CLYC

e Traditional PSD methods for CLYC provide poor
separation between alphas and protons (making fast

neutron spectroscopy difficult)

e Our new technique provides clean separation,

allowing extension of neutron spectrum
measurements down to 10s of keV
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Neutron Flux (n/MeV str uC)
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CLYC-6 (Ce:Csz6LiYCl6) allows for determination of the
neutron flux using the well-known °Li(n,t) a reaction
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Collaborators on the work you’ve seen today

C. E. Apgar', J. C. Batchelder!, J.4. Brown!, J. Bevins*,
C. Brand!’, D.L. Bleuel’, A. Georgiadiou!, J.M. Gordon’,
B.L. Goldblum?!, C.J. Henderson!, T. Laplace!, A. M.
Lewis!®, J. McClory?, I.T. Morrell?™, T. Nagel, A. S.

Voyles!, M. Wakeling*
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2 Lawrence Berkeley National Laboratory
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