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Why Photon Strength Function Matters:
Radiative Neutron Capture

Photon Strength Function:
A description of the bulk
guantum mechanical
component of photon
emission.

Stronger Photon ﬁ |V|0re usurvivorsn
Strength Function
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Detector Array for Photons,

m BAPPER Protons, and Exotic Residues

* (d,p) as (n,g) proxy
* Inverse kinematics - RIB
* Highly segmented, high efficiency
* Excitation energy
e Gamma multiplicity
* Total gamma energy
* Individual gamma energies
* Photon strength function
* Improve neutron capture model
predictions

one of two side-packs Impacts:
not shown for clarity Fundamental Nuclear Science
Nuclear Astrophysics

Stockpile Science
Advanced Reactor Design
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128 BaF2 crystals

6.5 cm face-to-face
20 cm long 10000
~800 lbs for all detectors

BaF, Detector AM13 *’Na Source Run
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ATM BAPPER 2021: 57Fe(d,pg)58Fe: BaF2, S3

2023: 54Fe(d,pg)55Fe: + ZDIC
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Energy Resolution of DAPPER

A typical good detector
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Efficiency of DAPPER o

0.66

Total Efficiency

0.64
0.62
0.6

I|ILLIII|III|III|III|III|III|III|III|III|II

0.58

[ 1 T TR N T S | 11 1 |- 1 ] | 1

1 1
2000 4000 6000 8000 10000 12000
Gamma-ray Energy (keV)

o

0.6
——e— (luster Photopeak Efficiency

0.5 —e— (Crystal Photopeak Efficiency

0.4

0.3

Photopeak Efficiency

0.2

0.

—

1 I 1 1 1 | 1 1 1 I 1 1 1 I 1
6000 8000 10000 12000
Gamma-ray Energy (keV)

0 1 1 1 I 1 1 | 1
2000 4000

o

Alan Mclntosh, Texas A&M University BAPPER Triton Beam rkshop, March 2024, Tallahassee



57Fe(d,pg) @ 7.5 MeV/u

Cb, Carbon
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Forward Method

Actual Detector

v

Reaction

compare

Response Function

Reaction

Oslo Method
Actual Detector
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Parameters |
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57Fe(d,pg)58Fe@ 7.5 MeV/u
Forward Method

Cluster Mult Distribution ClusterMult: 2
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Oslo Method 57Fe(d,pg)58Fe@ 7.5 MeV/u
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Zero-degree ionization chamber

Collaboration with S. Pain (ORNL) et al.
S. Pain, T.T. King, M. Grinder, S. Balakrishnan, A. Ratkiewicz, R. Ghimire

IC of the GODDESS array

2023 Measurement @ TAMU
Fe/Co cocktail beam
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TPC for DAPPER no fusion-evaporation background
Simulations in progress no target degradation
10cm length x 10cm dia higher density of deuterium
improved E* resolution (energy loss and angle)
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Measurements possible with DAPPER with triton beams
may benefit from collaborations involving FSU devices

SPS — could measure protons at some angles
e o | 7 T ~ W BN ™ N/ N —,L- s

j & =
| o

weighs ~ 1/2 t
less than 52” x 80” footprint

Alan Mclntosh, Texas A&M University Triton Beam Workshop, March 2024, Tallahassee



BAPPER

_|_
triton beams
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Extend Isotopic Chains — Iron Example

59Fe is s-process branch
60Fe is interestingly abundant

PSF measurements for 56Fe, 57Fe exist using (3He,4He)
Analysis for PSF nearly done for 58Fe (DAPPER) using (d,p) (inverse kin)
Data for PSF obtained for 55Fe (DAPPER) using (d,p) (inverse kin)

59Fe(d,p)60Fe with DAPPER + RIB (inverse kin)

58Fe(t,p)60Fe with DAPPER + triton beams (normal kin)
60Fe(t,p)62Fe with DAPPER + triton beams (normal kin) (t,p) cross sections are on the

target activity only ~1 uCi
60Fe(p,p’)60Fe with DAPPER order of 1Imb (TENDL2023)
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Proxy for neutron
capture on actinides 236Np  237Np 2a2np

h .

238U(t,p)240U

e 239U is produced by neutron capture e U236 (23 My) builds up in reactors,
on 238U in a neutron field neutron poison.

e 239U is short lived (23min) but has a * Capture x-sect for 236U(n,g) desirable,
significant (n,F) cross section (~14b) may be sufficiently well known
and significant (n,g) cross section e 235U(t,p), 236U(d,p), 236U(n,g),
(~20b) 238U(h,a) all possible

* The photon strength function and  DAPPER can measure charged-particle
level density of 240U would be useful reactions
to constrain e compare cross-section measurements

* Not accessible by (p,p’), (d,p)... to predictions using PSF; benchmark
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90Sr
s-proc branch (89Sr: 51 d)
Fission Prod (90Sr: 29 y)

82Kr

88Sr(t,p)90Sr
Not accessible by (p,p’), (d,p)...

Alan Mclntosh, Texas A&M University BAPPER Triton Beam Workshop, March 2024, Tallahassee




135Xe 137Cs
strong reactor poison (Mb x-sect) Fiss Prod

138Ba

137Xe

138Xe 139

e 1m l
135Te 136Te .

135Cs(t,p)137Cs (4 mb TENDL2023)

1§2§:Et’p)’ﬁ§g)e(e~'clerzsof mb eSS
. p,p 135Cs(p,p’)135Cs
ice target!

consider also (t,a) ~3 mb
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169Tm(t,p)

173Yb 174Yb 176Yb
STABLE STABLE STABLE
16.103% 32.026% 12.996%

174Tm 175Tm
5.4 min 15.2 min

B=100.00% P =100.00%

167Er 168Er 170Er 173Er 174Er

STABLE STABLE STABLE 1.4 min 3.2 min
22.869% 26.978% 14.910%

B =100.00% P =100.00%

Thulium is naturally monoisotopic (A=169).
170Tm (129d) and 171Tm (1.9y)

Both are LLFP (170 from Pu, and 170&171 from U).
Neutron capture on 170Tm would be useful to constrain.

169Tm(t,p)171Tm ~2 mb
consider (t,a)
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Eu

154Gd 155Gd 156Gd 157Gd 158Gd 161Gd

160Eu

150Sm 159Sm

Eu has two only stable isotopes.
152,154,155Eu fission products (4-14y).
Neutron capture on all of these is interesting to constrain.

151Eu(t,p)153Eu; can compare to (p,p’)
153Eu(t,p)155Eu

Alan Mclntosh, Texas A&M University BAPPER Triton Beam Workshop, March 2024, Tallahassee




BACKGROUND REACTIONS
What about (t,pn) or (t,d) reactions when we want (t,p)?
Note that (t,pn) and (t,d) can be an ~10x higher than for (t,p).
* The (t,p) proton will be kinematically shifted compared to the (t,pn) and (t,d)
 The deuteron can be rejected by dE-E technique
 DAPPER measures E* from proton and E_Sum from gammas
* (in addition to indiv gamma energies)
e ifrxnis (t,p) and we measure all gamma rays, E* = E_sum
e ifrxnis (t,p) and we measure less than all gamma rays, E* > E_sum: reject
e ifrxnis (t,pn) and we measure all gamma rays, E* < S_sum: reject
e if rxnis (t,pn) and we measure less than all gamma rays
* E* from proton is higher than reality
e E_sum is lower than reality

* E*>E_sum:reject event ® desired

PY ®  remove with E*=E_sum
(kinematics help)

&

entrance ,
remove with dE-E
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triton beams

 DAPPER is highly efficient at measuring gamma rays
* Not just E_Sum, but individual energies and multiplicity
* Combined with silicon detectors to determine E* independently
* (Inverse kinematics — short-lived nuclides)
* Charged particle reactions
* (d,p), (p,p’), (t,p)

 Compare methods where possible
* Use (t,p) to extend reach

e s-process branch points

* reactor and stockpile science

* extend isotopic chains
Measure Photon Strength Functions
Constrain predictive models of neutron capture
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From Phil Adsley

(t,p) pair transfer

testing pairing prescriptions;
gs->gs if pairing condensate description holds

shape co-existence away from closed shells
e.g. Sm chain — spherical to deformed
SPS well suited
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