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Background/Motivation

Iridium
* Very dense, rare mgtal (n,y)  Fission Neutron Spectrum  (n,2n)
 Two natural stable isotopes:  memeeeey
« 191 (37.3%)
o 1991 (62.7%)
 Interest as a radiochem diagnostic material
* Used in Underground Test Program to measure
neutron fluence
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Program Objectives TUNLv

g924+X 4.2 ms
372 13 ms 376 3.2h = (nn) 190+X 171d
Energy
levels 49s 168 241
(keV): 36.1.4ms L 147830
1.45 m [ 105 d ms
Half-life: 41.5 h \_132d m} d) — ¢ 738d" \ ptabie j i 19.3 h
Isotope: 188 189 1E?‘[’Ir 191, 192) 193) 194,
Neutron - -
reactions: @
(n,y) (n ¥) (n,y) (n,7)
(n,3n) (n,3n)
: : (n,3n) (n,3n) (n,3n)
Reactions to be Studied:
1 _ 191,193|r(n 2n)190,192|r
12. 1%Ir(n,y)"%2Ir | 4@m Focus OF THIS TALK

3. r(n,n’y) M|y

193 v7Y193m
4. Ir(n’n V) Ir Figure from R.C. Haight et al., Los Alamos Science 30, 68 (2006)
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Motivation for (n,y) Measurements

World '%3Ir(n,2n)"2Ir Data
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{] i 1 ] ] ..-I' ] ] 1 | ] 1 ] | 1 ] ] | ] 1 1 | 1 1 ] | 1 ] 1 | ] 1 1 | 1 1 ] |
6 8 10 12 14 16 18 20 22 24
Neutron Energy (MeV)
| —, HE UNIVERSITY
p\glg@ Y7 NCCentral HTEHSEE{?E“ M f NORTR CAROLINA SSAP Symposium, February 21, 2024 4




World ®1Ir(n,y)'¥?Ir Data TUNLv

R e s s B B B B
i + Lak73
« Sparse data above 1 MeV - = Lin76
 Some disagreement between . %[";‘r'%g
theoretical treatment and 0.6 Tro&7
evaluation - Tan03
« Would like to add high quality 3 DA

data to better tune TALYS
calculations

Cross Section (barns)
o
I

0.2

Objective: measure (n,y) cross section

* 0.5-55MeVin 0.5 MeV steps

Neutron Energy (MeV)
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Neutron Activation Setup

Ir Foil

Cd Foll
Quasi-monoenergetic neutrons from TUNL !
tandem Van de Graaff accelerator tritiated t‘ta"‘“m\ /
. Li(p,n) E <1MeV —— o g
* 3H(p,n) E,=1-5MeV d ------ )@
* 2H(d,n) En =5-14 MeV (fromaccelerator) =~ n
. 3H(d,n) E. > 14 MeV /
Cd Foil  In Foils
Natural iridium foil targets
« Mass =275 mg
* Thickness = 0.125 mm
Indium monitor foils (front & back)
« Mass =90 - 130 mg
* Thickness = 0.250 mm
Cadmium foils (front & back)
NTOF Target Room « Thickness = 0.5 mm
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Opportunity for Undergraduate Education and Training
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Gamma-Ray Data Analysis TUNLv
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In Monitor Foils, 1 hr counting, E, = 2.4 MeV
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A = activity t; = irradiation time
O = cross section  t, = decay time
¢ = neutron flux t. = measurement time
n = # target nuclei
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Preliminary ®'Ir(n,y)'¥?Ir Data

1 |Future Plans:

1 |- DataatE,=4.5,5.0, and
i 5.5 MeV

71 |* Revisit analysis of lowest
energy points
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1931r(n,n’y)193mIr Studies TUNL

/2 802 10.53d BEGe Detector Spectrum from 193Ir(n,n’y)!%3™Ir, E,_ = 6 MeV
IT: 100% :
700 -
3/2* c00
~ 0.0 i
193¢ 500 |
[ 193m
2 ol Ir (9.18)
S _
 Measure L x-ray @ 9.18 keV 3 a00k
« Use very thin Ir foil (0.01 mm) to ;
minimize self-attenuation 200
* Count sample w/BEGe detectors :
- excellent energy resolution 100 -
- good efficiency at low energies L T
« Compare to LANL SDDs 6 7 8 ) 10 1 12 13 14
Gamma Energy (keV)
Previous Work: Marenco et al. Appl. Rad. Iso., 195, 110742 (2023)
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Summary TUNLv

* Preliminary cross section measurements
of 1¥Ir(n,y)'®?Ir have been made at
neutron energies between 0.56 and 4.0 MeV

* Will continue to work with LANL on
193Ir(n,n’y)193mIr measurements
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Lists of Students and Presentations

Students supported over the last 12 months:

Undergraduates:
1. Andres Gonzalez — REU student from Rochester Institute of Technology

Invited Presentations given:

1. Nuclear Data session, Low-Energy Community Meeting
August 10, 2023 by Alexander Crowell
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