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Thermal Neutron Capture Cross Section (2006MuZX):
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58NI(N,G), (POL N,G) E=THERMAL
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%0 Type E(y) AE(y) I(y) / l(y) (max) A |Al(y)/ I(y) (max)
o Primary 8998.63 0.07 100.0 2.0365
” Secondary 464.94 0.03 54.1 1.5556
o Primary 8533.71 0.07 4738 0.9982
. Secondary 877.94 0.03 156 0.2667
L Secondary 339.418 0.015 106 0.2845
E: :z Primary 8120.75 0.07 8.50 0.1888
N Primary 5817.35 0.05 7.30 0.1425
5 40 Primary 6583.98 0.06 525 0.1044
£ Primary 6105.38 0.06 471 0.0955
jz Secondary 1188.77 0.03 3.69 0.0656
i, Secondary 1301.44 0.03 3.68 0.0654
15 Primary 5312.95 0.04 362 0.0677
10 ‘ Secondary 1949.92 0.03 3.25 0.0819
. T ) T |,| | ; l | Secondary 2842.10 0.04 3.23 0.0574
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(NihermarrY) SPectroscopy for ENSDF
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Thermal neutron capture y-ray data
Prompt Gamma Activation Analysis (PGAA)

Database of Prompt Gamma Rays
from Slow Neutron Capture for
Elemental Analysis
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International Atomic Energy Agency

2 cYy%gs = G(n,y)
2 G, pim = 0(N,7)

Understanding individual y intensities
(partial cross sections) allows us to cross
check o(n,y)

Non-destructive assay to determine
isotopic composition of materials
Based on thermal/cold (n,y)
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at Budapest Research Reactor (2000-2007)

Evaluated Gamma-ray Activation File (EGAF)

Available online at www.sciencedirect.com

ScienceDirect

Nuclear Data
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ELSEVIER Nuclear Data Sheets 119 (2014) 79-87
www.elsevier.com/locate/nds

EGAF: Measurement and Analysis of Gamma-ray Cross Sections

R.B. Firestone,!* K. Abusaleem,? M.S. Basunia,' F. Be¢vai,® T. Belgya,* L.A. Bernstein,® H.D. Choi,®
J.E. Escher,” C. Genreith,” A.M. Hurst," M. Krticka,® P.R. Renne,® Zs. Révay,” A.M. Rogers,! M. Rossbach,”
S. Siem,'° B. Sleaford,® N.C. Summers,® L. Szentmiklosi,* K. van Bibber,!' and M. Wiedeking'?




Nuclear application with (Ny,crmarY)
- planetary science, oil logging -

gamma rays
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E. V. Chimanski et al., BNL Technical report (OSTI ID: 1983773) (2023)

Primary y-rays from GRIN
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FAIR (2023-2026 funded by DOE)
at UMass Lowell Research Reactor

DE-SC0024373: M. Jandel & S. Ota
Goals

Enhance thermal neutron capture

gammas on Cr, Ni, and Cu (A~60) UML RESEARCH REACTOR

1 MW —in core flux 2x10!3 n/cm?/s

Develop experimental setup and tools Pool of 75,000 gallons of demineralized water

detectors, DAQ, analysis codes, etc. . :
( ’ Q y ) * Various irradiation capabilities available

* https:/www.uml.edu/research/radlab/

Offer UML graduate students training
on experiments and ENSDF
evaluations

10%-6 n/cm? at 1 MW (max) Thermal neutron flux on target
Cadmium ratio ~ 7000 - nearly no epithermal/fast neutrons
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Ey (keV) [UMLO]

FAIRRAY HPGe array

Two ORTEC HPGe (mechanically-cooled); two more HPGe are arriving soon.
- & = 30% each.

- One with BGO (11 cm from target) See M. Jandel et al. : |
- The other with Pb shielding (6 cm from target) ~ Nucl- Phys. A (2025) for detail

Radiography station
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152Ey standard source + 35Cl(n,y)

Analysis strategy -

BCLSCl(n, ) 2922 0.0893(10)
g ol SCLFCln, y) 436.2 0.3093(20)
sVt SCLFCln, ) 1131.3 0.6262(33)
5 L SCLFCln, ) 2845.5 0.3495(26)
L SCLFCln, ) 2975.2 0.3765(43)
4 152EY SCLPCln, ) 31160 0.2975(26)
% €L Clin y) 4082.7 0.2629(49)
Ty SCLPCln, ) 4979.8 1.2320(99)
‘._\ BCLPCl(n, y) 57152 1.818(16)
10° " BCLPCl(n, ) 6619.6 2.530(23)
C . BCLCl(n, ) 6977.8 0.7412(99)
i ey *CLPCl(n, y) 7414.0 3.291(46)
~ 36(1.35
- ~ 35 ( ) CL¥Cl(n, ) 8578.6 0.883(13)
I —. 3Cl(n,y
i Normalizing the Mn cross sections
1074:1 11 j 1111 l 1111 l 1111 l 1111 I | - l 1111 | I - l 1111 l 11 measured Wlth the Same Setup Cancel
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natNj(n,y) y-ray spectrum and
determining y-ray intensities
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o Ratio to ENSDF (*°Ni CN): positive results

2.Gy prim/ O (ny) ~1| For both ENSDF & EGAF

Results from 55 hrs of beam irradiation
(°8Ni(n,y); the isotope accounts for ~68% of "2Ni isotopes)

GammaPeak_5312keV

£ oo This work vs ENSDF *
g 10000 — y:x
- Normalized the measured
s0f normalized . "
e 0 ™ _ intensities to ENSDF (strongest y)
é mﬂ:seqn R R s:s‘awG'amm Esi?v)
: N - Agreements are well within 20%
é Dominated by N gt
g C°";ami"anﬁ; TN TEE % . - Some low intensity y-rays are
s Peaks b % § ol .
£ ol ‘ z ’\\ overlapped by contaminant peaks
i \ - Lower limit we could detect is as
g S— mj — much as previous experiments
o T Inte?\.:ity per 100 neutron laptures (ENSDF) * .
Lower limit by previous experiment 11

(Raman (2004); 2-3 y per 10* capture
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o Ratio to ENSDF (°*°Ni CN): other results

For both ENSDF & EGAF

Results from 55 hrs of beam irradiation
(°8Ni(n,y); the isotope accounts for ~68% of "2Ni isotopes)

(b)

0.01f

0.001F

This work vs ENSDF +—+<

1.42(8) b o

(this work) \
Preliminary!
* \

# 2.08(3) b |

¥ (ENSDF)

++ %*%‘3;1*%*

~—I~$ 4,{.;:

I

0.0001
0.0001

A Cross sections in This work

0.001

Cross sections in ENSDF (b)

Cross Section (harns)

2Gy,prim ENSDF > 4.16 (6) b
2.6y prim This work > 2.83 (16) b
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d add h
!va\ Mdaﬁa
|5electd m pl tting [ll] [none]

|| 14) use my data [example](2]
| [use my control file [init] [help]

BNi(n,y)

L A M R | A M B |
i0-@ 5x10-8 i0-7 5x10-7 10-6
Incident Energy (MeU)

Normalization is not working well yet — or ENSDF intensities are not accurate?



Ratio to ENSDF intensities (°2Ni CN)

2.6y prim/C(ny) ~ 0.4 |  For both ENSDF & EGAF

Results from 55 hrs of beam irradiation
(5'Ni(n,y); the isotope accounts for ~1% of "aNi isotopes)

: 2505 | Only 3 y-rays were identified in the present data.
=} C N =
: N Observed two Ma.ny low E y-rays were swal!o.wed in Compton
20 ;C Primary y-rays This work and ENSDF intensities are not
c n consistent with each other (preliminary!)
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Summary & Acknowledgement

o Insufficiently known thermal neutron capture y-ray data for A>60 isotopes
o We started the systematic measurements for Cu, Ni, and Cr at UML reactor
o Beyond FAIR (2023-2026), in future, we will expand into heavier elements

o Our preliminary results show some success
o Major Ni isotopes are consistent with ENSDF within 20%
o %INi and Cr analysis are ongoing.
o Achieving the same sensitivity to former experiments (2-3 ys / 104 captures)
o New two HPGe will enhance the sensitivity.

o Normalizing the measured y-ray intensities to cross sections may still have issues
o Relying on Mn cross sections (Ac <3%) by (A. Howe’s thesis 2026))
o Reuvisit details — maybe the thermal spectrum is slightly different?

UML Reactor Staff: Leo Bobek, Tom Regan, Kseno Konomi, Tim Rogers POEFglfFf; ijn%]:rzczggc_g((;%%zgi_:;?g)z 6)
*  UML Undergrads: Michael McGlynn (now in UK), Michael Wooldridge, Tabor M. Jand,el & S. Ota
Morin - DE-SC0022907 (Mn); M. Jandel

UML Grad students: Alex Howe (RA), Daniel Fernandez , Aaron Fishbein

Stan Valenta, Milan Krticka (Charles University, Czech Republic) - DICEBOX, BNL is sponsored by Office of Science, DO E_
data analysis under Contract No. DE-AC02-98CH10886 with

) Brookhaven Science Associates, LLC
UML Nuclear Structure Group: P. Bender, P. Chowdhury, K. Lister
E. Ricard-McCutchan, A. Sonzogni, Brookhaven National Lab.

14



Thank you for your attention!!
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