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LENZ: The Low Energy (n,z) experimental station

• Detect outgoing charged 
particles using double-sided 
silicon strip detectors in a 
compact setup close to the 
target sample.

hotLENZ
rendering by B. 
DiGiovine

• WNR Facility at LANSCE: fast neutrons with a broad 
energy spectrum ~100s of keV to ~100s of MeV
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Measurements of (n,z) reactions on 54Fe, 56Fe, 58Ni, 60Ni

• WNR Facility at LANSCE: fast neutrons with a broad energy spectrum
~100s of keV to ~100s of MeV

• Annular silicon detectors for detecting charged particles
• Self-supported, enriched targets of 54Fe, 56Fe, 58Ni, and 60Ni with 

thicknesses between 1mg/cm2 and 2.4 mg/cm2.
• Measurements performed at the 15R flight path at WNR at a distance 

of 15.2m from the spallation neutron source.
• Detectors covering both forward and backward angles with a solid 

angle coverage of ~2 sr.
• Employ both risetime pulse shape analysis and DE-E detector setups 

for PID
• Consistent detector setup for all 4 targets
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Risetime pulse shape analysis for PID
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Incident Neutron Energy (MeV)
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Proton and alpha production cross sections on 54Fe
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Present calculations by 
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ENDF6/7: shape of (n,p) scaled to 
match exp -> MT104
JENDL-5 -> MT104
ENDF/B-VIII.0 ->MT5 (n,x)2H
Grimes data

(n,d)

54Fe ENDF/B-VIII.0 has
MT=600-649 but no MT=103
(n,2p) is in MT=111 but no 
(n,n+p) in MT=28.  Instead
(n,n+p) is in (n,x)1H in MT=5
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New data on 59Ni(n,p) and 59Ni(n,α) at fast neutron energies
• Statistical Hauser-Feschbach

calculations performed using the 
code CoH3. 

• For (n,p) below 3 MeV, the 
experimental cross section is 
approximately 30% lower than the 
available evaluations and from the 
calculations when using default 
parameters. Details on the 
adjustments to the OMP/level 
density are described in:
https://doi.org/10.1103/PhysRevC.105.044608
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Incident 
neutron
beam

p

World unique capability that currently exists at LANSCE to study neutron induced reactions on short-
lived radioactive nuclei
56Ni production at the Isotope Production Facility at LANSCE

Purification and target fabrication at the 
Isotope Program Hot Cell Facility

Timely transportation to the high quality neutron beam facilities 
(WNR/Lujan) at LANSCE is critical for studying isotopes that live on the 
order of days.

Most importantly, the infrastructure to do it SAFELY!
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First direct measurement of neutron induced reactions 
on 56Ni (and 56Co) • Approach: Work backwards by analyzing the 

56Co(n,p) at the end of the experiment (~10:1 
56Co:56Ni) to determine the 56Co contributions 
at the beginning of the experiment when 
56Co:56Ni was ~1:1.

0 100 200 300 400 500Time since final Ni-Co chemical separation (hours)

1

10

210

 A
ct

iv
ity

 (m
C

i)
0 100 200 300 400 500

Time since final Ni-Co chemical separation (hours)

1410

1510

1610

2
Ta

rg
et

 a
to

m
s/

cm

Electroplating and
transportation Start of Experiment                            

Co56 ≈Ni 56                 Time Interval I, 
Ni56Co > 56Time Interval II, Ni56Co >> 56Time Interval III, 

 = 6.075 d)
1/2

Ni (T56

Ni (35.6 h)57

Co (77.2 d)56

Co (271.7 d)57

Mn (312 d)54

0 100 200 300 400 500
Time since final Ni-Co chemical separation (hours)

0

1000

2000

3000

4000

5000

 L
AN

SC
E 

pr
ot

. c
ur

re
nt

 (n
A)

200 400 600 800 1000 1200 1400 1600 1800 2000Energy (keV)
0

10

20

30

40

50

R
aw

 c
ou

nt
 ra

te
 (c

ps
)

 assay ~3 days before start of experimentγtarget 

N
i 1

58
.3

8 
ke

V
56

N
i 2

69
.5

 k
eV

56

N
i 4

80
.4

 k
eV

56

N
i 1

37
7.

6 
ke

V
57

N
i 1

56
1.

8 
ke

V
56

N
i 1

75
7.

6 
ke

V
57

N
i 1

91
9.

5 
ke

V
57

N
i 8

11
.8

5 
ke

V
56N

i 7
50

 k
eV

56

51
1 

ke
VN
i 1

27
.2

 k
eV

57

200 400 600 800 1000 1200 1400 1600 1800 2000
-ray energy (keV)γ

0

5

10

15

20

25

30

35

40

45

R
aw

 c
ou

nt
 ra

te
 (c

ps
)

 assay ~4 months after end of experimentγtarget 

M
n 

83
4 

ke
V

54
C

o 
84

5 
ke

V
56

C
o 

12
38

.3
 k

eV
56

C
o 

10
37

 k
eV

56 C
o 

13
60

 k
eV

56

C
o 

17
71

.3
 k

eV
56

51
1 

ke
VC
o 

12
2 

ke
V 

/ 1
36

.5
 k

eV
57



1211/2/22

First direct measurement of neutron induced reactions 
on 56Ni (and 56Co) • Approach: Work backwards by analyzing the 

56Co(n,p) at the end of the experiment (~10:1 
56Co:56Ni) to determine the 56Co contributions 
at the beginning of the experiment when 
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First directly measured (n,p) cross section on 56Co and  56Ni
• Experimental reaction rates data are compared with statistical calculation & REACLIB
• Total uncertainties from the current measurement are ~30 %

56Co(n,p)56Fe

56Ni(n,p)56CoExperimental data can better constrain 
theoretical uncertainties in calculations

Experimental
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Experimental reaction rate of 
56Ni(n,p) was used to calculate 
networks for 
n-driven winds CCSN, in order 
to provide the first 
experimental constraints on 
the role of 56Ni(n,p) in np-
process 

Using the experimental rate, the 
elemental abundances during np-
process are better understood to 
explain the impact of heavy 
element production   

Current 30 % 
experimental 
uncertainty

Improved 10% 
experimental 
uncertainty
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Summary and Outlook
• First direct measurement of 59Ni(n,z) at fast neutron energies above 100 keV was published 

in PRC and demonstrate the need to make direct measurements on radioactive nuclei, 
when feasible.

• Manuscripts detailing the first direct measurement of 56Ni(n,p) are in development

• Together with the studies on stable 58Ni and 60Ni, will help to provide a more complete 
evaluation of the nickel isotopes at fast energies when combined with the radioisotope data.  

• Measurements on 63Cu(n,p) and 63Cu(n,a) are currently underway (beam on target as we 
speak).

• Look ahead: new measurements on 39K, 40K, 35Cl at WNR (unmoderated neutron source) 
with planned measurements at Lujan (moderated source) to span an even broader range of 
energies.  In addition, measurements on zinc isotopes in collaboration with CMU.
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63Cu(n,a)
63Cu(n,p)

63Cu(n,a) and (n,p) state of play


