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Unlocking new nuclear frontiers with fast
neutron probes.

Beyond cross-sections: What can
Nnxn reactions reveal about nuclear
structures?
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[ Motivation ]

Can detailed studies of populated excited
states help improve nuclear reaction
codes (e.g., TALYS)?

Now possible at NFS:

nxn reactions have high energy
thresholds

= need large flux at high neutron energies.
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First test case, the *8Ni region. Also, charged particle channels (Co and Fe isotopes).

Data also collected with a Pb target.
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Method: Prompt y-spectroscopy in coincidence with fast neutrons.

> 12 clovers at radius of 14.5 cm

%s'l ‘Shie/ld’ | A oL N > 31% of the solid angle coverage

Y,

& / A i f
NBGd Shield , HSLR > 6% abs. efficiency at 1332 keV

> Addback to improve P/T ratio
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Highest neutron flux beyond 10 MeV world-wide!

X. Ledoux, et al. Eur. Phys. J. A, 57, 257 (2021) _ 1e10
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Method: y-y analysis

10'° y-y coincidences (within a time window of 100ns) recorded after addback
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61Ni

10'° yy coincidences (within a time window of 100ns) recorded after addback
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 cusToMTOOLS | )

3 L_I Target properties (mass, A) J

Parameters (Beam |, distance) ]

Built custom tools inspired by: [ Poseton e Galeutation T|_<

Partial cross-sections (TALYS) J<—

RO : Radwar .
& cubix s Expected Vields

With additional features

in Cludin g: —{ Expected Gamma Spectrum
> Draws identifiers for
coincident y for all orders )
[ Gammas in gate }—@:

> Calculates simulated ‘
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[ Custom Tools : The coincidence finder } co-order vy ...

Gating on 5/27 » 3/2-of */Ni : 768 keV, 3 keV (shown up to 3% order) Third-order v

% 8000
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o
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- The plots are interactable (easy to zoom in) co-order v ...
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[ Custom Tools : The coincidence finder J

Gating on 5/27 » 3/2-of ’Ni (768 keV, +3 keV)
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Can overlay the simulated spectrum on the experimental spectrum, one example shown

here for:
> 1000F—
- H Exp. Data . .
- H s 4 = 54Mn Since the plot is more
S 800l — - rengble, we go upto
S - R 57Co infinite order here.
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> 1000 Despite extensive
X — = _ — = - _Exp. Data . .
g N1 psndl | studies by conventional
o 800(— 7 R | S~
g RO T - il > methods, spectroscopy
- Ex T e 57Ni .
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e A T . 59Ni . .
E / new light on >’Ni.
| RN /
400— ) v -
I 1 \ / ssea
: | v 5100 5124 e “ A |
200+— 1 : 4535:17; o WI‘ e, 1254
" N . IERARRRESS
= 3 1 ! |} .; % ! ¥ P MUY L
0 £k \\ ’ BT z 3 301y o 03392 v
: Al - // 767 2577
1 L | ] I ! ! | ! ! ! ! | I I L I | I I I I N 32k
2450 2500 2550 2600 2650
EV
> No evidence of states populated only via particle transfer reactions = + v+ :
> Overall (n,2n) resembles heavy-ion fusion—-evaporation "o

> Butit's not simply a subset—it provides new information
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https://doi.org/10.1051/epjconf/202532400020
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20 —_— Alignment observed for the first
> 15 NI i i time with fast neutron reaction.
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Polarization asymmetry
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[ Nuclear alignment with fast neutronsJ
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A 3701keV state in >’Ni was first
identified as (5/2)° in pick-up
reaction

Rudolph et al. later reassigned it
as (9/2°) based on the
28Gj(32S, 2pn)>7Ni reaction as first
observation of single particle
excitation into the g, ,

The E1 character of its decay
validated using our independent
(n,2n) data set!
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Angular Momentum

Overall (n,2n) behavior
resembles heavy-ion
fusion—evaporation

No high-energy levels
observed at low angular
momentum (L)

NFS limitation: beam
energy (E = 35MeV)

Cannot probe whether
higher angular
momentum states can
be excited
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[ The (n, 3n) channel } g
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We are not populating *°Ni extensively.

Threshold for this channel was experimentally verified at ~23 MeV.
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Higher threshold and lower c-s
for *8Ni(n,3n)°°Ni

2303 keV, 1256 keV, and y-rays
from higher-lying levels are not
observed

Two states at low spin is
however observed

Improved sensitivity is needed
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The (n, 3n) channel
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> Much lower thresholds and relatively higher c-s for 2°8Pb(n,3n)?°°Pb
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[ (n, d) vs (n, n'p) channel: *’Co }

S
T

5 Nl“(-%d)c%" ? 5 °(fn'.'°v: 58Ni(n1 d)
W. N. Wang et al.

(n,d) populates only
single particle states.
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We see both collective and single particle
states in our data.

Goal: Identify which reactions lead to which
nuclear states

M. Rejmund et al.



https://doi.org/10.1103/PhysRev.140.B882
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Challenge: No charged-particle detectors in
our setup

M. Rejmund et al.
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Solution: Use TALYS simulations to

M. Rejmund et al. disentangle contributions
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single particle states.

Solution: Use TALYS simulations to
disentangle contributions
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> TALYS overestimates the cs this transition, primarily from (n, n'p)

> Data suggests additional rxn mechanisms beyond pure (n, d)...
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> TALYS says 3.2 MeV state is directly populated via (n, n'p) — likely incorrect.
> Seems (n, N'p) can excite higher states, which then decay to the 3.2 MeV state.
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[ Summary and Future Plans ]

> Gained new insights into (n,xn) reactions from a nuclear structure
perspective.

> 57Ni: Discover new information with fast-neutron probes.
> Alignment observed for the first time with fast neutron reaction.
> Tools developed for complex y-spectroscopy data analysis (briefly presented).
> 57Co:
Extensively states populated - single-particle + collective excitations.
Asymmetry & RDCO calculations applied to unknown/new transitions.

Understanding (n,d) and (n,n’p) channels: ongoing...

> Ambitious final goal is to study the mechanism between direct and
compound nuclear reactions.

European Nuclear Physics Conference, 2025 22
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[ Validation of the new y ]

Gated in Y [2531.5 -...
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> Reverse gate on the new gammas to validate and study the full
cascade

> Also, making sure this coincidence is not present in various other
background, activation runs and beam runs with Pb target.

> Hence can be considered a true new coincidence from °’Ni.

We validate the new gamma!




[ Background characterization }
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Counts at 10 uAmps ~ 20kHz per clover

= BGO Shield

Csl Shield

Cold Finger

Clover




How do we get high flux high energy neutrons?

The powerful LINAG [10 mAmps of deuteron at the beginning]:

In order to avoid the overlap of neutrons from successive bursts, the beam repetition rate is adapted to the
flight path: 1 MHz and 250 kHz for 5 and 20 m respectively.

The maximum deuteron beam intensity is then 4 times lower at 20 m than at 5 m.

NFS is very competitive in terms of average flux in comparison with n_TOF, GELINA or WNR between 1 and
35 MeV.

This intense average flux is due to the high beam-repetition rate(~800 kHz), the instantaneous flux is lower
than the other facilities.

The flux (®) of particles can be expressed by the following equation: ®=Ixf

Where: @ is the particle flux, | is the beam current,f is the beam repetition rate.

However, it's important to note that increasing the repetition rate may have engineering and technical
implications, such as increased power requirements, heat generation, and potential effects on beam stability.
Additionally, the specific design and capabilities of the LINAC will influence how changes in repetition rate
affect overall performance.

Moreover, NFS presents some advantages due to the neutron production mechanism itself: In spallation
sources the high energy neutrons (up to hundreds MeV), may imply challenges for both collimation and
background.

Secondly, the gamma-flash, which is known to be very penalizing, especially because it induces dead time,
will probably be strongly reduced at NFS.
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How do we calculate neutron flux?

Neutron detectors (liquid scintillators EJ309) at 607 cm

The time bw detection of an event and the RF signal is measured by TAC and we do
neutron gamma discrimination using pulse shape analysis.

The neutron energy is measured by TOF technique

Neutron yield measurement:
Event by event we find energy of each neutron.

0 sly— 44




Flux reaching the target:

dN/dE corrected from efficiency (/uC/sr/MeV)

Integral of the spectrum = 3.159e+11 n/sr/uC

Distance to the target: d = 860 cm
Beam current: | ~ 10 micro Ampere

SO, flux =4.27e+06 n/cm2/s

X

As shown before...

g_dN_dE_norm_cor

n
o
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E, = 20 MeV

Vige = 0-16m * 10 cm * 10 cm | e
m,.sg [9/target] = (0.1 cm * 10 cm * 10 cm ) * (8.99 g/cm3) = ~90 g 10° 4 ! !
Nyisg - V= Mysg - Ny /Mo =90 g * 6.023e+23 / 58 = 9.3e+23 atoms/target i i
Reaction Rate = flux * nuclear_density * {c-s(n,n’) * 107(-24) } ) 10%; i |
= 4.27e+06 n/cm2/s * 9.3e23 * {c-s(n,n’) * 10*(-24) } ° !
10 4 i E
First we interpolate the c-s at neutron engines for at NFS 100 4 : i
We multiply flux and c-s bin by bin I I

0 25 50 75 100 125 150 175

Now we can multiply with the runtime of all runs i -

Total neutrons so far.. / surface area of the ring(r=14 cm, 80° to 135°) = 2*math.pi*14*14*(0.17+0.7)
From here we get the neutron dose per unit area...

16



[ Estimating Neutron Energy J 1.3 ps

Original RF

e Neutron TOF is started by the hit in EXOGAM and
stopped by the delayed RF of the LINAC (duty

cycle = 1.3 ps).

Delayed RF

e TOF is calibrated using gamma flash (28.7 ns)
from the neutron converter (8.6 m away) and the
validation gate window (200 and 175 ns).

All clovers

(=]
>

3 F y Entries  4.4435646+10
8 900 [J ‘H\ Mean 4.851e+04
S E ] Std Dev 1068
. = |}
g 800E A‘
£ 700 \
= —
Q = Y
© 00— y
500 — ﬁ IL
400 — /
00— start gamma flash i
200 — ¢ HJ end
100 — ¢ /rr# H‘L
E P 5 ™
o LT e e L
42000 44000 46000 48000 50000 52000 54000
Time [e.u.]
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[ Estimating Neutron Energy }

o[mb]

1031

Incident neutron flux [/sr/uC/MeV]

n/s per 0.05 keV

103 n
101 L

10-1F

200
150
100

o

TG

(n,2n)
(n,3n)

T —

10
lelO

50

Recorded neutron flux
(reconstructed from TOF)

10

30 40 50 60

E, [MeV]

20

Gamma EnergylkeV]

1600
1400
1200
1000
800
600
400

Fast
Neutrons

20 40 60 80 100 120 140

Neutron toflns]
Despite the low resolution of tof with Ge detectors we
can distinguish between gamma flash, activation
gamma and prompt gamma from the fast neutrons




Counts/0.05 MeV

Counts/0.5 keV

[ Production threshold of °Ni }

(= n B
<} o <}
TIT T[T I]T

@
(=]
TTTT

60—
40~

20—

**Ni(n.d)*’Co

0 10 20

58

0 40 50 60
Detected Neutron Energy [MeV]

Ni(n,3n)*°Ni Ni(n,n")®Ni

55

50

a5

40|

35

30

25

20

TTTT[ T TTTT T

NI I P
Y840 2650 2660 2670

A I I I T N P
2680 2690 2700 2710 2720 2730 2740
Detected Gamma Energy [keV]

—— TENDL: (n, 3n) c-s normalized by (n, n') c-s [Experimenta]
~== TENDL: (n, 3n) c-s normalized by (n, n') c-s [Evaluated]
=== Threshold

+ Measurement

0.016

0.014 4

0.012 4

0.008 - :
_H_
e :ﬂ/‘/‘?’

0.006

0.010 4

2+ yield normalized to *8Ni(n, n’)

20 25 30 35 0 a5
Detected neutron energy [MeV]

We can verify the neutron energy threshold (~23 MeV) for
>8Ni(n, 3n)°°Ni.

We also saw good agreement with the TENDL values,
even though limited by statistics




Excitation Energy [keV]
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c_____________

Effective beam time [days]
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[ Do fast neutrons align the nucleus?

|

Rpco

Alignment

I(y; at 135°; gated by y» at 90°)

- I(y, at 90°; gated by y» at 135°)

bserved!

Rpco

2.00

1751

1.50 1

1.25 4

1.00 4

0.75 4

0.50

0.25 4

0.00

Validated that R, = 1+- 0.02 always for unpolarized ®°Co

and "9?Eu samples

Gate:Al=2

0 500

1000

Energy (keV)

1500

2000 2500

We seem to be sensitive to assigning spins.
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Asymmetry

1.100

> a(E ) is the normalization factor corresponding to the . = e e
asymmetry of the EXOGAM clover detectors and is defined
as:

1.050 4

1.025 1 +
1.000 +

L —+—f—————
F|+

_ Nj(unpolarized)

E.) =
alEr) N (unpolarized)

0.975 A

Normalization Factor a(Ey)

> The experimental polarization asymmetry is defined by the
tio:

ratio A — [CL(E,ONL] — NH o

[a(E’Y)NJ-} + NH 0.900

0.950 A

400 600 800 1000 1200 1400
Ey [keV]

2 ét [i= 53




[ Gamma-Spectroscopy Analysis Tools }

> Gate and identify which of the known* coincident y are present in our data
> Compare measured yields to that of Talys simulations

> |dentify new coincident y and assign to corresponding isotope

Radware

Histogram file format
restricts number of bins
Database file format
outdated

Does not draw identifiers for

Y
Calculates expected gamma

spectrum but not using cs
calculations

@ cubix

Takes root histograms
Background subtraction:
side-band or RadWare style
Database file non-editable
Draws identifiers for y in 1D
Does not draw identifiers for

coincident y
Does not calculate expected

damma spectrum

*Present in ENSDF or XUNDL datasets

New Toolé <O

Takes root histograms
Background subtraction:
side-band or RadWare style
Based on python notebooks,
easy to debug and improve.
Draws identifiers for both 1D
spectrum and for coincident y
Calculates expected gamma
spectrum using cs specific to
the experiment (Talys...)
Tracks history of gates (and
params)

Automate Level Schemes

(= il
=751 “slr—_ 54




[ The coincidence finder }

™

( 2-D y-y Histogram (Root Format) 4-—{ m&; |
\ J T —TTT—
Nuclear Databse
L 2 (ENSDF/XUNDL)

[ Bkg Substraction ]

P — A\ 4
| Side-band Gates
(with widthst)“ ) Side-band RadWare Style Coincidence Identifiers
(Recursive up-to infinite order )

Projected Gamma Spectrum
(With coincidence peak identifiers)

https://radware.phy.ornl.gov/bgsub/bgsub.html “*‘4‘:;;,;,,“,;;. e, 95



https://radware.phy.ornl.gov/bgsub/bgsub.html

[ The coincidence finder ]

Start by choosing the gate (energy, width).
Example: Here gating on 5/2° » 3/2-of *’Ni (768 keV, *3 keV) :
Two options to do bkg sub: side-band or RadWare style

> - > 8000F—
©10000— M 53 4 & 3 3 g ) = =2 7 3 3 N =
iy g 8 § 8 g = ¥ g g g 8 g g
2H Side-band S ; ;moo;RadWare i B 1
O saanl - B S 6000/ ii & & 8
2 8000} 1 NN g 3 6000E- a ; : g
S - S 5000~
S 6000[- 8 : ; s F % i g :
O I~ : : : O 4000 i : : :
L : 3000F § Pl
4000 I T B : = .
B A : 1000E I
2000 ] i £ i : = l i i [
] i 07 ll " J LA:
e i i I § g
0 T T \HHM [ I \HH|\ _1000;1u\uuﬂuu\uuluuluH\HHIHH\HHIHH
0 500 1000 1500 2000 2500 3000 3500 4000 4500 500( 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
E E
Y A

Draws identifiers for coincidence ys.

Can choose the isotopes and the maximum order of coincidences.
(only first order coincidences in *’Ni shown here)

https://radware.phy.ornl.gov/bgsub/bgsub.html

Firstforder y

Ga1led Y

Firstforder y



https://radware.phy.ornl.gov/bgsub/bgsub.html

[ The coincidence finder

-

> 8000 A
LT TIa Y i 3 : d
1y 7000 380 S o s 3
o — 8 d49 5 fge 3 3 g
S 6000|= €98 g 16 3 d i
= S3u =i i 3
= S000— =832 . g :
O 4000 fan” & 7 g 3
— L & 3 3 3
3000 i i g 5
2000F— ! q !
— | | |
1000f ; : :
oE»M_
-1000F=—
— | | I | 1 | ‘ | 1| I L1 1 I | 1 | I |- l | 1 | I | 1 | I | 1 1 I || I L1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000
E
Y

Higher-order coincidences are calculated recursively.
Can go up to infinite order...

But 3 orders seem to sufficiently describe most peaks from >’Ni

co-order vy ...

Third-ordgr y

Second-prder vy

Firstforder y
\

Ga1led Y

First-grder y

Second -order y

co-order vy ...

ascsove communcenrore S\ VLR cvesnar




The coincidence finder

Looking at all isotopes in database is necessary before identifying new gammas.

Intensity of the gate at 768 keV (768.87 @ 54Mn: 6* ->5"): 100%
Intensity of the gate at 768 keV (770.9 @ 55Fe: 11/2(-) -> 9/2-): 100%
Intensity of the gate at 768 keV (772.2 @ 55Fe: 9/2- -> 9/2-): %
Intensity of the gate at 768 keV (773.14 @ 55Co: 1/2- -> 3/2-): 100%
Intensity of the gate at 768 keV (763.2 @ 55Co: 13/2- -> 11/2-): 100%
Intensity of the gate at 768 keV 3766.4 @ 55Co: (21/2) -> 19/2-): 100%
Intensity of the gate at 768 keV (771.0 @ 57Co): ???

Intensity of the gate at 768 keV (773.93 @ 58Co: 3*,4* ->3'): 100%
Intensity of the gate at 768 keV (765.3 @ 58Co: (9°) -> (8°)): 100%
Intensity of the gate at 768 keV (770.5 @ 59Co: 5/2(-) -> 1/12-): 26%
Intensity of the gate at 768 keV (768.5 @ 57Ni: 5/2- -> 3/2-): 100%
Intensity of the gate at 768 keV (763.0 @ 58Ni: (5°) -> 4°): 100.0%
Intensity of the gate at 768 keV (766.65 @ 59Ni: 3/2(-) -> 3/2-): 5.32%
Intensity of the gate at 768 keV (764.17 @ 59Ni: (13/2)- -> 11/2-): 92%
Intensity of the gate at 768 keV (764.2 @ 60Ni: 13- -> 12-): 100%

The overwhelming number of
contributions in a single gate
shows the complexity of the task.

Only first order coincidences shown here
%8000 P~ SN NS = = @ TWL 3T Ml ®ee e BT 27
Te) 7000 s B S Fan r 8 & R T A L B Py
g RSN AR i B ¢ 3B RN S WD A2 B T4 459
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‘ Neutron Flux Spectrum

l

' ;I;arget properties (mass, A)

[ Reaction Rate Calculation

Expected Spectrum

] F;arameters (Beam I, distance)

Partial cross-sections (TALYS) J(—

Gamma transition cross-sections for all
isotopes locally simulated with TALYS

Efficiency, Run-time

tps://Inds.iaea.org/talys/ht
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https://nds.iaea.org/talys/

Neutron Flux Spectrum [ EXpeCted PrOjeCted Spectru m }

l Target properties (mass, A)
‘ Reaction Rate Calculation }——E Parameters (Beam |, distance)
Partal cross-sections (TALYS) _ J«——— > User can input parameters

specific to experiment.

Expected Yields Efficiency, Run-time

> TALYS can be replaced by any

4( Expected Gamma Spectrum }1— Resolution c-s genera tor relevant for
experiment.
Er!e':gy_;;:te Isotope List . .
(with widths) > Relevant information taken

| ) | from the nuclear databases
(ENSDF/XUNDL).

‘ Gammas in gate }<—/Level Scheme <
> Projected expected spectrum

Gammas in coincidence S ﬁ;atabases for each energy gate.
(infinite order) (ENSDF/XUNDL)

‘{ Expected Projected Gamma Spectrum |<—('\/§ranchlng Intensities }17

uil




Counts/0.5 keV

[ Expected Spectrum ]

Can overlay the simulated spectrum on the experimental spectrum, one example shown

here:
3500 ;_ Exp. Data E
3000 )
— e 55F o
2500} — 570?)
= e 57Ni
2000— | 58Co
e - 59Ni i
1500 — s,
10003 %
500 ¢ i LN :
:.E -f""i., i 1-._.". g ;g
0 E:fﬁ&ﬂ,‘@,:\;,eu':u,u,u,u,\%ﬁk\h’ﬂ;:\;uu L T -f-;r i
;l|III||[llIIIII‘III||II|||||||’IIII||II
480 485 490 495 500 505

Since the plot is more
readable, we go upto
infinite order here.

Current limitations of the
code:

e Normalization is needed
e Fraction of peak in gate

window not considered
e More realistic FWHM




[ Did such high flux of fast neutrons damage EXOGAM? ]

The beam flux on the Ni target is ~4.5 x 10® neutron/cm?/s.

Upto 50% degradation in FWHM after 12 days of effective beam time.

Effective beam time [days]

3.8 5.2 8.8
= . . X
E Damage expected with 6-70 MeV neutron beam [V.Borrel]
120 1
o X Damage observed
= ] Beam current = 10 uA
§ 1007 Beam current = 35 uA
Previously: we only had two L 80
[ L3 o
points from source calib runs = .
ul_ 40 A /X,/
z ’/”
I 201
= X
= i . : : ;
0 1 2 3 4 5

Neutron dose [108 n/cm?]

AN

L
Fast neutron-induced damage in INTEGRAL n-type HPGe detectors, V. Borrel et al. Nucl. Phys. A 430, 348(1999) e :u{u{ .62




[ Did such high flux of fast neutrons damage EXOGAM? ]

The beam flux on the Ni target is ~4.5 x 10® neutron/cm?/s.

Upto 50% degradation in FWHM after 12 days of effective beam time..

Consistent with V.Borrel[1999]

Now: Taking all target runs

(FWHM-FWHMg)/FWHMg [%]

60 -

40

Effective beam time [days]

0.1 2.3 2.9 3.4 3.94.34.65.15.4 9.0 1213.1
V.Borrel
x  Damage observed
————— Observed Trend Line X
X
XK X
————— )(-"——————
»Z(Xx e X
X ) IR Ll X A
XXX x—___)%-"—"(x X
_____ . X XX X
K _eemm=== X
———————— «X X
X
X
0 1 2 3 4 5

Fast neutron-induced damage in INTEGRAL n-type HPGe detectors, V. Borrel et al. Nucl. Phys. A 430, 348(1999)

Neutron dose [108 n/cm?]

AN




[ Did such high flux of fast neutrons damage EXOGAM? }

Higher degradation at higher energies

5 | [ ! ! V : '

. ¢ Before experiment
%‘ ¢ After 4 days of experiment 020 —g---o-6"""
X 3- 290 4 S .- : ete - e
= e iginn
224 ]
z

2| i

. 200 400 600 800 1000 1200 1400
Energy [keV]

7 S ml,
Fast neutron-induced damage in INTEGRAL n-type HPGe detectors, V. Borrel et al. Nucl. Phys. A 430, 348(1999) 0 slur—. 64




[ Did such high flux of fast neutrons damage EXOGAM? }

Max 1 keV shift of the peak mean position is observed

No observable effect on efficiency Effective beam time [days]
0.1 1.7 2.5 3.33.84.3 6.7 9.4
-
o0}
N 14545 4
<
©
£ A
€ 145401, "
© 1 L A
(@) (& % A A P A
> 4 A » “AM &
L 14535, ‘ R A At
AN
5 o
=
< 1453.0 1
—
Y
(o]
S 145251
(]
z T T T T
0 1 2 3 4 5

Neutron dose [108 n/cm?]

Fast neutron-induced damage in INTEGRAL n-type HPGe detectors, V. Borrel et al. Nucl. Phys. A 430, 348(1999)




The resolution and central mean were successfully recovered after annealing.

[ Recovered damage from neutrons

Possible to use thick Ge detectors for high-resolution y-spectroscopy at high neutron flux of fast

neutrons.

Normalized Counts

0.20

0.15

0.10

0.05

Red: Before Experiment
Green: After Experiment
Blue: After Annealing
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Fast neutron-induced damage in INTEGRAL n-type HPGe detectors, V. Borrel et al. Nucl. Phys. A 430, 348(1999)
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Built on ENSDF/NuDAT database

(~150 gamma transitions)
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Built on XUNDL database
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There are additional ~190 gamma transitions
which have been observed but not critically
evaluated (Not included in ENSDF)

Our data can provide the first cross-validation
of these transitions

After verifying everything we can start
looking for new transitions

>’Co is interesting because it can be
produced by (n,d) AND (n,n'p) channels

i el
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Cross-section [mb)]

Comparison of (n,np) Cross-sections (Talys, TENDL, EXFOR) Comparison of (n,d) Cross-sections (Talys, TENDL, EXFOR)

1000 == Talys: Total (n,np) cross-section — = Talys: Total (n,d) cross-section n
+ —— TENDL: Total (n,np) cross-section 50 { = TENDL: Total (n.d) cross-section it
# EXFOR: 1957 W 1961 -
&  EXFOR: 1960 W 1961 VNoa
P ® # EXFOR: 1961 W 1961 Y
800 o M @ EXFOR: 1961 w0l ¥ 1965 N
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2 #1979
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10
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o] ; o] |
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Neutron Energy [MeV] Neutron Energy [MeV]

> Discrepancy between simulation and data
> Disagreement between datasets

> Better measurements needed
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Built custom tools inspired by:

With additional features including:
> User-friendly

> Draws identifiers for coincident y for all orders

> Calculates simulated coincident gamma spectrum using
experiment-specific cross sections and parameters (e.g., Talys).
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Gating on 5/2° » 3/2-of >’Ni : 768 keV, +3 keV

Intensity of the gate at 768 keV (768.87 @ 54Mn: 6" ->5"): 100%
Intensity of the gate at 768 keV (770.9 @ 55Fe: 11/2(-) -> 9/2-): 100%
Intensity of the gate at 768 keV (772.2 @ 55Fe: 9/2- -> 9/2-): %
Intensity of the gate at 768 keV (773.14 @ 55Co: 1/2- -> 3/2-): 100%
Intensity of the gate at 768 keV (763.2 @ 55Co: 13/2- -> 11/2-): 100%
Intensity of the gate at 768 keV (766.4 @ 55Co: (21/2) -> 19/2-): 100%
Intensity of the gate at 768 keV (771.0 @ 57Co): ???

Intensity of the gate at 768 keV (773.93 @ 58Co: 3*,4" ->3"*): 100%
Intensity of the gate at 768 keV (765.3 @ 58Co: (9°) -> (8°)): 100%
Intensity of the gate at 768 keV (770.5 @ 59Co: 5/2(-) -> 1/12-): 26%
Intensity of the gate at 768 keV (768.5 @ 57NI: 5/2- -> 3/2- ) 00%
Intensity of the gate at 768 keV ;763 .0 @ 58Ni: (5°) ->4°): 100.0%

Intensity of the gate at 768 keV (766.65 @ 59Ni: 3/2(-) -> 312 5.32%
Intensity of the gate at 768 keV (764.17 @ 59Ni: (13/2)- -> 2- -): 929
Intensity of the gate at 768 keV (764.2 @ 60Ni: 13- -> 12-): 100%

> The overwhelming number of contributions in a single gate shows the complexity of
the task.

> Looking at all isotopes in database is necessary before identifying new gammas.
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mad TENDL 2019
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Data stored for ~15 < E
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206pp P | > More statistics is needed.
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