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Measurement of
the %?Ni(n,y) cross
section at n_TOF

= What?
= Why?
= Where?

= How?
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Why: S-process
®4Ni(n,y) cross section plays an important role in:

Weak s-process
Massive stars

Main s-process
AGB stars

Z, number of protons

Mixing in AGB stars
SiC grains

N, number of neutrons
N=8 >
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Why: Weak s-process

Fe and Ni are among the seeds of the s-process:

their (n,y) cross sections affect the abundances of all the heavier |sotopes

(no equilibrium)

Z, number of protons

z=28 ||

Z=20

N=20
N=8
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Why: Main s-process

Despite equilibrium, ®4Ni(n,y)
cross section has a global
impact on the main s-process
abundances

*Cescutti et al, MNRAS 478 (2018)

=82

=126

Z=50,

Z, numher of protons

z=28 ||

Z=20 N=50

=8

1 TN=28
N=20 N, number of neutrons

N=8

X o Th et
My work using the PizBuin Code*: ®4Ni(n,y) o x2
3 - : —| &
S 1.2 = mass fr. °C = 2E-2 *ﬁ
ks = .
é mE RN L = mass fr. °C = 5E-3 ’
< 1.1_7’. ] " EEoa,
@ B By LN R
= - . e,
T 1 =
T') : u - Nl mp m BN - i
o — m = - "am - ..... |
0.9~ - -
0.8 -
0.7 g
0.6
0.5 #
- €
04
::I'LDQDCOO(.QC)ON(Q(QNO(DO#OLDNCVJCOOVI'(DCOO')NCODNTI'OOCDCDCDNOQ#CO
ANt i e LR L L P g Y
O NND O 0
Q Qo

CEan #5573 UNIVERSITA . .
@ m INFN @ pectistuoi - Measurement of the $4Ni(n,y) cross section at n_TOF 5




Why: Main s-process

A large-scale MC sensitivity study using ctracton TPh o
PizBuin* confirms 4Ni(n,y) among the e
. : 0509
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Why: Mixing in AGB

®4Ni(n,y) cross section has an important effect on the
predictions of a model for mixing in AGB stars, based \ ‘
on magnetic buoyancy D. Vescovi et al., ApJ Lett. 897 (2020) i “V

5 (62Ni/58Ni)

Discrepancy

;II Jll!

& (51N|/53N|)

Possible inaccurate ®*Ni(n,y) cross section?
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Why: Data in literature

G (barn)

4Ni(n,y) time-of-flight data are
scarce...

= Farrell (1966), 1.AP37,367 (n,tot)
= Beer (1975), ).NP/A 240,29 (n,tot), (n, y)
=  Wisshak (1984), J.NSE 87,48 (n, V)

...and discrepant:

= P-wave resonances (only in (n, y) Beer)
9.52 keV resonance

= S-wave radiative kernels (factor 2)
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Why: Data in literature

4Ni(n,y) MACSs are also discrepant:

= Discrepancy TOF vs Activation*
measurements

*Heil (2008), J. PR/C 77, 015808
*Domingo-Pardo (2009), C 13NG, P230

= Discrepancy in the energy
extrapolation of the MACS
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Where: n_ TOF facility Sl
e

The n_TOF facility is a pulsed white neutron source at CERN

------ . EAR1 I
' EAR2 -
I | r‘,‘.“ q | '
E Neytrons un o RS
L i} == Collim i o
Neutrons h Vi \ o

3 ey~

It is characterized by:
ol Spallation

= NEAR target ™ High neutron flux
20 GeV/c protons from = Wide neutron energy range
CERN PS = High energy resolution
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How: The sample

4Ni enriched sample: 15 mm, 427 mg, 99.5 % ®*Ni enriched
Metal grains, cryo-milled and pressed

Work by R.Reifarth, T. Heftrich, D. Plonka et al. at Unversity of Frankfurt
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How: Setup

= y-rays from capture are
detected with 8 segmented ‘
C,D; liquid scintillators (sTED) e

ey

optimized for EAR2 z V

Alcayne et al., Rad. Phys. and Chem.

= Total Energy Detection
technique with Pulse Height
Weighting Technique
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How: Analysis

Detector Efficiency:

" TEDrequires e «E,

= PHWT establishes this
condition properly weighting
the counts, based on E,

= Weighting functions from -
MC simulations
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How: Analysis

Normalization: —y
= Gold sample of same dimension is used to normalize (B.I.F., efficiency,...) K
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How: Analysis

Background: Gamma rays produced by scattered neutrons

Total Signal

Beamon Empty

Estimated with ancillary
measurements:

Sample Neutron Scattering Sample In-Beam  Scattering

107"

Total Background

" Empty = sample-independent

Counts/bin/protons (a.u.)

"= Lead = sample-dependent in- 1012
beam gamma scattering

= Carbon = sample-dependent
neutron scattering 1013

tof - tflash (ns) =

Yz
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How: Analysis

Background: Neutron scattered by ®*Ni are captured by AIummum especially at 30ke

Total Signal

Direct Neutron Scattering
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|
-
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Sample In-Beam vy Scattering

Beamon Empty

Sample Neutron Scattering

Total Background

WCounts/bin/protons (a.u.)
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Preliminary Results
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Preliminary Results
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Preliminary Results

Preliminary MACS g T “Ni(nyy) MACS
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What? Measurement of the ®4Ni(n,y)

cross section 70

MACS (mb)

= Why? Global impact on s-process 60
abundances and crucial in testing a

mixing model of AGB stars >
40
= Where? n_TOF facility at CERN
30
* How? Optimized Segmented C.D,
20

scintillators

= Preliminary Results —eeeep.
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