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n_TOF: neutron time-of-flight facility
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n_TOF @ CERN

The advantages of n_TOF are a direct consequence of the characteristics of the PS proton beam:
high energy, high peak current, low duty cycle.

proton beam momentum 20 GeV/c

intensity (dedicated mode) 7x10° protons/pulse
repetition frequency 1 pulse/1.2s

pulse width 6 ns (rms)

n/p 300

lead target dimensions 80x80X60 cm”

cooling & moderation material N2& H20 (borated)
moderator thickness in the exit face 5cm

neutron beam dimension in EAR-1 2 cm (FWHM)

(capture mode)
INFN
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n_TOF @ CERN

3rd generation
spallation target

s pure Pb based

“* No-gas cooled, water
moderated

% Several innovations have
been introduced

= Nitrogen circuit
Demeniralized water circuit

=) Borated water circuit

=) Beam

Lead wedge
(Pur lead 99.99%)

Cover
(St Steel 316L Low cobalt <0.1%)

Moderator support
(Aluminium 6082)

_| Cradle assembly
(Aluminium 6082+ Pur lead 99.99%)

| Moderators
| (Aluminium 5083)

Total weight:
1900 Kg

Vessel
(St Steel 316L)

courtesy of Oliver Aberle and Marco Calviani, CERN
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= Nitrogen circuit
Demeniralized water circuit

| Moderators
| (Aluminium 5083)

n_TO F @ C E R N =) Borated water circuit
Lead wedge
m=p Beam (Pur lead 99.99%)
Cover Moderator support
(St Steel 316L Low cobalt <0.1%) (Aluminium 6082)

3rd generation
° Cradle assembly
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n_TOF: nuclear data for science (and technology)

Solar system elemental abundances
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n_TOF: nuclear data for science (and technology)
@ NPA - X

Solar system elemental abundances

How chemical 10° — 1 : . .
elements are 10° IH
. . 10' H He
synthesized in ol
\ the Universe? o'l eno

Number fraction X [%)]

BIG BANG Nucleosynthesis:

o 7Be(n, ) and "Be(n,p) cross section
measurement for the Cosmological
Lithium Problem.

Later in this presentation

Atomic number Z
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S process:

first measurement of the *Nb neutron
capture cross-section at the cern n_TOF
facility, by J. Balibrea Correa.

Tuesday 6, at 9:30

MACS measurements for nuclear
astrophysics at n_TOF/NEAR: Feasibility
study and first results, by E. Stamati.
Wednesday 7, at 14:40

New detection systems for an enhanced
sensitivity in key stellar (n, )
measurements , by J. Lerendegui Marco.
Thursday 8, at 11:00

Measurement of the 140Ce(n, y) cross
section at n_TOF and astrophysical
implications, by S. Amaducci.
Thursday 8, at 11:30

Poster by S. Lanzi: The impact of n_TOF
data on s-process nucleosynthesis
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C. Massimi et al., Universe 2022, 8, 100

n_TOF: nuclear data for science (and technology) ... so far

The n_TOF Collaboration list of publications:
https://twiki.cern.ch/NTOFPublic/ListOfPublications
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Stellar cross sections (MACS) for the s process

F. Kappeler, R. Gallino, S. Bisterzo, and Wako Aoki
Rev. Mod. Phys. 83, 157 — Published 1 April 2011
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Stellar cross sections (MACS) for the s process

Reducing the uncertainty in the stellar
cross section (MACS) is not only a
question of befter nuclear data: higher
accuracy in the reaction rates opens
the possibility to investigate new
astrophysical scenarios

[nuclear clocks, constrains on the BBN,
AGB modelling, nucleosynthesis
conditions in explosive scenarios,
meteoritic grains, others]

I N F N courtesy of Alberto Mengoni

Istituto Nazionale di Fisica Nucleare NPA-X 2 02 2 , 4— 9 Septe m be r 2 02 2 , CERN

F. Kappeler, R. Gallino, S. Bisterzo, and Wako Aoki
Rev. Mod. Phys. 83, 157 — Published 1 April 2011
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Stellar cross sections (MACS) for the s process

U. Abbondanno, et al. (The n_TOF Collaboration), Phys. Rev. Lett. 94 (2004) 161103
C. Lederer, et al. (The n_TOF Collaboration), Phys. Rev. Lett 110 (2013) 022501
C. Guerrero, et al. (The n_TOF COllaboration), Phys. Rev. Lett. 125 (2020) 142701

European
Research
Council

Sample Half-life (yr) Q value (MeV) Comment
LoN; 100] 60,066 TOF work in prorcss (Coure, 20000 ool with low corichmen)

Se 2.95 X 10° B, 0.159 Important branching, constrains s-process temperature in massive stars

°TKr 229 X'10° EC, 0.322 Part of "Se branching

85Kr 10.73 B, 0.687 Important branching, constrains neutron density in massive stars

SZr 64.02 d B, 1.125 Not feasible in near future, but important for neutron density low-Tmass
AGB stars

34Cs 2.0652 B, 2.059 Important branching at A = 134, 135, sensitive to s-process temperature in
low-mass AGB stars, measurement not feasible in near future

135Cs 2.3 X 10° B, 0.269 So far only activation measurement at kT = 25 keV by Patronis et al. (2004)

4TNd 10981 d B, 0.896 Important branching at A = 147/148, constrains neutron density in low-mass
AGR stars

47pm 2.6234 B, 0.225 Part of branching at A = 147/148

SPm 5368 d B—. 2464 Not feasible in the near future

5TSm 90 B, 0.076 Existing TOF measurements, full set of MACS data available (Abbondanno
et al., 2004a; Wisshak et al., 2006¢)

S4By 8.593 B, 1.978 Complex branching at A = 154, 155, sensitive to temperature and neutron
density

155Ey 4.753 B, 0.246 So far only activation measurement at kT = 25 keV by Jaag and Kippeler
(1995)

153Gd 0.658 EC, 0.244 Part of branching at A = 154, 155

160Th 0.198 B, 1.833 Weak temperature-sensitive branching, very challenging experiment

163Ho 4570 EC, 0.0026 Branching at A = 163 sensitive to mass density during s process, so far only
activation measurement at k7 = 25 keV by Jaag and Kippeler (1996b)

0Tm 0.352 B, 0.968 Important branching, constrains neutron density in low-mass AGB stars

Tm 1.921 B, 0.098 Part of branching at A = 170, 171

"7Ta 1.82 EC, 0.115 Crucial for s-process contribution to "®'Ta, nature's rarest stable isotope

185w 0.206 B, 0.432 Important branching, sensitive to neutron density and s-process temperature in
low-mass AGB stars

ol 3.78 B, 0.763 Determines 2°Pb/>TI clock for dating of early Solar System

F. Kappeler, R. Gallino, S. Bisterzo, and Wako Aoki
Rev. Mod. Phys. 83, 157 — Published 1 April 2011
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Stellar cross sections (MACS) for the s process
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185w 0.206 B, 0.432 Important branching, sensitive to neutron density and s-process temperature in
low-mass AGB stars ;
T 3.78 B, 0.763 Determines 2°Pb/2TI clock for dating of early Solar System ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



https://doi.org/10.1103/PhysRevLett.93.161103
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Stellar cross sections (MACS) for the s process

Stellar spectra: AGB (8, 23 keV) and Massive stars (25, 90 keV)
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Stellar cross sections (MACS) for the s process

Stellar spectra: AGB (8, 23 keV) and Massive stars (25, 90 keV)

— kT = 8 keV
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Neutron flux

Stellar cross sections (MACS) for the s process

1

What is important is the Maxwellian Averaged Cross-Sections

" KT =8keV

107"

(MACS) af various temperatures (kT depends on stellar site).

102k

10°:

Reaction rate (cm3s™).  r = NyN,vo(v) mms) 1 = N,N, {0 V)

ALl o vl v il el ) L

10
-2 -1 2 3 4 5 (]
10 10 1 NeL?ron za(r)lergy1 ?eV) 10 10° 10

. 2 ©
macs =70 _ f o(E)Ee~E/D
U Vr(kT)? J,

— o — o s T o s TR RN o s e S O e e RS o

l Two methods to determine MACS:

— e = e e e e
— e o o gy, f ™

AN =

ALMA MATER STUDIORUM
Istituto Nazionale di Fisica Nucleare NPA-X 2022, 4-9 September 2022, CERN maSSimi@bO.infn.it UNIVERSITA DI BOLOGNA



Neutron flux

Stellar cross sections (MACS) for the s process

10 T -siev What is important is the Maxwellian Averaged Cross-Sections
i (MACS) at various temperatures (kT depends on stellar site).
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Neutron flux

Stellar cross sections (MACS) for the s process

What is important is the Maxwellian Averaged Cross-Sections

“TKT =8keV
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Fission program not included in the list !!!

Stellar cross sections (MACS) for the s process

P N=50
& 10"
o . -— Zr
Cross sections measured in 2001 - 2022 I -
@ r
< Branching point isotopes: Fuwl W\ n ¢ O & :
2 1 r
151§ m, 63Ni, 147Pm, 17'Tm, 20371, 79Se 2 \ : & O m |
] _ 0 100 200 As g 0 Vs
% Abundances in presolar grains: Mass Number i '5>_ N —
91,92,93,94,%Zr 94,96Mo 31, } L\ \‘\ s
’ Ni D \\ N
< Magic Nuclei and end-point: o ——
139 g, 140Ce, 90Zr, 87Y, 88Sr, 204,206,207,208pfy 209B;j SFg \
o H . Seedfor  s-Process s-Branchings
s Seeds isotopes: sProcess Reaction (%N, PSe, BKr, .. )

Path
54,56, 57Fa 58,60,62Nj 59Ni(n OL)

% Isotopes of special interest:

186,187.188Qs (cosmochronometer),’?”Au (reference cross section), 242526Mg, 33§(n,a), “N(n,p), 3*CI(n,p).
26Al(n,p). 2Al(n,a) (neutron poison), 1%4Gd (s-only isotopes), 7394Nb, ¢8Zn, ¢771Ga, 70.7273.747¢Ge, 77.78.80§e

(weak component), 155157.160Gd, 7Li(n,p), “Li(n,o.) Big Bang Nucleosynthesis
< Neutron Sources 22Ne(a,n)»Mg and 3C(a,n)éO:

n+25Mg' n+16o
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. Fission program not included in the list !!!
Stellar cross sections (MACS) for the s process

P N=50
< 10°
o o = Ir
Cross sections measured in 2001 - 2022 3 -
I
% Branching point isotopes: @ NPA - X: ¢ O & :
Nt 14 203 New detection systems for an enhanced Br %
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. . implications, Path
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< Isotopes of special in| Thursday 8, at 11:30
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26 Al(n,p), 2¢Al(n,a)) (neutron poison), 1%4Gd (s-only isotopes), ?
(weak component), 155.157.1¢0Gd, 7Li(n,p), ’Li(n,o) Big Bang Nuclé¢
< Neutron Sources 2Ne(a,n)2Mg and 13C(a,n)1¢0:

n+25Mg' n.|.'| 60
INFN V/\
nTOF

Istituto Nazionale di Fisica Nucleare NPA-X 2 02 2 , 4— 9 Septe m be r 2 02 2 , CERN

24.2526Mg, 338(n,a), “N(n,p), 3Cl(n,p),

682“, 69,71 Gq' 70,72,73,74,76Ge' 77,78,BOSe

@ NPA - X:
first measurement of the *Nb neutron capture
cross-section at the cern n_TOF facility,
by J. Balibrea Correa.
Tuesday 6, at 9:30
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Examples of relevant and/or challenging measurements

< 7AU(n,y)
% ’Be(n,p) & ’Be(n,a)

% 26Al(n,p) & 2°Al(Nn,a)

(IR

Istituto Nazionale di Fisica Nucleare NPA-X 2022, 4_9 September 2022, CERN nTOF mass|m|@b0|nfn|t lAJ[I\lNI\O[T{‘:\lTTFAR[i[ng]LgEKIim



Examples of relevant and/or challenging measurements

195T| 196T| 197T| 198T[ 199T| 2OOT[ 201T| 202T[
1.16 h 1.84 h 2.84 h 5.30 h 7.42 h 1.09d 3.04 d
194Hg 196Hg 199Hg ZOOHg 201Hg 202Hg
TS ]97 443.96 a . 0.15 16.87 23.1 13.18 29.86
*%* AU (n,'Y)
193Au 194Au 195Au 196Au 198Au 199Au ZOOAU ZOlAu
17.65 h 1.58 d 186.11 d 2.70d 3.14d 48.40 m 26.00 m
192Pt 193Pt 194Pt 197Pt 198Pt 199Pt 200 Pt
0.782 50.01 a 32.967 19.89 h 7.163 30.80 m 12.50 h
1911[’ 1921I’ 196Ir 197Ir 1981r 1991r
52.00 s 5.80 m 8.00 s 20.00 s

37.3 73.83d

1910s 19205 3 19505 19605 19705
15.40d 40.93 9.00 m 34.90 m 2.80 m

V nTOF maSSi ml@b0|nfn|t 'L\J]NN(‘\’\/(‘}Q;\\‘TKY\S\I 11181[8?5‘&

Istituto Nazionale di Fisica Nucleare NPA-X 2 02 2 , 4— 9 Se pte m be r 2 O 2 2 , CERN




197Au(n,y), a reference cross section

courtesy of Frank Gunsing

n+
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197Au(n,y), a reference cross section

m
S

A

n+
197A4

S,= 6.5 MeV

&

Istituto Nazionale di Fisica Nucleare

L og

NPA-X 2022, 4- ptember 2022, CERN

Jﬂﬁ

The C4D4 Total Energy Detectors (TED)

CeDg scintillators
at 135°
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197Au(n,y), a reference cross section The C,D, Total Energy Detectors (TED)

CeDg scintillators
at 135°

m
S

|
»le

n+
197A4

S,= 6.5 MeV

&

Au
Carbon
—— Without sample

Response / (1/ MeV)
=)
T

<
<

198 0 2 4 6 8 10 12 14
Au Deposited energy / MeV
INFN & D %
Istituto Nazionale di Fisica Nucleare NPA-X 2022, 4— eptember 2022, CERN nTOF maSSIml@bOInfnlt GLA?C[%CIT&RSFESILSE%&



MACS ratio

197Au(n,y), a reference cross section

Cooperation/Collaboration
with other facilities: GELINA

C. Massimi, et al., 2¥7Au(n, ) cross section in the resonance region, Phys. Rev. C 81 (2010) 044616
C. Lederer, et al., Au197(n,y) cross section in the unresolved resonance region, Phys. Rev. C 83 (2011) 034608
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C. Massimi, et al., Neutron capture cross section measurements for 1°”Au from 3.5 to 84 keV at GELINA, Eur. Phys. J. A 50 (2014) 124
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s-process [Standards] [Logbook] [FAQ] [Links] [Contact]

p-process

¥ Recommended MACS30 (Maxwellian Averaged Cross Section @ 30keV)

197Au (n,y)198Au

Total MACS at 30keV: 611.6 = 6.0 mb Yio

aseqe®

Cross sections do not include stellar enhancement factors!

¥ History

Version Total MACS [mb] Partial to gs [mb] Partial to isomer [mb]
1.0 611.6 £ 6.0 - -
0.0 582 + 9 - -

(Version 0.0 corresponds to Bao et al.)
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MACS ratio

197Au(n,y), a reference cross section

Cooperation/Collaboration
with other facilities: GELINA

C. Massimi, et al., 2¥7Au(n, ) cross section in the resonance region, Phys. Rev. C 81 (2010) 044616
C. Lederer, et al., Au197(n,y) cross section in the unresolved resonance region, Phys. Rev. C 83 (2011) 034608
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C. Massimi, et al., Neutron capture cross section measurements for 1°”Au from 3.5 to 84 keV at GELINA, Eur. Phys. J. A 50 (2014) 124

(o(n;y) E™ )/ (barn keV'"?)

@ NPA - X:
Experimental work at JRC Geel,

by C. Paradela Dobarro.
Wednesday 7, at 14:45
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MACS ratio

197Au(n,y), a reference cross section

C. Massimi, et al., 2¥7Au(n, ) cross section in the resonance region, Phys. Rev. C 81 (2010) 044616
C. Lederer, et al., Au197(n,y) cross section in the unresolved resonance region, Phys. Rev. C 83 (2011) 034608
C. Massimi, et al., Neutron capture cross section measurements for 1°”Au from 3.5 to 84 keV at GELINA, Eur. Phys. J. A 50 (2014) 124
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Experimental work at JRC Geel,
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Examples of relevant and/or challenging measurements

% ’Be(n,p) & ’Be(n,a)

(IR
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Cosmological lithium problem and 7Be

decay of ’Be
(T]/2:53.2 d)

10—

3He/H
o
&

(ot,n) (o,y)
baryoil Eizensity Qh?

0.26 F—————— (T : o

0.25E =
>

0.24 %— —é

0:23¢ ~ 95% of Li is
S produced by the

TTT]

‘Be is the key

1 1 11111l

Li/H

—_
o
L
)
T
|

—_
o
|
-
=)
—
o bu
|
©

baryon—-to—photon ratio 7

(n,00)
BBN successfully predicts the abundances of primordial elements such as 4He, D and
SHe. Large discrepancy for ’Li, which is produced from electron capture decay of 7Be

INFN h

Istituto Nazionale di Fisica Nucleare NPA-X 2 02 2 , 4— 9 Septe m ber 2 02 2 , CERN

TUDIORUM
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Cosmological lithium problem and 7Be

l7Be is destroyed by: .

R I
l. (no)~25% _ ' ~ - = T—
" With a 10 times higher destruction rate I —— e
| of 7Be the cosmological lithium problem
= could be solved (nuclear solution o ,
] u | u | u (_ u | u ] | )_ u J -‘:' 0,001 P. BaSSI 1963
S T
7Be(n:P) T |A Exfor (,P)3-LI-7 P.E.Koehler+, 1988 DATA § o
100000 . M Exfor (,P)3-LI-7 Yu.M.Gledenov+, 1987 DATA S
@® Exfor (,P)3-LI-7 J.Cervena+, 1989 DATA 1E-51
— ENDF/B-VII.L1 MT=600 : (z,p0) Cross section i
'% 100 T

I L s L ! PR " P 1l I " P
t 1 1 t t t 1 t
10 1E-7 1E-6 1E-5 1E-4 0,001 0,01 0,1 1 10

Incident energy (MeV)
1

0,1

1E-7 1E-6 1E-5 1E-4 0,001 0,01 0,1 1 10

o ident energy (1ov) Data in the literature: scarce and uncertain
INFN
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Cosmological lithium problem and 7Be

The (n,a) reaction produces two a-particles emitted back-
to-back with several MeV energy (Q-value=19 MeV)

2 Sandwiches of silicon detector (140 um,3x3cm?) with ’Be
sample in between directly inserted in the neutron beam

Coincidence technique: strong background rejection

neutrons

Istituto Nazionale di Fisica Nucleare NPA-X 2 02 2 , 4— 9 Septe m be r 2 02 2 , CERN

AN .

M. Barbagallo et al. (The n_TOF Collaboration), Phys. Rev. Lett. 117 152701 (2016)

" Bassietal (1963) @
101 L : Wagoner (1969) —— |
n_TOF data —=—
partial DRC calc ——
total DRC calc ——
100 [Hou et al. (2015) —a—}]
ENDF/B-VIL.1 —=—
= [Kawabata et al. (201~ = |
< " evaluated (n,a) cross seefion
§ 10
g
G 1072
103
104 L= : : ' : :
102 10" 10° 10" 102 103 104 105 108
neutron energy [eV]
4 I Electrodeposition
3 L 1 on a 5-ym-thick Al foil
2 | droplet deposition on
1 e a 0.6-uym-thick

polyethylene foil

ALMA MATER STUDIORUM
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https://dx.doi.org/10.1103/PhysRevLett.110.022501

Cosmological lithium problem and 7Be

The (n,p) reaction cross section in very high

Q-value=1.6 MeV
Silicon counter telescope AE-E

A few ng of 100% enriched sample is needed.

5cm i
E HHI Neutron beam
300 um 20 pm
INFN D
Istituto Nazionale di Fisica Nucleare NPA-X 2022, 4_9 September 2022, CERN nTOF mass|m|@bo|nfn|t lAJ[I\lNI\\//\[Tl‘é\lTTFARL;IngngEl;m



L. Damone et al. (The n_TOF Collaboration), Phys. Rev. Lett. 121 042701 (2018)

Cosmological lithium problem and 7Be r Cooperation/Collaboration
with other facilities:
PSI, ISOLDE

Sample characterization @PSI

yCoord / mm

xCoord / mm

* 200 GBq of Be extracted from the cooling water of the SINQ spallation source at PSI

* Transported to ISOLDE at CERN and installed in the ion source to produce 30 keV ion beam.

* 7Be beam separated by means of a magnetic dipole, and implanted on a 20 m thick aluminum backing.
» Sample of 1 GBgq 7Be (~80 ng) transported to EAR2@n_TOF and placed in the neutron beam.

’Be(n,p)

INFN D &
nTOF ALMA MATER STUDIORUM

Istituto Nazionale di Fisica Nucleare NPA-X 2022, 4-9 September 2022, CERN massimi@bo_infn_it UNIVERSITA DI BOLOGNA


https://dx.doi.org/10.1103/PhysRevLett.110.022501

L. Damone et al. (The n_TOF Collaboration), Phys. Rev. Lett. 121 042701 (2018)

Cosmological lithium problem and 7Be r Cooperation/Collaboration

with other facilities:
PSI, ISOLDE

Sample characterization @PSI

yCoord / mm

xCoord / mm

200 GBq of 7Be extracted from the cooling water of the SINQ spallation source at PSI

Transported to ISOLDE at CERN and installed in the ion source to produce 30 keV ion beam.

’Be beam separated by means of a magnetic dipole, and implanted on a 20 m thick aluminum backing.
Sample of 1 GBq "Be (~80 ng) transported to EAR2@n_TOF and placed in the neutron beam.

-
o

’Be(n,p)

o0}
L

—#— Hanna (1955)
=8 Gledenov et al. (1987)
o [ 7" Koehler et al. (1988)

—=#— Cervena et al. (1989) '
— ENDF/B-VII.A [
A n.TOF

o | sl PEEETRTTTT | |

107 10®%  10% 10* 10° 102 10"  10° s/
neutron energy [MeV] NTOF SRIVERSITA D EOLOG A

cross section x E'2 b MeV”z]



https://dx.doi.org/10.1103/PhysRevLett.110.022501

L. Damone et al. (The n_TOF Collaboration), Phys. Rev. Lett. 121 042701 (2018)

Cosmological lithium problem and 7Be r Cooperation/Collaboration

with other facilities:
PSI, ISOLDE

Sample characterization @PSI

yCoord / mm

’Be(n,a) and 7Be(n,p)

results exclude these

200 GBq of 7Be extracted from the cooling water of the SINQ spallation source at PSI R
Transported to ISOLDE at CERN and installed in the ion source to produce 30 keV ion beam. Chqnnels as da SOIU‘l'lon for
’Be beam separated by means of a magnetic dipole, and implanted on a 20 m thick aluminum backing.

Sample of 1 GBq "Be (~80 ng) transported to EAR2@n_TOF and placed in the neutron beam. ihe prObIem

-
o

Smith et al. (1993) ——
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https://dx.doi.org/10.1103/PhysRevLett.110.022501

Examples of relevant and/or challenging measurements

% 26Al(n,p) & 2°Al(Nn,a)
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The cosmic y—ray emitter 26Al

INTEGRAL Measured abundance 2.8(8) Solar Masses
[R. Diehl, Nature 439, 45(2006)]

<R

Istituto Nazionale di Fisica Nucleare

ALMA MATER UDIORUM
nTOF UNIVERSITA DI BOLOGNA

C llliadis et al., Ast. J. Supp. 193, 16 (2011)
Sensitivity study of 26Al abundance in Massive stars

FACTOR CHANGES OF FINAL 26ALY ABUNDANCE RESULTING FROM REACTION RATE VARIATIONS FOR
CONVECTIVE SHELL C/NE BURNING® , ASSUMING FIVE SPECIES OF 26AL

Reaction” Rate multiplied by
100 10 2 05 0I 000 Source Uncertaintyd

BAI(np)®Mg 0017 016 063 13 1.9 20  present

BMg(p,y)®Ale 29 54 15 063 035 020 110 5%
BMg(py)®AI™ 67 30 .- . 075 071 10 6%
BAPMma)®Na 042 054 ..o . .o .o present
BA™(np)*Mg 058 ... ... .. .o .o present

2 26Al(n,p) and 26Al(n,a) reaction rates represent
critical uncertainties for 26Al material processed by
explosive and convective burning in massive stars
and ejected into the ISM by core collapse supernovae




The cosmic y—ray emitter 26Al

(a)
Al sample
Silicon \ % v X
Detectors ; ‘I__
- '/

Neutron

beam
(b)

Neutron

50 um SSD 20 um SSD beam

Istituto Nazionale di Fisica Nucleare

NPA-X 2022, 4-9 September 2022, CERN

C. Lederer-Woods et al. (The n_TOF Collaboration), Phys. Rev. C 104 L032803 (2021)
C. Lederer-Woods et al. (The n_TOF Collaboration), Phys. Rev. C 104 L022803 (2021)
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Backup (NEAR)

The NEAR Station

neutron fluence

SACS for Au197 (ENDF/B-VIII.0 data)
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Backup (“Be)
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Backup

Detectors fOf' (n’Y) reaction Capture reactions are measured by

Ghpane 7 detecting y-rays emitted in the de-excitation
/ - B process. Two different systems, to
T minimize different types of background

ALMA MATER STUDIORUM

C%[‘bon Flbr36 ) ‘ UNIVERSITA DI BOLOGNA
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Backup
Detectors: (n,p) and (n,a) reactions

Gas and solid state detectors are used for detecting charged particles, depending
on the energy region of interest and the Q-value of the reaction

Silicon detectors

Silicon sandwich

Diamond detector
E-E Telescopes

Mylar (1.5 um) Aluminiu m (10 Angstrum)

Sample (S-33)

B - I — Plexiglas
neutrons (acive area @ = 10 cm) i

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Backup

Several systems have been used for detecting fission fragments.
The main problem in fission measurements is the background due to a-decay.

Parallel Plate Avalanche Counters (PPAC)
* Fission fraaments detected in coincidence

* Very good rejection of a-background

Micromeaas chamber

* low-noice, high-gain, radiation-hard detector

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



Backup I

Flux detector
SLiF
n Si
detector
4He

n+6Li = 3H + %He
Q-value =4.78 MeV
3H: 2.73 MeV

4He: 2.05 MeV

1 15 2 25 3
Energy [MeV]

Istituto Nazionale di Fisica Nucleare

Transmission

MSX09-3007 3 cm x 3 cm,
300 um thick > particle range
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Backup

INFN

Istituto Nazionale di Fisica Nucleare
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s-process branching at '3'Sm

% branching isotope in the
Sm-Eu-Gd region: test for Gd
low-mass TP-AGB
H-burning 108 K, He-Shell
flashes 2.5-2.8 x 108K

Eu

% branching ratio
(capture/p-decay) Sm
provides information on
the thermodynamical
conditions of the s-
processing (if accurate

capture rates are ﬁ,’ B samiDles
known!) @ p

180 mg of 1°1Sm
184 GBq
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MACS_3O — 3‘| OO + ] 60 m b U Abbondanno et al. (The n_TOF Collaboration), Phys. Rev. Lett. 93, 161103 (2004)
<Dy> =1.4820.04¢V,

S. Marrone et al., (The n_TOF Collaboration) Phys. Rev. C 73, 034604 (2006)
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- enhancement of the 1>*Gd yields in AGB's: 91% wrts, while

152Gd is at 78% wrts
- remaining uncertainty is the g-decay rate of '>'Sm

(IR
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1156 mg (ILL), 12% ¢3Ni (240 GBQq)

first experimental data on 3Ni(n,y) at astrophysical relevant energies

MACS = 66.7 (18.7) mb, a factor 2 higher wrt previous estimations
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2Ne(a,n)**Mg

Element

Spin / parity

O+

4He

O+

Only natural-parity states in Mg can
participate in the 2Ne(a ,n)2Mg reaction

Jr=0% 1, 2% 3,4" ...

J=T+i+7

Istituto Nazionale di Fisica Nucleare

=1

NPA-X 2022, 4-9 September 2022,

Study of 26Mg levels via n + 22Mg

n + Mg
Element Spin/parity
J E,
25Mg 5/2*
—rTe neutron 1/2+
x 1+ 11.154]
=) 2¢ 11112
- o s-wave >Jm= 2+ 3+
o e ’ p-wave >J7=1-, 2-, 37, 4-
' | d-wave 2>J7= 0%, 1%, 2% 3%, 4* 5
4 10.69 Sa=11.003
Q= 1;).615 2t 2.938 E
2 1.809 ;
i o
26Mg
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151Sm(n,y) The C4D, Total Energy Detectors (TED)

1 s 4 x C¢Dg scintillators
= 135°: in-beam y-rays @
E.
n+ T e e
AX @M’\’L\
Efficiency to detect a cascade UNKNOWN:
S, =10 MeV depends on the cascade path
AX

A+|X

A+1 X

<% L
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1515m(n,'Y)

1
E.
=
n+ e s b
” @le\
S,=10 MeV
AX

A+|X

A+1 X
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The C4D4 Total Energy Detectors (TED)

4 x CgDg scintillators
135°: in-beam y-rays W

TED: Based in two principles
= Condition I : Low efficiency detectors €,<<1
Detecting a cascade: €=1-P(1-€)~ Y €,

= Condition Il: The efficiency is proportional to E,

(€dw =k ) Ey=KE
i=1
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The C4D4 Total Energy Detectors (TED)

4 x CgDg scintillators §
135°: in-beam y-rays ¥

n+
AX
S,=10 MeV
n Monte Carlo simulations are
- required to give to each signal an
amplitude dependent weight:
@ Pulse Height Weighting Technique

A+|X

A+1 X
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