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Radiative Neutron Capture




Radiative Neutron Capture

n (ZA) (Z,A+1)*

. - @

- e

57 so. EEYMMco . et
°’Co °“Co e °“Co "*Co




1. Neutron-Nucleus interactions?

@0 ¢
>4 o >4 o ?
o0 o0 0
Elastic/Inelastic Neutron radiative Fission
scattering capture
Y Many others:
on | *® (n,p), (n,c),
‘ ‘ " knock-out,
e v o e Y spallation
o0 Y Y




Radiative Neutron Capture
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Neutron-induced reactions in reactors
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These isotopes, today’s nuclear waste, will be the fuel of the
next generation of nuclear reactors (safer & cleaner):

New fuel composition + New/I-!igher neutron energy ranges

FF + Energy

v

Very substantial need of new/accurate (n,*) cross sections



Neutron-induced reactions in reactors

Reactor
Accelerator N
(600 MeV — < 4 mA proton) * subcritical mode (50-100 MWih)
» critical mode (~100 MWith)
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Abundance

Neutron-induced reactions In reactors

- Fresh fuel

[ ] Spentfuel (2 years of cooling)
I ADS fuel

CHALLENGES
- Available in small quantities
- Radioactive
- Fissiles (some)
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Radiative Neutron Capture

Why?

- Applications: New (cleaner & safer) nuclear energy
technologies (ADS)
—>Basic Science: Nucleosynthesis of heavy elements
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Why (n,g) measurements?: Nucleosynthesis in stars

—>Neutrons produce 75% of all the elements

= 0.005% of the total abundances (!)

- 10-12 orders-of-magnitude difference between H and the rarest (heaviest) nuclei (!)
BB<—Fusion —><—Neutrons ———— 7777 >
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Big-bang

BCNOFNe
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El origen de los elementos pesados: procesos sy r
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The rapid (r-) neutron capture process

 Several candidates: SNe, NS-Mergers, NS-BH Mergers, etc T=108-10"10K
 High entropy and neutron density conditions required N, = 10%°-10%" cm-3

Vetn—2>pte
votp=2>n+e’

Argast et al., 2004

Arcones, 2011

Cas A (Chandra X-Ray observatory)



R-process nucleosynthesis
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R-process nucleosynthesis: relevant nuclear input

T10—11—r1  entropy [ke/nuc.] EEL S
t=300ms 25 RESTERRIERIRRRIRRRIEE == :
20 o known t EEEEEE i
70 1/2 ' =
N e T -
15 2 60 : 4
E AL = -1}
10 2 50
L
. §4°
Z 30
20 : ;
ntr [ke/nuc.] 10 i
e opy t_700u § %#E#‘;ﬂ-‘ | 1 1 1 | 1 1 1 | 1 1 1 ] 1 1 1 | 1 1 1 | 1 1 1 | 1
- = 20 40 60 80 100 120 140

Neutron number N

ny

N e e N WA

10 time (s)

8 11 entropy [10? kg/nuc.] 3.0y
T10—=I11-r1 =3500ms [
6 3
2.02
4 1.5
1.0

2
0.5

0

O : v ) > —~>Neutron capture dominates most of the reactions over
z |107 cm

Arcones, 2011 the full r-process flow of matter through higher masses



Abundance
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The s-process mechanism
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s process in Massive Stars (Red Giants)
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Two different s-process sites

TP-AGB stars 1-3 M, massive stars > 8 M,
shell H-burning He-flash core He-burning shell C-burning
0.9-108 K 3-3.5-108 K 3-3.5-108 K ~1-10° K
kT=8 keV kT=23 keV kT=26 keV kT=91 keV
107-108 cm3 1010-10"" cm-3 106 cm3 1011-10"2 cm-3
13C(*He,n)'¢0 22Ne(*He,n)**Mg 22Ne(*He,n) Mg
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Radiative Neutron Capture

Techniques?

Challenges and solutions!

20



Production of neutron beams

J

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear”
1% ‘ Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)



g Production of neutron beams

e Nuclear reactors]‘ ill
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g Production of neutron beams

e Nuclear reactors]‘ '.ll

NEUTRONS

e Electron LINACs } /lW

Institute for Reference
Materials and Measurements

e e + U - Bremsstrahlung - photofission
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g Production of neutron beams
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Production of neutron beams
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CERN n_TOF facility
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CERN n_TOF facility
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CERN n_TOF facility
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The n_TOF lead spallation target

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear”
Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)




PS Protons
(20 GeV/c)

Neutrons

(meV to GeV)

200 m

1 cm cooling (water)

4 cm moderator (water/borated water)

usr

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear”
Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)




(n,y) Cross sections via prompt y-ray(s) detection




The TOF technique:

185 m

Spallation residue

o, B,y decay

Y Fission products



The TOF technique:
9
@

185 m “

En =% m (L/At)?

Counts (a.u.)

E, (eV)



The TOF technique:

Why 90|n9 S0 fart7e?

185 m
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The TOF technique:
9
|

Why going so farll???

— ”
I—

185 m “

En =% m (L/At)?
dEn = En((dAt/At)+2(dL/L))

dEn = En((dAt/At)?+(2dL/L)%)"2
dEn oc 1/L



Radiative Neutron Capture

1) Detect a gamma-ray “characteristic” of the capture cascade

2) Detect at most one gamma-ray of the capture cascade

3) Detect all the gamma-rays for each capture cascade 28



1) Detect a “characteristic” y-ray
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Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear” @
Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)



1) Detect a “characteristic” y-ray
e ANNRI @ J-PARC (Japan)

top view and side view of the ANNRI.

Nal(Tl) detectors

=

Disk chnpper (14m) Collimators Ge detector-arrav (21.5m)

oy Cd aperture plates 1 mm slit

2m

detect01 //
%

neutron beam

chopper

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear” @
li%é Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)




1) Detect a “characteristic” y-ray

Limitation in accuracy:
One needs tﬂ" now th IatmspwﬁtnﬁMehhmterlshc(s) v-ray line(s)
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Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear”

Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)



2) Detect all y-rays of the cascade

The TAC consists in 40 BaF, crystals (12 pentagonal and 28 hexagonal) with a thickness of
15 cm. It has a nearly 100% efficiency for detecting capture events.




2) Detect all y-rays of the cascade
TAC

counts

>

Total Energy in TAC

TAC rate as a function of TimeOfFlight, mT>2 & 2.5< E(MeV) <7.5
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2) Detect all y-rays of the cascade

++@—> @ T~ 10716 TAC

AP AAAAA
P

D

X
\
C
\
Q

_S'__ B B

TAC rate as a function of TimeOfFlight, mT>2 & 2.5< E(MeV) <7.5

2 187 )
g ‘Au RAW
Energy deposition spectrum for 23’Np in the neutron energy range 1 eV - 10 eV 8 All backgrounds
—_ - . - [L Sample Independent background
3 H ambient background (*°K) islici 10° P . > : ]
s H 9 0 < multiplicity < 10 il
£ 30000 [ 72 MV gEmTa Py 1 < multiplicity < 10 | I} !i 1
3 - due to capture in H 2 < multiplicity < 10 IS
o C
v F /\ / 3 < multiplicity < 10 N
25000 L/ ™ |
SR, R
C 104 1
20000 |- i
- o = I | A
. \ /‘ﬂ\/ Capture peak at S, = 5488 keV ] i ¢ i
15000 "N\WM\ Mﬁ’ 1 4 1 It
o ; VoS |
10000E P/ i \ i At 10° & osil L A o i
- .Jj e Capturein ! by | Jgh i .
S /// \ 7 P A i i Xoe
o0 \ ) R A E e
i &JA L1 L1l L1l L1 L1l L1 | L1 |[I | L1 L1 1 )(103
Er o L b Lo o Lo NS ’FT‘.’,/I‘T.\M_ 1300 1400 1500 1600 1700 1800 1900 2000 2100
1000 2000 3000 4000 5000 6000 7000 8000 9000 TOF(ns)

E oum (keV)

C. Guerrero, et al. (CIEMAT)



2) Detect all y-rays of the cascade

S T Arty - [
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4 . .
ToF: Total Absorption detectors worldwide
The Total Absorption Calorimeter (TAC) at CERN . ji

40 BaF, crystals covering 4m
(based on the original at FZK)

The Detector for Advance Neutron Capture
Experiments (DANCE) at Los Alamos (USA)

162 BaF, crystals covering 4x

Future: a TAC made of high resolution (LaBr,, etc.) crystals?

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear” @
lfg’ Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)




6) Detect at most one y-ray of the cascade

Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear”
li%é Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)



3) Detect at most one y-ray of the cascade




3) Detect at most one y-ray of the cascade




Radiative capture (n,y) and Pulse Height Weighting Technique

(ZA+1)* = Low y-ray efficiency: €y <<1
Z.A
A ¢. Is not defined, depends on the y-ray detected!

2 @ T~10716
) @ — Efficiency proportional to Ey: &y = k Ey

Pulse Height Weighting Technique (PHWT):

) 1035
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" C,D, (TED) for o(n,y) A

Deuterated benzene (C,D;) liquid scintillators

the hydrogen in C;H, is substituted by deuterium to avoid (n,y)
within the detector, reducing the “neutron sensitivity)

e

USA: C6D6 @ORELA/ORNL (shutdown)
EU: C6D6 @GELINA/IRMM
EU: C6D6 @n_TOF/CERN

Japan: Nal @ANNRI/J-PARC
Remember:
- Low efficiency (by construction)
- Low energy resolution

\_. - Poor background rejection capabilities Y,
S Carlos GUERRERO “Medidas de captura (n,y) para tecnologia y astrofisica nuclear” @
u% Master Interunimversitario en Fisica Nuclear, Sevilla (December 15t 2017)



Radiative Neutron Capture

Facilities?

Techniques?
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Radiative Neutron Capture

§ Protons

(n,y) ?

N T llati Particle
= ungsten spallation target detection
o
: l
=]
c
L
g D,0 moderator
=
prd
Revolving
ions

I L 1 I 1 1 I 1 1 I 1
60 80 100 120
Neutron number N

'

Electron cooler  Schottky pickup

PHYSICAL REVIEW ACCELERATORS AND BEAMS 20, 044701 (2017)

Spallation-based neutron target for direct studies of neutron-induced
reactions in inverse kinematics

René Reifarth, Kathrin Gobel, Tanja Heftrich, and Mario Weigand
Goethe-Universitdit Frankfurt, Frankfurt am Main, 60438 Frankfurt, Germany
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Radiative Neutron Capture

TABLE III.  Feasibility of future TOF measurements on unstable branch-point isotopes at the FRANZ facility.

Sample Half-life (yr) Q value (MeV) Comment

ONi 100.1 B, 0.066 TOF work in progress (Couture, 2009), sample with low enrichment

Se 2,95 X 10° B, 0.159 Important branching, constrains s-process temperature in massive stars

SIKr 2.29 X 10° EC, 0322 Part of ™Se branching

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

Szr 64.02 d B, 1125 Not feasible in near future. but important for neutron density low-mass
AGB stars

s 2.0652 B, 2059 Important branching at A = 134, 135, sensitive to s-process temperature in
low-mass AGB stars, measurement not feasible in near future

1350y 2.3 % 10° B, 0.269 So far only activation measurement at k7 = 25 keV by Patronis ef al. (2004)

14TNd 10981 d B, 0.896 Important branching at A = 147/148, constrains neutron density in low-mass
AGB stars

147Pm 2.6234 B, 0225 Part of branching at A = 147/148

145Pm 5368 d B, 2464 Not feasible in the near future

151Sm 90 B, 0.076 Existing TOF measurements, full set of MACS data available (Abbondanno
et al., 2004a; Wisshak et al., 2006c)

I54Eu 8.593 B, 1978 Complex branching at A = 154, 155, sensitive to temperature and neutron
density

55Eu 4.753 B, 0.246 So far only activation measurement at kT = 25 keV by Jaag and Kiippeler
(1995)

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

10T 0.198 B, 1.833 Weak temperature-sensitive branching, very challenging experiment

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

170Tm 0.352 B, 0.968 Important branching, constrains neutron density in low-mass AGB stars

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

179Ta 1.82 EC, 0.115 Crucial for s-process contribution to '®Ta, nature’s rarest stable isotope

185y 0.206 B, 0432 Important branching, sensitive to neutron density and s-process temperature in
low-mass AGB stars

204 3.78 B~.0.763 Determines 2°Pb/2%TI clock for dating of early Solar System

REVIEW OF MODERN PHYSICS, VOLUME 83, JANUARY-MARCH 2011
The s process: Nuclear physics, stellar models, and observations

F. Kappeler”

Karlsruhe Institute of Technology, Campus Nord, Institut fiir Kemphysik, 76021 Karlsruhe,
Germany
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Example: Temperature in TP AGB Stars

TP-AGB stars 1-3 M),

shell H-burning He-flash
0.9-108 K 3-3.5-108 K
kT=8 keV kT=23 keV
107-108 cm3 1010-10"" cm-3
13C(*He,n)'¢0 22Ne(*He,n)**Mg

m/M

0,68

0,67

0,66

He-Schale

Evolutionary Tracks off the Main Sequence

RGB - Red Giant Branch
HB - Horizontal Branch
AGB - Asymptotic Giant Branch

Colour Index (B- V)
+03 +06 '




Temperature in TP AGB Stars

* How hot is the stellar environment where s-process nucleosynthesis takes place?

x10°
12[-

10

decay rate (1/s)

0 1 2 3 4

Temperature TB (K)
Pop |l stars U Supernovae
Ti Eu « (r-process)
o ! ke
L s AGB stars

o F ¥ <+ ® 1’ Ba «— (s-process)
N X L

Cl!emical [ ,a, [\\
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I NS,152Gd & NS,154Gd



Temperature in TP AGB Stars

* How hot is the stellar environment where s-process nucleosynthesis takes place?

decay rate (1/s)

Temperature TB (K)

Pop |l stars U Supernovae
Ti A Eu « (r-process,
/ * Th( P! )

T e

N ) AGB stars
-~ 4 ® B (sprocesy) 151Sm
. T Aan ® (<0, >N )isr64 B Ay (T
i B N - Als1sm <T >
(< g, > 15464 s —Vrh, y Z151Sm

—>Just measure <OY>151Sm

First challenge:
Ns.1526d|  1515m does not

exist in Earth!!!
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Temperature in TP AGB Stars

G ML AL B A MACS-30 = 3100 + 160 mb
4000 . ' , . :
z kT=30 keV |
a) 2 ——
= — 3000
= 7 E .
m £ = 2000 | o L e .
[
E @) ]
Ay 1000 . L . ' . '
« 1970 1980 1990 2000
o YEAR

4 = 2.5-2.8x108 K

— —
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NEUTRON ENERGY (eV)

He -
intershell

MASS COORDINATE (M)
o
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U Abbondanno et al. Phys. Rev. Lett. 93 (2004), 161103
S. Marrone et al. Phys. Rev. C 73 (2006) 03604



Need of new developments: illustrated @ *3Zr(n,y)

PHYSICAL REVIEW C 87, 014622 (2013)
The **Zr(n, y) reaction up to 8 keV neutron energy

G. Tagliente,"” P. M. Milazzo,” K. Fujii,2 U. Abbondanno,> G. Aerts,® H. Alvarez,* F. Alvarez-Velarde,” S. Andriamonje,’
J. Andrzejewski,6 L. Audouin,” G. Badurek.® P. Baumann,? F. Beévir,'? F. Belloni,? E. Berthoumieux,? F. Calvifio,!!
M. Calviani,'? D. Cano-Ott,” R. Capote.”'” C. Carrapigo.15 P. Cennini,'® V. Chepel,I7 E. Chiaveri,'® N. Colonna,' G. Cortes,'!
A. Couture,'® M. Dahlfors,'® S. David,” I. Dillmann,”'* C. Domingo-Pardo,””'* W. Dridi,’ I. Duran,* C. Eleftheriadis,”!

M. Embid-Segura,’ A. Ferrari,'® R. Ferreira-Marques,'” W. Furman,?? 1. Goncalves,"® E. Gonzalez-Romero,’ F. Gramegna,'?
C. Guerrero,” F. Gunsing,3 B. Haas,”® R. Haight,z4 M. Heil,'? A. Herrera-Martinez,'¢ E. Jericha,® F. K'zippeler,7 Y. Kadi,'®
D. Karadimos,” D. Karamanis,” M. Kerveno,’ E. Kossionides,”® M. Krti¢ka,'” C. Lamboudis,”’ H. Leeb,® A. Lindote,'”

I. Lopes.'” S. Lukic.? J. Marganiec.*'” S. Marrone,' T. Martinez,” C. Massimi,?” P. Mastinu,'2 A. Mengoni,'* C. Moreau,?
M. Mosconi,”? F. Neves,'” H. Oberhummer.® S. O’Brien,'® C. Papachristodoulou,” C. Papadopoulos,?’ C. Paradela,*

N. Patronis,” A. Pavlik,*® P. Pavlopoulos,®' L. Perrot,” M. T. Pigni,® R. Plag,”'? A. Plompen,* A. Plukis,® A. Poch,'!

J. Praena,'? C. Pretel,'' J. Quesada,'* R. Reifarth,>*!° M. Rosetti,”* C. Rubbia,** G. Rudolf.” P. Rullhusen,*? J. Salgado,'’
C. Santos,'® L. Sarchiapone,'® I. Savvidis,?' C. Stephan,® J. L. Tain,2’ L. Tassan-Got,*® L. Tavora,'® R. Terlizzi,! G. Vannini,?’
P. Vaz,'> A. Ventura,” D. Villamarin,” M. C. Vincente,” V. Vlachoudis,'® R. Vlastou,”” E. Voss,” S. Walter,’

M. Wiescher,'® and K. Wisshak’

(n_TOF Collaboration’)

« HERMES observations of Nb and Zr in S-type stars

Sample radioactivity
A R |

3 4
10G40lE,(eV)]

» Determination of the s-process temperature directly in evolved low-mass GSs, using Zr and Nb

abundances, independent of stellar evolution models.

» 93Zr/93Nb provides chronometric information on the time elapsed since the start of the s-process

(one-three million years).

LETTER

The temperature and chronology of heavy-element
synthesis in low-mass stars

P. Neyskens!, S. Van Eck’, A. Jorissen', S. Goriely', L. Siess' & B. Plez”

The present determination of the s-process temperature relies on a
single assumption, namely that the equilibrium approximation is valid
along the Zr isotopic chain, which is known to be true locally’. For this
reason, the uncertainties in the method are mainly those in the derived
abundances and in the experimental Zr cross-section'*", that is, about
5% for the stable Zr isotopes and 11% for **Zr. Reducing the **Zr error
would constrain the s-process operation temperature even more.

20 T ., * C | ' ' R R
oo, nye@bservational Error '%gﬁp‘ém,—m:wg
= 18 [ [HERMES] ]
< |
Z L
- 16 =
N from
zZ Experimental |
& (n,y) CS Error 7
' Present s-process thermal
10 X 1 1 & i 1 bl s

0.5 2. —..25___..3 3.5 4 4.5
HERMES + C
[ T (108 K)

Adapted from P. Neyskens et al.,Nature 517, 174-176 (2015)
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Reduce “extrinsic” neutron sensitivity
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- Reduce “extrinsic” neutron sensitivity
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The I-TED concept

- Reduce “extrinsic” neutron sensitivity e
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The I-TED concept

- Reduce “extrinsic” neutron sensitivity

bagkground

n-beam scattere
d
CeDs neutron

y-Imaging = Better sensitivity

Nucl. Instr. Meth. A 825 (2016),

511 511
- cos 0 =1+?—?

Sample E [ 1 [8E)\2 sr\2\ °
__E (1 (8F o200
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I-TED: imaging-Total Energy Detector

Technical commissioning i-TED Prototype (OK)

i-TED [S&A in t-coin.] En Spectrum / All Files h_enC_all

i-TED Demonstrator (i-TED2)
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Motivation and Introduction: MSs & Temperature evolution

REVIEWS OF MODERN PHYSICS, VOLUME 84, JANUARY-MARCH 2012
Rotating massive stars: From first stars to gamma ray bursts

André Maeder” and Georges Meynet®

Geneva Observatory, University of Geneva, 51 chemin des Maillettes,
CH-1290 Versoix, Switzerland

LETTER

Imprints of fast-rotating massive stars in the
Galactic Bulge S r . .

Cristina Chiappini'**, Urs Frischknecht*?, Georges Meynet”, Raphael Hirschi*®, Beatriz Barbuy’, Marco Pignatari®, R b
Thibaut Decressin® & André Maeder”

Kr @® m .

Br
Se @0
Anisotropic

As
Temperature
Gradients

doi: 10.1038/nature10000
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Currents, rotation, mixing



Motivation and Introduction: MSs & Temperature evolution

REVIEWS OF MODERN PHYSICS, VOLUME 84, JANUARY-MARCH 2012
Rotating massive stars: From first stars to gamma ray bursts

André Maeder” and Georges Meynet"

Geneva Observatory, University of Geneva, 51 chemin des Maillettes,
CH-1290 Versoix, Switzerland

Currents, rotation, mixing

I. INTRODUCTION

[t may be surprising that we emphasize the need of ac-
counting for the effects of rotation in stellar evolution. since
in practice all stars are rotating around their axis. However, it
must be recalled that the so-called “‘standard theory™ of
stellar evolution generally ignores the effects of stellar rota-
tion and treats the stars as nonrotating bodies, despite the fact
that stars more massive than about 1.5M rotate fast on the
average (Fig. 1).



Temperature: a key ingredient in stellar structure and evolution
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N.Nishimura, et al. 2017 MNRAS



The massive-star nuclear-thermometer
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letters to nature
Nature 332, 700 - 702 (21 Apri 1988); doi:10.1038/33270020

S-process krypton of variable isotopic composition in the Murchlson meteorite

ULRICH OTT', FRIEDRICH BEGEMANN', JONGMANN YANG* & SAMUEL EPSTEINT
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- Objective of HYMNS-ERC Project (Lol, CERN INTC
2014)

- Improvements in the detection system: i-TED

- Accurate (n,g) CSs of neighbouring nuclei



The massive-star nuclear-thermometer

M.Heil et al.
PRC2008-> Unc.
(79Br)= 5.5%

\ S-process krypton of variable isotopic composition in the Murchso i —n0
3 Unc.(81Br)=3%

letters to nature
Nature 332, 700 - 702 (21 Apri 1988); doi:10.1038/33270020

ULRICH OTT', FRIEDRICH BEGEMANN', JONGMANN YANG* & SAMUEL EPSTEINT
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A - Objective of HYMNS-ERC Project (Lol, CERN INTC 2014)
- Improvements in the detection system: i-TED

- Accurate (n,g) CSs of neighbouring nuclei
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“Imaging” (n,y) cross sections: first tests using a pin-hole gamma-camera

D.L. Pérez Magan, et al., Nucl. Instr. Meth. A (2016), in press, doi: 10.1016/j.nima.2016.03.073, arXiv: 1510.02344



“Imaging” (n,y) cross sections: first tests using a pin-hole gamma-camera

C¢Dg detectors

neutron
beam out

neutron
beam in

Pinhole Pinhole
collimator (Pb) collimator (Pb)

imager

Detector

D.L. Pérez Magan, et al., Nucl. Instr. Meth. A (Online: March 2016), doi: 10.1016/j.nima.2016.03.073, arXiv: 1510.02344



First tests: (n,y) i-measurements at n. TOF EAR1

- No beam

- Only sources

- Test imaging
performance

- Neutron beam
- Au(n,g)

neutron bea



First y-imaging tests at n_ TOF EAR1




First y-imaging tests at n_ TOF EAR1
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First y-imaging tests at n_ TOF EAR1




First y-imaging tests at n_ TOF EAR1

—150 <100



First y-imaging tests at n_ TOF EAR1




First (n,y) test-measurements at n_ TOF EAR1




First tests: (n,y) measurements at n_ TOF EAR1
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First tests: imaging cuts to enhance S/B-ratio
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First tests °’Au(n,y) TOF spectrum with y-imager




First tests °’Au(n,y) TOF spectrum with y-imager
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First tests: imaging cuts to enhance S/B-ratio

Enhancement of S/B for resonance E=4.9 eV
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I-TED: imaging-Total Energy Detector

Technical commissioning i-TED Prototype (OK)
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L ast slide: links to learn more

« JINA-CEE youtube seminar series: nucleosynthesis topics, theory, observations and experiments

greatly enhanced by ever increasing
‘ computational facilities, enabling more
accurate modeling of stellar processes.
When stars shine, the light
is produced by nuclear
reactions that create heavy
eloments such as Oxygen,
Neon and Silicon, etc

Only the lightest elements were
Reactions that create created before the‘expansion of the
heavy nuclel need extreme universe lowered the density and
prevented nuciear reactions from

environments that we can
forming heavy nuclel

observe In space

« WEBNUCLEO (B. Meyer’s blog and code): [C) Bradleys. Meyer
nuclosynthesis network code + examples to
learn
https://sourceforge.net/u/mbradle/blog/

Profile  Activity Blog Wiki

u/mbradle / Blog: Recent posts B

Home . S . .
. | Comparing a network calculation with and without entropy generation

In my last post, | ran a calculation at fixed density with no charge-changing reactions but with entropy generation. The calculation
began with pure “He at a mass density of 3 x 10° g/cc and a temperature of 2 billion Kelvins. The system evolved into nuclear

statistical equilibrium (NSE) in about a nanosecond with a temperature of 10.318 billion Kelvins.... read more

Posted by @ 2016.06-17

* MESA (Modules for Experiments in Stellar Astrophysics) https://sourceforge.net/projects/mesal
* NuGRID: http://www.nugridstars.org/

* NUPECC:Nuclear Physics European Collaboration
Committee

http://www.nupecc.org/?display=Irp2010/main

inicio publications projects data and software meetings




Summary

Radiative capture measurements needed in several fields, mainly in
nuclear technology and nucleosynthesis.

Challenges come from: small mass samples, radioactive targets,
and sometimes neutron scattering and fission issues.

Mainly 3 techniques for ToF measurements:

e Detection of a characteristic y-ray [PGA]

e Detection of a y-ray of the cascade (Total Energy Detectors [TED])
e Detection of the complete y-ray cascade (Total Absorption [TAC])

Beca FPI Available at Gamma & Neutron Spectroscopy Group of IFIC
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