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1. The problem

2. Ways of coping with the problem (so far) and their limitations

3. Need for new tools and/or methods

4. Extension of the problem to RIB’s

5. PARIS : a very promising solution
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C Natural abundances )
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1. Earth samples analysis
2. Photosphere of Sun spectrometry
3. Meteorites analysis
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Pathways for heavy-element nucleosynthesis

N

s, r,s/r,and p nuclei from Rh (Z=45) to Nd (Z=60)

[ po-nuclei (0,Y)

(pyY)
[ s-nuclei # v
(n,y)
. r-nuclei
[ s/r-nuclei

S-process
N 56 58 60 64 64 66 68 70 72

‘ 72100 yr P=108 n/cm?
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C p nuclei and p-nuclei abundances )
/ S. Galanopoulos et al., - ':%- H:E:Et:l DiHg p nucleus p nucleus \
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Reaction network

C
k

p-nuclei

Key reactions

Initial Reacti
) ) eaction abundances
stellar 22Ne(a,n)?>Mg network
p process

conditions 12¢(01,7)10

Reaction Network I A ::::::; Almost 2000 nuclei
are involved in this
brk powered
HAUSER-FESHBACH THEORY PP 0

Optical Model Potentials - Nuclear Level Densities ons

y-ray strength functions - Masses (v.p), (v.o0),

, a-captures,
(32<7<83 , 36sN<131)

NEED FOR GLOBAL MODELS O
OMP, NLD, ...
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C Gamow peaks and windows: the astrophysically relevant energies )

charged-par"ricle reaction b&rg/e)r

MAXWELL = BOLTZMANN

DISTRIBUTION - : - induced reactions

o exp (~E/kT)

GAMOW PEAK
/ / P+P 0.55

(sun)
2/3
T E, = (bkT /2) o 1C -

COULOMB_BARRIER .
wexp (VE/E) 47272 (red giants)
‘ b*=E, =2un’ 2

=By =24 e 12¢ 4 12C

(massive stars) 10.44

e AE:PﬁémﬁﬁM}ﬂ%MT p + Se
ENERGY (p process) 7.9

(p,Y) reactions: E., =1-5 MeV
(a,y) reactions: E., = 6-12 MeV

OUR GOAL | ‘ To measure the cross section
o

at these energy regions
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C Activation: Principle and Setup )
/

\

Requirements

. :3 -6 MeV Target 1
1. Radioactive product P 8 C.l
2. Suitable lifetime (30min - 1 day) | | 100 &

1= D A 7 - Multiscaler
|
RBS Irradiation
thickness monitor

Irradiation HPGe

/
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C Activation: The 74Se(p,y)"°Br example )
/
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y angular distribution measurements: The principle )

N
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C y angular distribution measurements: The 78Se(p,y)”°Br example

4 )
Experiment at the 4 MV Dynamitron accelerator at IfS Stuttgart

8Se(p,Y)”Br
Ep =1.5 ~3.5 MeV

8Se — metallic: 85 pg/cm?
(enr. 97.8%)

all targets on Ta backing

BGO mask

HPGe (g =100%) )
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C y angular distribution measurements: The 78Se(p,y)”°Br example )
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C y angular distribution measurements: the (a,y) problem

AN,

7~ MINIBALL
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2
- 9

840 860
Ey (keV)

8.5 9.0 9.5
Photon energy (MeV)

A. Lagoyannis
PARIS miniWorkshop, 14 October 2009, K




N

The 411 y-summing method: The principle

N )

v
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The 411 y-summing method: The setup

RN

Photomultipliers
(EMI 9758L)

@ INP-Demokritos
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The 411 y-summing method: The °2Mo(a,y)®Ru example

N

C
E

Solutions (up to now):

No “real” experimental solution

92Mo(a,y) **Ru

E,=6-12 MeV
¢=398 ugr/cm?

Counts / mC

[ s=oveyareyam, |

BUT je=f(E.M)

Yield/mC

Theoretical calculations
Simulation

r o+ 2Mo

beam-induced bgd

4000 6000

E, (keV)
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C The 411 y-summing method: Efficiency calculation

4 N
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The 41 y-summing method: Efficiency check with known reactions

N
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C (a,y) results: Comparison with theory
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Alpha-particle capture reaction cross-section systematics

4 N

Measurements of low-energy (a,y) reactions

L]
(a,y) cross section data: 10 isotopes =g

L]

O
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Capture reactions in inverse kinematics

N )

\
Projectile Target
Instead of “He + 78Kr — 83r + vy
we do 8Kr + 4He ————— 8Sr + y
Experimental challenges
_ helium implanted targets
1. Target preparation =
__helium gas targets
2. Detection J Y (v = spectroscopy)
_ 82Sr (particle detection)
Detection apparatus ?
\ /
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Capture reactions in inverse kinematics: The target

N ()
L

alyzing magnet

‘He-beam

implantation chamber

Implantation in Al-foils (50 pg/cm?)

“He
(= 108 at/cm2)
implated in
27A[
(=50 pg/cm?)

Implantation energy 10-20 keV

Implantation fluence 107-10'8 atoms/cm?

e.g. 3uA “He-beam - 14 h needed for 1018 atoms/cm?
\ /
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Capture reactions in inverse kinematics

N

N )

\
The 4He(78Kr,y)82Sr case
E (MeV/u)
1.75 2.00
é — (a,n) opens
2 f
§ C
S
5
/
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Capture reactions in inverse kinematics: y - spectroscopy

N )
A

Experiment at Jyvaskyla
4He(78Kr,y)82Sr
Beam: 78Kr

Target: “He implanted Al-foils

Detection of y’s with JUROGAM

|

array of 43 Compton-suppressed HPGe detectors
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