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Nuclear reactions in starsNuclear reactions in stars

if v is the relative velocity

but v has a distribution P(v)
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P(v) -> Maxwell Boltzmann distribution

σ > if non resonant  dominated by the penetrability of the coulomb barrier

E0 = f(Z1, Z2, T)

σ > if non resonant, dominated by the penetrability of the coulomb barrier

Note:resonances may shift the 
relevant energy in stars

Maxwell-Boltzmann

∝ exp(-E/kT)

Maxwell-Boltzmann

∝ exp(-E/kT)

Penetrability
∝ exp(-(Ec/E)1/2)
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This is the reason for separate, subsequent burnings

Sun : T6 = 15

reactionreaction EE (keV)(keV) IntegralIntegral

Sun : T6  15

reactionreaction EE00(keV)(keV) IntegralIntegral

p+pp+p 5.95.9 7 107 10--66

αα++1212CC 5656 5.9 105.9 10--5656

1616O+O+1616OO 237237 2 52 5 1010 2372371616O+O+1616OO 237237 2.5 2.5 1010--237237
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Nuclear reactions in the laboratory

X(a,b)Y

targettarget

Ion beam detectors
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Reaction yield

but σ depend on E  and E is notbut σ depend on E, and E is not
constant through the target

α particles in C
SRIM calulation
www.srim.orgwww.srim.org
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α particles in Cα particles in C
SRIM calulation

target
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α particles in Cα particles in C
SRIM calulation

target
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Case of a single resonanceEr=1.4 MeV g
r

Γ=30 keV

∆Et=3 keVt
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Er=1.4 MeV
Γ=30 keVΓ=30 keV

∆Et=100 keV

Er=1.4 MeV
Γ=30 keV

∆Et=600 keV
Ythick ∝ ωγ
dY /dEdYthick /dE ∝ σ
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< Increasing thickness
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Some remarks:

1- Avoid intermediate thicknesses
(if you know the width and if you can prepare appropriate targets)

2- Be aware that the derivated thick target yield will be affected
by large uncertainties for weak resonances

3- Beam energy spread complicates things

4- We plotted yields as a function of the beam energy: that’s not good

5 Note the reaction yield is not the counting rate in the detector5-Note the reaction yield is not the counting rate in the detector
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Non resonant case
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Eeff



resonant+not resonant

L. Gialanella- SLENA 2012, Kolkata, India



Effective energy for the cs extracted from a yield

1
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20%

5%
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Energy calibration

magnetic dipole
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Gialanella et al. NIM A 376 ( 1996) 174-184



Energy calibration and energy spread

Ion beam

target

detector
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Formicola et al NIM A 507 (2003) 609–616 Lewis Phys. Rev. 125 ( 1962)( ) y ( )
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Experimental determination of reaction cross sectionsExperimental determination of reaction cross sections

Direct methods:

• very low cross sections ->  low counting rates
• measure outside Gamow window ->  extrapolation (reaction 

mechanism)mechanism)
• cosmic radiation + nat. roombckg ->  background
• Beam/target  induced bckg ->  background

key improvements:
Targets
D t tDetectors
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T  lid d Targets: solid and gas targets

Detectors: gamma rays and charged particlesDetectors: gamma rays and charged particles
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