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Nuclear Reactions at Low Energies
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Electron Screening
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Previous Results 1
for d(d,p)t reaction from F. Raiola et al., Eur. Phys. J. A19 (2004) 283.
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Material U, Solubility neg ®  ngg (Hall)®
‘IC\,' (b} 1 I ()
Metals

Be 180=40 0.08 0.2=0.1 (0.21+£0.04)
Mg 44040 0.11 3.0=0.5 1.8+04
Al 520£50 0.26 3.0=0.6 3.1=0.6
vV 48060 0.04 2.1=0.5 (1.1%£0.2)
Cr 32070 0.15 0.8+0.4 (0.20=0.04)
Mn 300£50 0.12 1.2+0.3 (0.8=0.2)
Fe 460=60 0.06 1.7=0.4 (3.0£0.6)
Co 64070 0.14 3.1=0.7 (1.7£0.3)
Ni 38040 0.13 1.1=0.2 1.1=0.2
Cu 470%=50 0.09 1.8+0.4 1.5+0.3
Zn 480=350 0.13 2.4+0.5 (1.5+£0.3)
Sr 210=30 0.27 1.7%=0.5
Nb 470=60 0.13 2.7=0.7 (1.3+0.3)
Mo 420%=50 0.12 1.9%0.5 (0.8=0.2)
Ru 21530 0.18 0.4=0.1 (0.4£0.1)
Rh 23040 0.09 0.5%=0.2 (1.7£04)
Pd 800=50 0.03 6.3=1.3 1.1=0.2
Ag 330=40 0.14 1.3=0.3 1.2=0.3
Cd 360=40 0.18 1.9+0.4 (2.5+£0.3)
In 52050 0.02 4. 8+0.9

Sn 130=20 0.08 0.3=0.1

Sh 72070 0.13 11=2

Ba 400=70 0.21 0.0+2.0

Ta 270=30 0.13 0.9=0.2 (1.1=0.2)
W 250=30 0.29 0.7=0.2 (0.8+£0.2)
Re 23030 0.14 0.5%=0.1 (0.3x£0.1)
Ir 200=40 0.23 0.4%=0.2 (2.2+0.3)
Pt 6/0=20 0.06 4.6=0.7 3.0+08
B 280=00 U.1% 0.9%=0.3 1.5=0.3
Tl 55090 0.01 5.8+1.2  (7.4=13)
Ph 480%=50 0.04 4.3=0.9

Bi 5340=60 0.12 6.9x1.5



Thick Target Yield

Enhancement Factor

Previous Results 2
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’ J. Kasagi, Prog. Theo. Phys.
’ Suppl. 154 (2004) 365.
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Previous Results 3

for d(d,p)t reaction from K. Czerski et al., J. Phys. G 35 (2008) 014012.

T T T T T I T T T T
18 . ZriE, 25keV {1 for zirconium metal
o Zr:E, =14keV 1 U =319i3 eV
— U, =(319%3)eV - €
© ,
-
-;\
s
=
08+ ! i
0.6"““‘*1‘xx‘x.,1

10 15 20 25 30
E, (keV)



S-factor (keV b)

Previous Results 4

J. Cruz et al., Phys. Lett. B 624 (2005) 181; J. Phys. G 35 (2008) 014004
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Previous Results 5

K. U. Kettner et al., J. Phys. G 32 (2006) 489.
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Measurements @ JSI
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Measurements @ JSI

2 MV Tandem van de Graaf accelerator




Electron screening in vanadium

Yield ratio
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Electron screening in manganese
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Yield ratio

Aluminum results

1779 keV y-ray ratio from 27Al(p,y)?8Si reaction
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y yield [arbitrary units]

Nickel results
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Number of neutrons

Cadmium and indium
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Electron screening in implanted

Inverse kinematics: "H("Li,a)*He
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Comparison to previous results
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Conclusions

* Electron screening is important in nuclear astrophysics.

* Large electron screening only happens on implanted
nuclei in metallic targets.

» Electron screening is not a static but rather a dynamic
effect, so the parameterization with a screening potential
Is only valid when all electrons are tightly bound.

* The size of the effect is not always proportional to target
Z.

* For stellar plasma we really need to understand what
happens in the laboratory experiments.
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