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Charge-exchangereactionsusing(p,n)- and(n,p)-typeprobesat intermediateenergies( � 100 MeV/u)
arewidely usedto study spin-isospin-flipexcitationsin nuclei. In the limit of vanishingmomentum
transfer(∆L=0,q=0) thesetransitionsarereferredto asGamow-Teller(GT) transitions.They aredirectly
connectedto the weaknucleartransitionswith the additionaladvantagethat they canprobeexcitation
regions,whichareinaccessibleto theordinaryweakbetadecay.

Transitionsin theβ
�

direction(GT
�

) from pf-shellnucleiareof particularastrophysicalinterestasthey
provide importantinput to themodellingof theexplosiondynamicsof amassivestar. Theweakelectron
capture(EC) process,which predominantlypopulatesGT

�
statesin the daughternucleusdetermines

the rateof deleptonizationand,ultimately, theexplosive power of a supernova. The importanceof the
GT

�
strengthdistribution for stellarEC wasfirst recognizedby Bethe. Later, in the parameterization

of Fuller, Fowler andtheEC ratesfor nuclei in themassrangeA=45-60weresystematicallyestimated.
Thesetabulationsarenow beingreplacedby resultsof modernlarge-scaleshell-modelcalculationsanda
detailedconfrontationwith experimentalresultsis of considerableimportancefor thesupernovaphysics.

The experimentalstudiesdescribedhereemploy the (d,2He) reactionto obtainGT
�

strengthdistribu-
tions. The unbounddiprotonsystemis referredto as 2He, if the two protonscoupleto an 1S0, T=1
state.Experimentally, the 1S0 stateis selectedby limiting the relative energy of the two-protonsystem
to 1 MeV, which is usuallyguaranteedby thelimited acceptanceof thespectrometer. However, (d,2He)
reactionexperimentsarecomplicateddueto thecoincidentdetectionof thetwo correlatedprotonsin the
presenceof anoverwhelmingbackgroundoriginatingfrom deuteronbreakup.But asthereactionmech-
anismof (d,2He) forcesa spin-flip, the reactionis even moreselective than(n,p), wherenon-spin-flip
transitionscompete.

The experimentswere carriedout as part of the ESN-collaborationat the AGOR facility at the KVI
Groningen.Deuteronsof 171

�
183MeV weredeliveredby thesuper-conductingcyclotron.A final state

energy resolutionof order110 - 150keV wasachievedwhich is to becomparedwith the1 - 1.5 MeV
resolutionobtainedin theearly(n,p)experimentsatTRIUMF.

The lecturewill cover theexperimentalresultsof the (d,2He) reactionon many sd- andpf-shell nuclei
up to theshell closureat 70Ge andincluding the rarestandonly odd-oddpf-shellnucleus50V. Further,
the(d,2He) reactioncanalsobeemployedasa meansto measurethedouble-β decaymatrix elements,
therebygiving estimatesfor the life-times of a numberof double-β decaynuclei. It alsoprovesto be
a powerful andhigh resolutionspectroscopictool for giving new insightsinto thestructureof thehalo
nuclei6He and7He andprovidesaway to measuretheneutron-neutronscatteringlengthann, which is a
fundamentalquantityin nucleon-nucleonphysics.

The lecturewill cover all of the rich physicsin quite somedetail. It will also describesomeof the
experimentaltechniques,whichhavemadethesestudiespossible.


