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1. Prehistory

1946 - 1968

2. History

1969 - 2019
Astrophysics with

Radioactive Isotopes
Eds. R. Diehl,  D. Hartmann, NP

(Spinger 2018, 2nd Edition)



1954

1946

Fe56 is made as Fe56, in its stable form



1963 Physics Nobel  Prize

½ to 

Maria Goeppert-Mayer

and

Johannes Jensen

for Shell model of nucleus

J. Jensen with

Hans Suess and Otto Haxel

1946-1947: Haxel suggests

that Fe56 is made as 

unstable Ni56

based on the property of Ni56

of being a « double-magic » 

nucleus

Otto HaxelDon Clayton





Reviews of Modern Physics 1957





What powers the  exponentially decreasing

lightcurves of supernovae ?

B2FH

R a d i o a c t i v i t y,  lifetime ~2 months

Luminosity

Be-7 :  Borst 1950

Cf-254:  Baade, B2FH,  and Christy 1956



We have considerable confidence in our order-of-magnitude estimates

of the production of fissionable material in Type I supernova explosions.

The input of radioactive energy into the exploding debris of supernovae

cannot be neglected. Furthermore, the production of Cf254 within an

interval of a few microseconds in the first hydrogen bomb test in 1952

must be taken as observational evidence for the rapid process of

neutron capture, by which fissionable material is produced in supernova

explosions. The heaviest nucleus in the bomb components was U238 .

At least 16 neutrons were added in the short interval of the bomb

explosion. It is not unreasonable to extrapolate by a factor of 10 or more

in going to stellar explosions, where the iron-group elements serve as

seed nuclei but the neutron fluxes are considerably enhanced.

The role of Type I and Type II supernovae in nucleosynthesis is treated

in some detail. It is concluded that e-process formation of the iron-

group elements takes place in Type II supernovae, while r-process

formation of the neutron-rich isotopes of the heavy elements takes

place in Type I supernovae. The explosion of Type II supernovae is

shown to follow implosion of the non-degenerate core material. The

explosion of Type I supernovae results from the ignition of degenerate

nuclear fuel in stellar material.

Hoyle and Fowler 1960

Explosive nucleosynthesis



1962



Supernovae are powered by the radioactivity of Ni56 decaying to Fe56    

Ni56 → Co56 → Fe56  



The way towards the Fe-peak

In the stellar core

weak interactions 

(p + e+)

turn some protons 

into neutrons

and Fe56 dominates

the composition

in nuclear

statistical equilibrium 

Ca40 is the last stable

nucleus with N=Z=20

on the way of Si-melting

towards the Fe-peak

Hoyle’s greatest regret : missing the origin of Fe56, the most stable nucleus in nature

It is produced as unstable Ni56 in supernova explosions

In explosive nucleosynthesis, weak (=slow) interactions have no time to operate

and the nuclear flow goes through N = Z up to Ni56 (N=Z=28)



EXPANDING

SN
Clayton, Colgate and Fishman 1969

Gamma-ray lines from young

supernova remnants



Assuming that the corresponding stable nuclei are produced at their Solar system abundances











Leising and Clayton 1985

Nova distribution

Prantzos and Cassé 1985

WR distribution



Tueller et al. 1989

Line seen 6 months earlier than expected !

SN1987A



Gamma – ray line astrophysics

Saclay, France, December 1990



NP 1990, 1993: IF massive stars at the origin of Al26:  

then « Hotspots » in spiral arm tangents 



RADIOACTIVE GALAXY

Clemson 1995



CLEMSON 1995



Astronomy 

with 

Radioactivities 

I (Clemson, USA, 1995)

II (Ringberg, Germany, 1999)

III (Ringberg, Germany, 2001)

IV (Seeon, Germany, 2003)

V (Clemson, USA, 2005)

VI (Ringberg, Germany, 2008)  

VII (Phillip Island, Australia, 2011)

SEEON 2003



CLEMSON 2005



SPI / INTEGRAL 

all-sky 

distribution 

of  the 511 keV

line of e- - e+

annihilation

(Knödlseder et al. 2005) (Weidenspointner et al. 2008a)

1.5 year data

ONLY  BULGE  SEEN

5 year data

(ASYMMETRIC?) DISK  SEEN

Al26 +  511 keV



2010 2018



Biggest SCIENTIFIC  blunders

Albert  E. :   Cosmological constant

Fred  H.  : Missing radiogenic Fe

Donald  C.  : Missing importance AND source of Al26

Roland  D.  :    ???????????????????



COSMIC  RADIOACTIVITIES  AND  GAMMA-RAY  LINE  ASTRONOMY

• 1946/1954: F. Hoyle: Fe56 made as stable Fe56

• 1946 :       O. Haxel: Fe56 is made as radioactive Ni56

• 1956 : W. Baade, B2FH :  Supernovae powered by decay of  254Cf (1/2 = 70 days)

• 1964 : F. Hoyle + W. Fowler :  56Fe is produced as stable  56Fe

• 1962 : T. Pankey Jr. :  Supernovae powered by decay of 56Ni=> 56Co (1//2= 77 days) 

• 1968 : J. Bodansky + D. Clayton + W. Fowler :     56Fe is produced as  56Ni (unstable)

• 1969 : D. Clayton +S.  Colgate + J. Fishman : Gamma-rays from  56Co in SN detectable

• 1970ies : D. Clayton : Evaluation of yields of major radionuclides  assuming that 

Supernovae  make the solar abundances of the daughter stable isotopes.

ALL  CORRECT ! But :   26Al  missed !  (26Mg is produced in stable form)

• 1977 : D. Arnett, R. Ramaty :  26Al from SN explosions may also be detectable 

• 1970’s: Balloons :   Discovery of 511 keV line towards Galactic Center

• 1984   : HEAO-3 (NASA) :   Discovery of  26Al towards Galactic Center

• 1987   : SMM + Balloons :   Discovery of  56Co in SN1987A

• 1990s : GRO (NASA) :   Discovery of  57Co (SN1987A),  mapping of 26Al (Galaxy),
44Ti (Cas-A), 511 keV (Bulge+Disk ?)

2000s :  INTEGRAL(ESA) :    60Fe (Galaxy), Mapping of 511 keV (Bulge+Disk)


