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T HE COMP OUN D NUCLE US 

C. M ah aux, 
U n i vers i ty of L i e ge, 4000  L i e ge, Belgi um

ABS T RACT  

We s u rvey the m ai n  pro gres s accomp li s he d  in  the  field  o f
Compound  N ucleus Theo ry du r i ng the l as t ten y e ars . The theory  
now has  a m i cro s copi c bas i s  and  e ncomp as s es the limi ts o f  
s trong  as we ll a s  o f  we ak ab s o rpti o n, the effe ct o f  di re ct i n­
te r actio n s ,  o f  preeq ui libri um de cay, o f  i n te rmedi ate s tructure
and of i s o s p i n  mi xi ng.  

T he pre s e n t  t alk is  large ly b as e d  o n  a review wri tte n  i n  
co l laborati o n wi th H an s  A. Wei de nmulle r, and wh i ch w i ll app e ar
i n  the A n n ual Rev i ew o f  N u cle ar S c i e n ce ( 1 980). U n t i l  the l as t
de cade, compound  nuc le ar re ac ti o ns were des cribed  i n  the fra­
mework o f  phenome n o lo g i cal mode ls.  Thes e derived e xpres s io n s  
for the aver age compoun d nu cleu s cro s s  s e cti o ns from the b as i c
as sumpti on  made b y  N .  Bohr, who pos tu late d i n  1 936 that the 
b re aki ng up o f  the compou n d  s y s tem has  '' n o  immedi ate co nnexi on
w i th the f i rs t s t age o f  the e n counter".  When  one  takes i n to 
account  con s e rv ati o n  o f  angu lar mome n tum and o f  pari ty, thi s
y i e lds the fami li ar H aus er-Fes h bach fo rmu la ( 1 952) 

Here, a ,  b ,  c ,  
bers.  The  quantity 
ch an nel  a :  

T T b/t  T a C 
C 

gen e ri c ally deno te the cha nne l quantu m  
T a i s  the transmi s s io n  coe f fi ci ent  i n  

T a 1 - l < S > 1 2
a a 

whe re S i s  the s catteri ng m atrix.  � 

( I )

n um-

( 2 )  

I n  gener al, the Hauser- Fes hb ach fo rmula tu rns  out t o  be  i n
good ag reeme n t  wi th the emp i ri cal d at a. S i n ce 1 95 2, mu ch effo rt
was thus devo te d to derive i t  fro m nucle ar re acti o n  theory, and
to fi nd  how i t  should be mo di fi e d  in o rde r to i n clu de the i n­
f l ue n ce o f  di re ct re act i o n s ,  of  pre compou n d  p ro ce s s es,  o f  i n te r­
medi ate s tructure, o f  i s o s p i n co ns erv ati o n, e t c. 

I n tui ti ve ly, o n e  expe cts the Compo und  Nucleus  Mo de l to 
work bes t in the the rmo dy n ami c limi t, when the compound  s y s tem 
nu cleus r ap i dly re aches  s t ati s ti cal equi li bri um. Thi s i s  accom­
pli s hed  when the recurre nce time 2ffl/ D , becomes large. He re, 
D i s  the ave r age di s tance between n e i ghbouri n g  compo u n d  n u c­
le ar leve ls . N evertheles s,  the fi rs t  de ri v ation  o f  the H au s e r­
Fes h b acb formula ( 1 )  w as limi ted to the oppos i te limi t, i .e. to
the case o f  we ak abs o rp ti o n  (T a < < 1 )  • Even the n ,  eq. ( 1 )  h as
to be  mu lti p li e d  b y  a corre cti o n  fa cto r (L ane an d Lynn  1 95 7 )  

• ( 3 )  
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where W b i s  the "wi dth f luctuati on cor re cti on' ' , wh os e mai n
origin  i i  the u n i ta ri ty p roperty of the s catte r i ng matri x. In
the l imi t T < <  1 , one  h as W � 3 ,  and  W b < 1 • a aa a 

I n  the the rmodynami c lim i t D+O , a theore ti ca l de ri va­
t i on of the H auser-Pes hba ch formu la ( 1 ) -and of app r op riate 
extens i ons the re of- was found · by Ag as s i , Wei denma 1 1er  a n d  
collab ora t ors ( 1 975). T he s e auth ors worked i n  the f ramework o f

. t h e  s he ll-mode l  theory o f  nucle ar reacti ons.  T hey i n troduced 
s ta t i s t i ca l  as s ump ti ons  on the matri x e lements of  the res i dual
in teraction be tween nuc lea r confi gurations  contai ni ng di ffe­
rent  numbers o f  e x ci tons (parti clee p lus  h o les). T he s e  a s s u mp ­
t i ons a re the s ame a s  th ose  used  i n  the s ta ti s ti ca l  theory o f  
nu clear spectra. Aga s s i  and  We i de nmu lle r ' s theory en comp a s ses  
p reeq u i l i b rium p ro ce s s e s ,  for  wh i ch it  g i ve s  expres s i ons clos e
to those  of the mas te r-equation  ap p roa ch . T he the ory als o i n­
clu de s  the influen ce of  d i re ct reaction p roces ses ,  and  y i e lds 

( 4 ) 

where SFL i s  the flu ctuati n g p ar t of the S-matri x. T h i s  re­
s u lt ha� been conj e ctured by Va ger · ( 1 97 1 ), and f i r s't p rove d  by
Kawai ,  Kerman and McVoy ( 1 973). In  thei r  de rivation, the la t­
te r auth ors use  for the S-matri x an app roximati o n  wh i ch i s  not
exactly uni ta ry. Kerma n and  Sevgen ( 1 976) have argued that 
th i s  uni tari ty condi tion may be s omewhat re laxe d. In the l i mi t
D+O , Agaa s i  and We i denmu ller  a ls o  jus ti fy the cen tra l res u lt 
of E r i cs on ' s f lu ctuati on the ory, name ly that  t�e auto- corre la­
t i on functi on  has a Lorentzian s hap e. The  co rre la ti on  wi dth is
given by 

where 
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d ad db  
is  Satch le r ' s ge nera li ze d transmi s s ion  ma trix ( 1 9 6 3) . 

( 5 )

( 6 ) 

C omp oun d  nucleus  theory i s  thu s in a s a ti s f a ctory s ta te 
i n  the two extreme limi ts D+O on the one ha nd ( s trong abs ­
orp tion)  and T +O on the othe r hand (weak abs orp ti on) . F or 
i nte rmedi ate vafues of T , one mus t s t i l l  res ort to app roxi­
mations  derived from e x te!s i ve nume ri ca l s tudies .  These  s tart 
f rom the fo llowing  K-matrix  pa rame tri zati on 
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( 7 )  

( 8 )  

One generates t f rom s e ts of values for  y 
8 

and  Eµ,  and  
o ne ca l culate s  the energy or the  ensemb le avHrage <S F� sFL� >.
In  the a bs e n ce o f  di re c t  re act i ons,  W e i denmu lle r  e t  af. cd 
( 1 9 75 ) find that  
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( 9 ) 

wi th 

W m 1 +2/ ( l +T l /2)aa a ( 1 0) 

Mol daue r ( 1 975) give s  an al te rnat ive p re s c rip t i on .  He wri te s
T • < I t  1 2 > and fi nds  t h a t  a µ a  

<a CN > a < I t 1 2 I t b l 2 /t  I t 1 2 > ( 1 1 )ah µ a  µ c µ c  

i s  a good apf roxi mati on, p rovi de d  th at  one as s ume s th at  the 
q u an t i t i e s  t 1 2 , I t 1 2 are uncorre l ate d random var i a­
b le s, w i th e ffi @ t ive de g¥� e s  of free dom v , vb • The  val ue s
of v h ave b e e n  p l ot t e d  by  M o l dauer f o r  s 8me c as e s . In  p rac­
ti ce, re cipes  (9) and ( 1 1 )  are i n  g oo d  ag reeme n t .  

A gene ral proce dure has b e e n  found for i n cl udi ng dire c t  
reac t i ons  i n  c omp ound nucleus  the ory . I t  i s  b as e d  o n  a the orem
due t o  E nge lb re ch t and Wei de nmu l l e r  ( 1 973) w h o  s h ove d th at  the
matri x 

� 
<S >  ( 1 2)

i s  di agonal  i f  � i s + the uni t ary mat ri x  spe c i fi e d  by the re­
q ui re ment  that  � t P. is  di agonal . We i denmu l l e r  e t  a l .  
( l j75)  a n d  M o l daue r { 1 975) h ave s h own t h a t  o n e  c an cal c u l ate 
< 1 �!� 1 2 > from  the e xp re s s i ons (9) or ( I I ) .  

In  c on c l us i on, c ompound nuc leus  th eory h as re cen t l y re a­
che d  a s at i s fac t ory s t ate, e xcep t p e rh ap s  i n  th e c as e  of inter­
me di ate ab s o rp ti on for  wh i ch one mus t s t i l l  u se  app roxi ma t i ons  
b a s e d  on nume ri c a l  i nve s t i g a t i on s .  The  maj or remai ni n g  p rob lem
i s  c ommon to  the s t a t i s t ical  the ori e s  of  nuc l ear  s p e c t r a  and  
of nucle ar re ac ti ons : wh a t  are the p rope r t i e s  of the nuc l e on­
nuc l e on i n te rac t i on wh i ch j us t i fy the use  of ran dom-mat ri x  
mode l s  for the nuc lear  H ami l toni an ? 




