
Evidence for Sti mulated Emission of Neutrons in 
Deuterated Palladium 

B .  STELLA , M .  CORRAD I ,  F .  FERRAROTTO , V .  MI LONE 
I NFN Roma and D i pa r t . di F i s i ca 
U n i v e r s i t a ' " La Sap i en z a " ,  P .  A .  Moro 2 ,  0 0 1 8 5  Roma 
F .  CELANI , A .  S PALLONE 
I NFN F ra s c a t i  ( Roma ) - I t a l y  

ABSTRACT 

I n  order t o  s t udy the e f f e c t  o f  Pa l l a d i um i n  c o l d  
f u s i on , me t a l l i c  deut e r a t ed P d  s amp l e s  have b e e n  i r radi a 
t ed w i t h  pa r t ly modera t e d  Am/ Be n e u t rons and the re s u l 
t i ng n e u t ron i n t ens i ty has been mea s ured by the FERMI ap 
p a ra t u s , an e f f i c i en t  and s o f i s t i ca t ed d e t e c t o r  f o r  mode 
r a t ed n e u t ron s . 
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Onc e  s u b t r a c t ed the ves s e l  + ( emp ty ) Pd e f f e c t  mea s u 
red i n  " b l ank " runs , a n  exc e s s  o f  1 3 . 0  ± 0 . 6  n e u t rons p e r  
s e c . ( '" 4 % o f  the t o t a l  mea s u r e d  rat e )  has been de t e c t ed . 
A s s umi ng 2 . 4 5  MeV ene rgy f o r  the neut rons emi t t ed by the 
ra d i a t ed s amp l e , the r e s u l t i ng ra t e  corr es ponds t o  s evera l 
o u t g o i n g  neut rons f o r  every neu t ron imp i ng i ng on the P d - D  
s amp l e .  S imi l a r  mea s u remen t s  w i t h  Cadm i um a b s orber gave 
l ower e f f e c t s . We don ' t  ob s e rve any e f f e c t  w i t h  gas eous 
deut e r i um .  

The unde r l y i n g  pro c e s s  can be i n t erpr e t ed a s  d - d  f u 
s i on i n  a Pd - D  l a t t i c e p e r t u rbed by neut rons . The exc e s s , 
p r e domi nant ly due to therma l i n c i dent neu t ron s , demons t r a 
t e s  that t h e  Pa l l ad i um l a t t i c e s t rongly i n c re a s e s  t h e  p r o 
babi l i ty f o r  d - d  f u s i on even a lmo s t  a t  r e s t . 

1 .  I ntroduction and methods 

The ma i n  cogn i t ive que s t i on concern i ng c o l d  f u s i o n  i s  
i f  t h e  d - d  f u s i o n  p robabi l i ty ( a lmos t ) a t  r e s t  i n s i d e  deu 
t e ra t ed met a l s  l i ke pa l l a d i um ( Pd - D )  i s  many o rders o f  ma 
gn i t ude l a rger than i n  vacuum and i n  the deu t e r i um mo l e c u 
l e . Th i s  i s  anyway not pos s ib l e  i n  P d - D  i n  a s t eady s t a t e , 
bec a u s e  the e qu i l i b r i um d - d  d i s t ance i s  much l a rger t h e r e  
than i n  the D2 mo l ecu l e . I n f a c t  a l l  c l a imed evi denc e s  f o r  
c o l d  f u s i on a r e  connec t ed to non s t a t i c  s i t u a t i on s . 

The ma i n  que s t i o n  can be approached by f i r i ng l ow e 
nergy deu t e rons t o  a P d - D  s amp l e  and d e t e c t i n g  f u s i o n  p r o 
duc t s  coming o u t . The c l u s t e r  imp a c t  f u s i on exp e r imen t s  a t  
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B rookhaven [ 1 )  can be int erpret ed according t o  us ( i n t e r 
p re t a t i on n o t  con s i dered by the authors ) a s  a pos s ibly p o 
s i t i ve answer ( yet not i n c l uding Pd l . Re s u l t s  o f  a c c e l e r a 
t ed s i ng l e  i on s  experimen t s  have been repor t ed a t  t h i s  
con f e r ence . Thi s  approach s u f fers f rom a f ew d rawbacks : 
1 )  The i on s  exp l ore only the surface o f  the s amp l e ; 2 )  
f ra c t a l  dimen s i ons o f  the s u r f a c e  and f i e l d  e f f e c t s  might 
p l ay a r o l e ; 3 )  the me t a l  surface is very o f t en d i r thened 
by d i f f e rent absorbed a t oms ; 4 )  the impinging energy 
cannot be s o  sma l l  t o  exc l ude " hot " f u s i on . 

Ou r s o l u t ion has been to u s e  neut ron s in order t o  
pert urb t h e  equ i l ibrium :  the l ower t he i r  energy t he l a rger 
the e f f e c t  ( by e l a s t i c  s ca t t er i ng ) , redu c i ng the doub t s  of 
hot f u s i on . Mo reover they exp l ore the f u l l  vo l ume of the 
s amp l e .  We use a modera t ed neut ron source : r ep ea t ed mea 
s u remen t s  wi t h  di f f e rent mode rators and absorbers can p r o 
vide ( by s ubt ra c t i on ) t h e  des i red qua s i - t h ermal p roj e c t i l e  
neut rons . 

2 .  The experiment 
As s amp l e s we have u s ed me t a l l i c Pd , one c i l inder ( 8  

mm d i amet er , 2 . 5  cm l ength ) and two s quare s e c t i on wi r e s  
( 1 . 2  rom s i de , 3 . 0 cm l ength ) . They have been l oaded i n  a 

s t a i n l e s s  s t ee l  c e l l wi th 3 5  Atm . D2 and l ow t emp e r a t u r e  
thermi c cyc l es . The l oading has been mea sured f i r s t  by 
p r e s s ure d rop and then by ma s s ,  wi th a s ens i t i v i ty o f  1 0 - 4  

g .  We have f ound a D / Pd a t omi c ra t i o  < x> : 0 . 7 1 ± . 0 1 avera 
ged over the f u l l  volume . 

An Am/ Be source ( 2 6 6 0  neut rons / s ec ) has been put i n 
s i de a modera t o r - col l imator ( f ig . 1 )  made o f  p o l i ethy l ene 
bulk and Cadmium wa l l s . Thi s " neut ron gun " was des i gned by 
f u l l  Me s imu l a t i on i n  order t o  have the max imum i n t en s i ty 
o f  s l ow neut rons imp i nging on the t arget and the minimum 
number h i t t ing d i rec t ly the det ec t o r . A removabl e Cd sheet 
i n  f ront a l l ows t o  change the spe c t r a l  compo s i t i on of the 
neut rons . The r e s u l t i ng spe c t r a  of t he proj e c t i l e  neut rons 
i n  the two c a s e s  is shown in f ig . 2 . The shaded area shows 
that by s ubt ra c t ion o f  two mea s u rement s  we can obt a i n  a 
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s ou r c e  enri ched wi th therma l neut rons . 

Fig. 2: Energy 
d i s t r i b u t i o n  
of the re lat i-
ve neutron 
flux on the 
s a m p l e  
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As d e t e c t o r  we have used FERMI appa ratus , out l i ned i n  
the p rev i ou s  con t r ibut i on : i t  prov i de s  neut ron detect i on 
wi th h i gh e f f i c i ency f o r  a broad range o f  energ i es , 0 . 5  
MH z  up t o  i n f i n i t e  t ime r e s o l u t ion f o r  bur s t s , s o f i s t i c a 
t ed e l e c t ron i c s  and da t a  a c qu i s i t i on , f u l l Mon t e  Car l o  s i 
mu l a t ion ( exp e r iment a l ly t e s t ed ) , s t a t i s t i c a l  en e rgy d e 
t ermi na t i on . The exper iment i s  s e t up i ns i de t h e  unde r 
ground Gran S a s s o  l abor a t o ry , were the neut ron background 
is 1 0 - 3 t imes l ower than i n  Rome . 

The Pd s amp l e s  were put ins i de a s t a i n l e s s  s t ee l  c e l l 
t o  be i n s e r t ed in the de t ec t o r  ( f i g . 1 )  c l o s e  t o  the neu
t ron sourc e . A po l i e thyl ene c o l l a r  2 cm thick s urrounded 
the t a rget c e l l . We have p e r formed s eve r a l  b l ank mea s u r e 
ment s :  1 )  wi th cel l i n  a i r ;  2 )  wi th 3 5  bar D 2  i n  the c el l ; 
3 ) c e l l  w i t h  Pd in a i r ,  t ogether wi th the ma i n  c a s e  o f  Pd-D 
in 3 5  b a r  D2 . Every mea suremen t  was repeat ed twi c e  and 
every case wa s mea sured wi th and wi thout Cd sheet i n  f ron t 
o f  t he source . 

3 .  Results 
The resul t s  a r e  shown i n  t ab l e  1 .  The three c o l umns 

concern the s er i e s  o f  mea suremen t s  wi t h  di f f erent neut ron 
sp ec t ra : the t h i r d  is the s ub t rac t i on of the s e cond f rom 
the f i r s t , t o  s i n g l e  out the e f f e c t  o f  p redomi nan t ly t he r 
ma l neut r on s . 

Every c o l umn i s  a c omp l e t e  s e t  o f  mea s u r emen t s , wi th 
b l anks and repea t ed runs t o  check sy s t ema t i c  errors ( we 
f ind i n t ernal cons i s t en cy o f  the dat a ) . The measurement s  
wi th gas eous ( i ncoherent ) D2 g i ve a negl i g i b l e  e f f e c t , a s  
exp e c t ed by the s imu l a t i on , wh i ch i n c l udes t h e  neu t ron 
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TSlbJ.� 
R n 

Emp ty c e l l 2 9 8 . 5 4 ± . 4 5 ± . 4 6 
P d  s amp l e  2 9 6 . 5 1 ± . 3 9  ± . 5 4 9 . 9 1 ± . 6 7 
Pd - D  + D2 ( 3 5  bar ) 3 0 9 . 5 4 ± . 4 4 ± . 5 4 1 6 . 1 2 ± . 7 0 
( Pd - D  + D2 ) - Pd 1 3 . 0 3 ± . 5 9 ± . 7 6  6 . 2 1  ± . 9 6 

Emi t t e d neut ron 
exc e s s  ( MC e f f . ) 5 8 . 3  ± 2 . 6  3 0 . 5  ± 3 . 4  2 7 . 8  ± 4 . 3  
I n c i dent 
neutrons ( MC )  1 1 . 3  ± l . 0  9 . 4 2 ± . 9 2 l .  8 6  ± . 3 8 
Exc e s s / i n c i dent 5 . 1 6 ± . 5 2 3 . 2 4 ± . 4 8 1 4 . 9  ± 3 . 8  

c a p t u r e . A f t e r  subt ra c t i on o f  the b l ank r a t e s , we f i nd an 
exc e s s  i n  both s e r i e s  with 2 2  and 9 ( 6 . 5  for the di f f e ren 
c e )  s t andard devi a t i ons s i gn i f i cance r e s p e c t i v e ly and c o r 
r e s ponding t o  2 - 5 % o f  the t o t a l  mea s ured ra t e . 

Our s t a t i s t i c a l  ene rgy de t e rmi n a t i on ( by d i s t r i bu t i on 
o f  coun t i n g  r a t e s  o f  our 9 count e r s ) has poor r e s o l u t i o n  
i n  t h i s ca s e , d u e  t o  t h e  s ub t r a c t i on o f  l a rge numbe r s . W e  
t h e n  a s s ume a t  p r e s en t  ( we a r e  wor k i n g  t o  imp rove the me 
t ho d )  2 . 4 5  MeV f o r  the energy o f  the neutrons emi t t e d  by 
the s amp l e s . The c o rr e spon d i ng e f f i c i en cy wa s 2 2 . 3  % .  W i t h  
t h i s numb e r  w e  det e rmine t h e  emi t t ed r a t e  o f  n e u t rons and 
c omp a r i ng it w i t h  the i n c i dent one , we conc l ude that s ev e 
r a l  neut rons have b e e n  emi t t ed f o r  every i nc i dent one . The 
l a s t  numb e r  to the r i ght shows tha t mo s t  o f  t h e  e f f e c t  i s  
due t o  t he rma l  n e u t r o n s . 

The r e s u l t s  -can be exp l a i n ed only by the i n f l u e n c e  o f  
Pd l a t t i c e  ( s i n c e  we don ' t  f i nd any e f f e c t  w i t h  i ncoherent 
D2 ) . F i s s i o n  neutrons ( we have t o  check i f  our s amp l e s c o 
me f rom rea c t o r ) cannot l i k e ly a c count f o r  the e f f e c t , b e 
c a u s e  t he mea s u r ement wi t h  P d  a l one ha s been subt ra c t ed . 
We have checked other sys t ema t i c  errors . 

4 . Conclusions 

We f i nd an e f f e c t  we a t t r i bu t e  t o  mu l t i p l e  d - d  f u s i o n  
i n  P d - D  s t imu l a t ed ( pe r t urbed ) by therma l neu t ron s . The 
exc e s s  o f  s evera l neut rons f o r  every i n c i dent one imp l i e s  
that the Pd - D  l a t t i c e  ha s a f a r  l a rger p robab i l i ty p e r  
un i t  t ime o f  emi t t i ng neut rons than t h e  D2 mo l ec u l e . 

We a r e  checking i f  the t ime d i s t r ibut i on o f  the e 
ven t s  i s  c o n s i s t en t  w i t h  our int erpret a t ion . The exp e r iment 
is b e i ng repea t ed f o r  c on f i rma t i on . 
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