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Ne u t r i no l es s  doub l e  beta decay ( aaovl woul d requi re two p i eces of new phy­
s i cs , one of wh i ch i s  l epton number nonconserv a t i o n .  Among cand i da tes for the 
other a re l i g h t  e l ectron neut ri no mas s ,  the admi x ture o f  a very heavy neutri n o ,  
a n d  s u persymmetri c pa rt i c l es wi th R - pa r i ty v i o l a t i on . Appl i cabl e t o  these i s  
a new l i mi t from t h e  UCSB/L3L G e  detec tor a rray f o r  t h e  o+-+0+ t ra n s i t i on i n  
7 6 Ge o f  T 1 ; 2>6xl 0 2 3y from the f l uctua t i o n  i n  the bac kgrou nd or 8xl02 3y by max i ­
mum l i ke l i hood a t  the 68% C . L .  Th i s  res u l t  a l so sets l i mi t s  on r i g ht-handed 
c u rrents , a s  does the res u l t for the 0++2+ trans i t i o n ,  T 1 / 2 >2xl02 3y .  A l i mi t 
of T 1 ; 2 >1 . 4xl0 2 1y at t h e  90% C . L .  i s  set on SSov i nduced by a Gol dstone boson , 
s uch as a Majoron . The l as t  re sul t i s  i n  d i sagreement w i th a recen t l y  re­
ported poss i b l e  observa t i on of Majoron emi s s i on .  
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I f  neutri no l es s  doub l e  beta decay 1 , Z )  ( BBo) were observed , i t  wo ul d provi de 
i nfo rma tion on phy s i c s  beyond the standard model i n  at l east two area s :  v i o l a­
t i o n  of l epton number conserva t i on p l us one or more of a l i s t wh i ch i nc l udes 
l i ght neutri no mas s ,  ri ght-handed cu rrents , heavy neutri no mas s , s u persymmetri c 
part i c l es w i th R-pa r i ty v i o l a t i o n , 3 ) and the exi s tence of a mas s l e s s  Gol dstone 
boson s uc h  as the t1ajoron . 4 ) The l a s t  o f  these wo u l d have part i cu l a rl y  w i d e ­
rang i ng consequences , s i nce t h e  Majoron wou l d  res u l t  from t h e  spontaneous b reak­
i ng o f  baryon minus l epton number symme t ry ,  a process a l s o g i v i ng mass to l i ght 
Majorana neutri nos .  Thus the recent reports 5 ) of the pos s i b l e  observation o f  
neutr i n o l e s s  B B  decay i nduced by Majoron emi s s i o n  have aroused wi despread i n ter­
e s t .  The res u l ts presented here are based on an experiment wi th a l mo s t  an order 
of magn i tude more data and l ower backgrounds and di sagree w i th those reports . 

The nucl eus 7 6 Ge i s  a candi date for BB decay and consti tutes 7 . 8% of nonnal 
Ge, wh i ch can b e  made i nto an exce l l e nt detector of e l ectron energy . The BB de­
cay wou l d then be observed a s  the s um o f  the energ i es of the two el ectrons emi t­
ted . The '\.{) . 1 %  energy resol ution o f  a Ge detector is particul arly useful i n  the 
search for the ss0v decay , 7 6 Ge+76Se+2e- , the evi dence fo r whi ch wou l d be a s p i ke 
at the end po i n t  ene rgy of 2 . 041 MeV .  The energy res o l u t i o n  of the Ge i s  of 
l i ttl e use in searc h i n g  for SSzv decay , 7 6 Ge+76Se+2e-+2ve , wh i c h  g i ve s  a four­
body decay spectrum pea k i n g  at about 0 . 65 MeV , or the SSov , B decay , 7 6 Ge+7 6 Se+ 
2e- + B , g i v i ng a t h ree-body spec trum wh i c h  pea ks at about 1 . 55 MeV . Here B i s  
the mas s l e s s  Gol dstone boson wh i ch we s h a l l hereafter refer to a s  a Majoro n .  
The ma i n  rea son any mea n i ngful resu l t  can b e  presen ted for the S Bov , B decay i s  
that rema rkably l ow b a c kgrounds have been a c h i eved w i th the Ge detectors . 

Among the Ge experi ments the mai n d i s t i nction i n  method of background sup­
ores s i on is  whether o r  not a n  active N a I  s h i el d is  u s e d .  Na I and as soci ated 
phototubes are not a s  free of ra d i oacti v i ty a s  other mater i al s nea r the Ge detec­
tors , and des p i te the s e l f - veto i ng , sys tems wi th Na I tend to di s p l ay more a n d  
l a rger fu l l -energy pea ks t h a n  d o  those wi thout N a  I .  Ho,t1ever , the pea k s  theri-
se l ves do not i nterfere w i th observ i ng SB decay . Rather i t  i s  the l ow- encr�·1 
ta i l s  from thos e pea k s  wh i c h  ra i se backgrounds , and the Na I p ro v i des typ i c a l l y  an 
order o f  magn i tude s u ppres s i on of the Compton tai l .  T h i s  comes about not o n l y  
b ecause t h e  Compton s c attered photon i n  mos t  cases ex i t s from t h e  G e  and enters 
the Na I to veto the event , but a l s o  beca u s e  many of the i n i t i a l  photons are part 
o f  a cascade decay , and any of the other t i me-coi n c i dent photons can a l s o veto 
the even t .  T h i s  suppre s s i on i s  i mporta n t  because the number o f  counts i n  a Comp­
ton ta i l  can be many t i mes the number of counts i n  the pea k ,  and thi s peak/Comp­
ton ra ti o is di ffi c u l t to model , s i nce it is very dependent on the l o ca t i on of 
the source re l a tive to the Ge and the presence of any i 1 terven i ng mate r i a l . 
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In  addi tion to the Comrton tai l , there is another source of  counts bel ow 

each pea k wh ich i s  not genera l ly taken i nto account , and which , due to i ts shape , 

i s  eas i l y  confused wi th mul t i p l e  Compton scatteri ng . This  effect occurs i n  a l l  

semiconductor detectors because o f  the existence o f  regi ons i n  the dev i ce where 

there is i ncomplete cha rge co l l ection due to distort i ons in the el ectric  fiel d .  

Wh i l e  only 1 0- 20% of s i gnal s from s i ngl e  i nteract i ons woul d  b e  degraded i n  this  

manner ,  a typical h i gh-energy y- ray undergoes �3 i nteractions i n  the detector. 

If any one of these i nteractions occurs in the reg ion of  d i s torted fi el d ,  a de­

graded s i gnal resul ts , so that typical ly a round hal f  the s i gna ls  correspond to 

energ ies wh ich are too l ow .  T h e  UCSB/LBL group h a s  made extens i ve measurements 

�i th sources in di fferent l ocati ons with respect to the Ge to determ i ne the 

shapes of  the l ow-energy tai l s  of peaks  res u l t i ng from both Ge detector charge­

col l ection i neffi c i encies and Compton scattering.  

The UCSB/LBL experiment6 )  200m underground i n  the powerhouse of  the Oro­

vi l l e ,  Ca l i fo rn i a  Dam has used between 4 and 8 Ge detectors , averag i ng about 1 60 

cm 3 ( 0 . 9  kg )  of fiduc i a l  vol ume each , i n s i de a 1 5-cm-th i ck complete Na ! sh ie l d ,  

�h i ch i n  turn i s  i n s i de borated polyethy l ene s urrounded by a 20-cm-thi ck Pb 

sh i el d .  The  data presented here for  the  Majoron-i nduced decay represent a tota l 

mass x l i ve-time of 7 . 1  kg ·y .  T h i s  i s  by far the l a rgest data sampl e ava i l ab l e  

for s tudy i ng thi s  process .  

The recording o f  background events i n  a Ge detector i n  which energy i s  de­

�os i ted in a Na ! c rystal or a s econd Ge detector provi des a powerful di agnostic  

tool . As  an exampl e i mportant to  the  resul ts presented here , we have found i n  

th i s  way that 6 8Ga provi des a s i gni f i cant source o f  background . The 6 8Ga activ­

i ty probab ly origi nates from 7 0 Ge ( n ,3n ) 6 8Ge , w i th the 6 8Ge decayi ng by el ectron 

caoture ( 230- day ha l f-l i fe )  and g i vi ng a characteri stic  Ga X- ray . The daughter, 

6 8Ga ,  decays with a 68 mi n .  ha l f- l i fe ,  emi tti ng a 1 . 39 MeV s+ . I f  the pos i tron ' s  

ann i h i l ation y ' s  a re a l so absorbed i n  the Ge detecto r ,  a s pectrum extendi ng to 

2 . 91 MeV i s  produced .  Thi s background s ource domi nates from 0 . 3  to 1 .  7 MeV the 

snectrum wh ich resul ts when the ann i h i l ation y ' s  escape and a re reg i s tered in the 

Na ! .  Confi rmation o f  t h i s  i mportant source of  background i s  obtai ned from ( 1 )  

the s i ze o f  the Ga X-ray peak , and ( 2 )  the rate a t  whi ch the background l evel has 

decreased s i nce the detectors were pl aced underground ,  this bei ng consi stent wi th 

a 280-day hal f-l i fe .  � Ge detectors must have thi s backg round acti v i ty ,  si nce 

it i s  produced both by cosmi c rays when the Ge is above g roun d ,  and probably a l so 

because o l d  neutron-damaged Ge detectors may go back i nto the pool of starti ng 

materi a 1 and contami nate newly produced c rystal s .  The quanti ty o f  6 8Ga wi 1 1  vary 

from detector to detecto r ,  but al l detectors used i n  SS decay experiments i n  

wh ich suffici ently l ow energy mea surements have been recorded show the character­

i st i c  Ga X- ray peak . 
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I n  the energy reg ion of major i nterest , 1 . 5  to 3 . 0  MeV ,  our data can be ac­

counted fo r ma i nly by 6 8Ga act iv ity and the ta i l s  o f  i denti fied peaks . Si nce 

the 4 °K  peak at l .  461 MeV is an order of magn i tude la r9er than any other peak , 

i t  is safer to confi ne the analys i s  to energ ies above tha t pea k .  Furthennore ,  

the ma i n  sens i t i v i ty to Majoron-i nduced decay i s  above 1 . 5  MeV . However ,  we can 

model the 4 °K tai l suffici ently wel l  that the res u l ts obta i ned bel ow do not 

change apprec iably i f  a wider  energy region is i ncl uded.  We have accumul ated 

s uffici ent counts that 33 y-ray l i nes can be i denti fied wi th known nucl i des be­

tween l . 5  and 3 . 0  MeV . f1any of these are sma l l  and mi9ht be ascri bed to back­

ground fl uctuations in data sets with fewer counts , or wi thout Compton suppres­

s i on .  I f  peaks a re not i denti fied and data a re a veraged over l arge energy i nter­

val s ,  as i s  done in l ooking for Majoron-i nduced decays , then not only are the 

peak counts subsumed i nto the a verage background ,  but a l so the far l a rger number 

of counts i n  the tai l s  a re not properly i denti fied .  In our fit to the data wi th 

the peaks subtracted , the ta i l  contributions provide roughly hal f the background , 

whi l e  the 6 8Ga act i v i ty s uppl ies  about one-fi ft h ,  a l though th i s  contri bution i s  

both energy and time dependent , earl i er data showi ng more than later.  The re­

ma i nder of the background we take as a constant ,  a l though repl acing it by a tenn 

l i nea r or even exponenti a l  i n  energy does not change the resul ts signi f icantl y .  

Thi s  one-fourth to one-thi rd of the data represents o u r  ignorance. H ith more 

statistics  we woul d very l i kely i dent i fy other peaks or beta s pectra . 

The resul ting fi t sho"tn as a sol i d  curve i n  Fi g .  l ,  where the data mi nus 
peaks is pl otted in 50 keV b ins , i s  sur-

pri s i ngly good con s i deri ng the compl exity 

of the qu i te i rregul ar  background,  the 

di fficul ty in model i ng the l ow-energy 

tai l s  of peaks , and the l i kel i hood that 

sma l l  peaks are sti l l  be ing  missed.  

Thus  no Majoron- induced decay � needed 

to expl a i n  the data . T o  take i nto ac­

count the fact that the systema t i c  errors 

i n  describi ng the background a re some­

what l arger than the statistical  errors , 

we sca l e  up the statistical  errors by a 

factor of 2 . 0 ,  wh ich  woul d  make the x2 

per degree of freedom equal to l .  Us i ng 

these conservatively i nfl ated errors we 

get a 90% confidence l evel upper l imi t 

for T112( BBl)v ,B )  > 1 . 4 1 02 1y . This  woul d 

Oli.,,.5---'--�2'=D��---;2.;";;5�------,,:3.0 
ENERGY (MeVl 

Fig . 1 .  Data from this experiment 
averaged over 50 keV bins with a f i t  
( solid line) to the known background 
plus a constant term . The dashed 
curve is a f i t  requiring the addi tion 
of a Maj oron-induced decay of T 1 /2 = 
6x102 0y .  The o ther curve shows the 
expected shaoe of the latter decav 
alone. 
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corresrond2 )  to a l im it  on the coup l i no of the Majoron to the el ectron neutri no 

of <7xlo- • us i ng the matrix el ements of Ref .  l and <3x 1 0- •  u s i ng those of Ref.  7. 

If we try to fit the data by i nc l ud i ng a contri bution of  Majoron- i nduced de­

cay at the l evel of  T1 12 ( 1313ov , B ) = 6xl 0 2 0y s uggested by the  data of  Ref , 5 we  can 

get the dashed curve of  F i g .  l .  However,  th i s  re�ui res that the ta i l  contri bu­

tion be as sma l l  as the errors on the pea k hei ghts a l l ow and that the 6 1Ge con­

tribution go to zero , whereas we know this  acti v i ty exi sts . Even wi th these 

unreal i s t i c  conditi ons the probab i l i ty of  th i s  curve f i tt i ng the data is 1 0 5  

t imes sma l l er than the f i t  wi th n o  Majoron- i nduced decay component. 

Our resul t i s  c lea rly in d i sagreement wi th that of  Ref. 5. I t  is i nterest­

i ng that one of our 8 detectors consi dered a l one s hows a spectrum remarkably s im­

i l ar to that of Ref .  5 ,  as shown i n  Fi g .  2 .  I n  both cases there i s  promi nent 

evi dence for an a at  5 . 3  f1eV ,  wh ich  gi ves a l arge conti nuum extending down to 

the v i c i n i ty of  2 MeV .  

By comoaring th i s  spectrum w i th 

that for our other detectors with  much 

l ower a background ,  we see that the de­

graded a ' s  provi de a contri bution to the 

background wh i ch gradual ly fal l s  toward 

l ow energies  and wh i ch combi nes with the 

normal r i s i ng background seen in F i g .  1 
to produce an a lmost flat background 

down to about 2 MeV .  Thus the subse­

quently r i s i ng background appears more 

s i g n i f i cant i n  thi s part i cu l a r  detector, 

wh ich has a cons i derably l a rger l evel of 

background than any of  our other detec­

tors . 

In addi t ion to the m i s l eadi ng f lat  

background at  h i gher energ ies mak ing  the 

J . 25 1 . 5  t . !5 2 ENERGY ( M e V )  
2 . 75 3 

Fig . 2 .  Data from the UCSB/LBL detec­
tor with the largest a background com­
pared to the PNL/USC data normalized 
to the same counting time and mass of 
Ge . The PNL/USC data are shown with 
error bars , whereas for clarity only 
one typical error bar is shown for the 
UCSB/LBL data, which are plotted as 
a his togram . 

rise  at l ower energ ies l ook  more i mportant i n  the data of Ref .  5 ,  we suggest 

that the authors are a l s o  being mi s led  by bel i ev i ng that "The only background i n  

the spectrum above the 1 461 keV y ray peak i s  the b road 5 . 3  MeV a-pea k and i ts 

degraded conti nuum , "  as can be seen i n  F i g .  3 ,  i n  which  our data are compared 

wi th the i rs properly norma l i zed to the same count i ng time and quantity of Ge . 

Uh i l e  they excl ude 6 1 Ga as being the so le  source of the r ise  i n  the spectrum , 

they certa i n ly have some of th is  acti v i ty ,  as s een by the Ga X- ray i n  thei r l ow­

energy data . They a l so may not i denti fy other y ray peaks because of i nsuff i ­

c i ent stat isti cs , a n d  i n  the i r  case w i th n o  Compton suppres s i on the tai l s  of  

those peaks wou l d  contri bute many more counts than the pea ks themsel ves . One 
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other i s sue i s  tha t the data do not 
show the s teep rise from the endpo i nt 
toward l ower energ i es expected from 
Maj o ron-i  nduce d decay , a s  shown by the 
c u rve i n  F i g . 1 .  Th i s  i s  the case for 
both the data o f  Re f .  5 (a 1 though the 
stati s t i c s  i n  th i s  case obscures the 
po i nt )  or our own , wh i ch has a n  order 
of mag n i tude more kg ·y i n  th i s  energy 
range . 

The flflov 
decay , wh i c h  wou l d  g i ve 

a s p i ke at 2 . 04 1 MeV , i s  much ea s i er 

Fig. 3. Data from the UCSB/LBL detec­
tors (with the one el iminated which was 
used for Fig. 2) shown as a histogram 
compared with the PNL/USC data normal­
ized to the same counting t ime and mass 
of Ge.  The latter is plotted in 100 keV 
bins and the former in 50 keV bins . 

to observe and to i n terpret than the 
s pectrum o f  the flflov , B decay . The l i ­

m i t  for th i s  decay h a s  imoroved cons i derab l y  s i nce our prev ious pub l i cati o n . 6 ) 

For a data s ampl e of 7 . 75kg · y ,  the t i me and detector averaged background i n  the 
v i c i n i ty o f  2 . 04 11eV is now 1 . 4 counts/ keV · kg ·y .  On the bas i s  o f  the fluctuation 
a l l owed in the background in a n  energy regi o n  a round the expected pea k we get a 
68% C . L .  l i fetime l i m i t  T1 1 2 ( ee0) >6x l 02 3y .  Howeve r ,  there i s  a d i p  i n  the ener­
gy region where the peak i s  expected , so a max i mum l i kel i hood a n a l ys i s  res u l ts 
i n  a l a rger l i fet i me l i mi t .  U s i ng the analys i s  orocedure recommended by the 
Parti cl e Data Gro u p , 8 )  we obta i n  a l i m i t  of 8xl 0 2 3y .  

The d i fference i n  these two res u l ts for a l i fe t i me l i m i t  po i nt s  u o  the fu t i ­
l i ty of try i ng t o  produce a "worl d l i m i t " .  Al though attempts have been made a t  
doi ng s o  by add i ng the s pectra o f  d i fferent experi ments , t h i s  i s  a dub i o us proce­
dure , parti c u l a rl y  s i nce the energy reso l ut i on d i f fers from one expe r i ment to 
another. For the res u l t  g i ven above , a dd i ng the data from a l l other experiments 
only changes the l i m i t  by about 1 0% , wh i c h  is l es s  than the uncertai nty i n  a s s i gn­
i ng a l i m i t  from our experiment a l one . 

Th i s  res u l t  may be i nterpreted as a l i m i t  on l i ght Majorana neutri no mass ,  
g i v i ng a l ower l i m i t  o n  the effect i ve mas s  of the neutri no i n  the BBov 

proces s .  
Ho\�ever,  i f  a pos i t i ve res u l t  were observed a t  th i s  l i fetime va l ue ( an d  we choose 
6xl 0 2 3y to be cons ervati ve) , then a neutri no wou l d  have to ex i s t w i th th i s  or a 
l a rger neutri no ma s s . 9 )  To show the effect o f  u s i ng d i fferent n u c l ear matri x 
el ements ( ca l cul ated i n  the references g i ve n )  to i n terpret the resu l t ,  we g i v e 
the neutrino mas s  l i m i ts to more s i gn i fi ca n t  f i g ures than the unc erta i n ty i n  the 
l i fetime warra nts : <mv> <  1 . 7 ( Re f .  1 ) ,  1 . 2 ( Re f .  1 0 ) , 0 . 66 ( Re f .  7) eV . These 
va l ue s  apply to the case i n  wh i c h  th i s  is the only cont r i b utor to BBov · 

I f  i ns tead the decay occ urred beca u s e  of the m i x i nq w i th a proba bi l i ty ( U�) 2 
of the e l ectron neutri no w i t h  a heavy Majorana neutri no , Mv , a l i m i t  can be set 
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Fig . 4 .  Limits on the mass of a heavy 
Majorana neutrino coupled to a left­
handed W boson as a function of its 
probability for mixing with an elect ron 
neutrino . 
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10° 101 105 mN in GeV 
Fig . 5 .  Limits on the mass o f  a heavy 
Maj orana neutrino coupled to a right­
handed W boson as a function of the 
mass of that boson. Increasing the 
double beta decay limit from 2 . Sxl02 3y 
to 6Xl02 3y has added the dotted region. 

on Mv for a gi ven ( U� ) 2 ,  as shown i n  F i � .  4 .  Val ues above and t o  the l eft of 
the d i agonal l i ne (wh i ch uses the cal c u l a t i o n  of Re f .  1 )  a re exc l uded , and these 
are general ly much better l imi ts than those from other experiments , a l so shown 
in the fi gure . T h i s  neutri no wou l d  be coupl ed to a l eft-handed W boso n ,  but i f  
i ns tead i t  were coupl ed to a ri ght-handed W boson , WR ' s uch a s  appears i n  l eft­
r i g h t  symmetri c mode l s , then the l i mi t on neutri no mass ( now g i ven as mN i n  
Fi g .  5 )  becomes a functi on o f  the mass o f  WR ' a s  shown i n  the f i g u re ma i n ly taken 
from Mohapatra . 1 1 ) 

One other use of th i s  l i feti me l im i t  
i s  t o  constra i n  the � s q ua rk mass as a 

> 10
4 
��---��=---��� 

funct i on of gaugi no mass for s upersymmet­
ric theories wi th R pari ty v i o l at i o n . 3 ) 

"' s 
0 z :::i 0 aJ 
re: 
w 103 One l imi t i s  g i ven by z i no pl us photi no � 

exchange , wh i ch s ho u l d  surely o cc u r , but � Ul an even more stri ngent l i m i t  i s  set i f  g l u- � 
"' re: i no exchange i nvol ves essent i a l l y  a poi nt 

i nteract i on so that a Fi erz transforma t i on 
i s  al l owed and col ored i ntermediate s tates 
are not requi re d .  Both l i m i t s  a re shown 
in Fi g .  6 ,  wh i ch aga i n  depends on  the ca l ­
cul a t i on of Ref .  l .  I t  wi l l  be noticed 
that these are genera l l y  wel l beyond va l ­

a 102 ��l�0-2-����l�0-3-�
���

1 04 

9-86 GAUGINO MASS (GeV) 5568AI 

Fig.  6 .  Lower limit on the � 
squark mass as a function of the 
mass of the gaugino exchanged . 

ues wh i ch can �e rea ched w i th nresent accel erators . 
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F i nal ly ,  l imits may be set on the exi stence of right- handed currents ( RHC) . 

The transi tion to the f i rst exci ted state of 7 6Se ( i . e . , 0++2+ ) can occur only 

by RHC ,  and hence search ing for it woul d  be of  great importance if any pos i t i ve 

effect were detected. This  i s  carried out us i ng the Na!  i n  co i nc idence w i th the 

Ge s i gnal to detect the 0 . 559-MeV deexc i tation y- ray . The l i fetime 1 i mi t on this  

process set  by the  background fl uctuations is  T1 1 2>2x l 02 3y . Us i ng , however , the 

l imi t from the O++O+ trans i t i o n ,  whi ch i s  more restri cti ve , constrai nts can be 

set on the RHC coupl i ng pa rameters , nRR and nRL ' These are the coeffi ci ents i n  

the Hami l tonian of  the ri ght-handed l eptoni c  current a nd the ri ght- or  l eft­

handed hadronic current.  The effect i ve val ues of nRR and nRL are g i ven in Tab l e  I 
under the assumption that one or the other of these i s  the sol e contri butor to 

SSov • i n  order to s how the sens i t i v i ty of each parameter to the l i fetime l i mi t .  

Not only mi ght both be  i nvol ved , b u t  al so i n  any gauge theory i f  RHC exi s t ,  then 

m ;o . 9 )  Tab le  I a l s o  g i ves unjusti fied s i gni ficant f ig ures to show the effect \) 
of di fferent ca l cu l at ions . 

TABLE I: Limits on RHC Parameters for T112 > 6 x 1023y 

Parameter Ref. 2 and 3 Ref. 24 

< '1RR > 3.2 x 10-6 2 .4 x-6 

< ,, ,,, > 3.0 x 10-7 2 .9x-8 

These various res u l ts emphas ize the power of doubl e beta decay for probi ng 

phys i cs beyond the Standard t1odel . Unfortunately,  so far only min imum l i fetime 

l i mi ts have been obta i ned,  and our res u l ts do not surport a discovery as exc i t ing 

as neutrinoless doub l e  beta decay i nduced by t1ajoron emi ss ion . 

Th i s  work was s upported i n  part by the U . S .  Department of Energy and was 

done in col l aborati on wi th R . t1 . E i sberg , F . S .  Goul d i ng ,  D . M .  Grumm , D . L .  Ha l e ,  

D . A .  Land i s ,  N . W .  Madde n ,  R . H .  Pehl , A . R .  Smi th , and M . S .  W i therel l .  
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