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Abstract 
The preliminar;y result a  of a search for the 2�+ and Kf.>+ 

in a coincidence experiment using a high pressure ionization 
chamber of enriched 78Kr inside NaI scint illators are presen­
t ed .  After 4434 hours of counting t ime the half-life limits 
obt ained are T

1 1 2 ( K�+) 0'11 ;i: 5 . sx1 02 1 y and T 1 1 2 C 2j!>+ ) O'I> +2 \1 � 
2 . ox1 02 1  y at 68% C . L. These are the best world l imit s for 
the 2�+ and Kf-.+ decay modes. 
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On general grounds ,  it is e st abli shed that t he 2pt decay 
rat e s  1 , 2 , 3 )  are about six orders o! magnitude l ower than 
the 2 �- decay o! emi t t ers o! the S!!.llle region o! nucl ides 
( say 78Kr versus 82se ) ,  when l'l. S suming similar nuclear ml'l t ri x  
el emen t s .  That st rong reduct ion stems !rom t he small e r  energy 
avai l able end the Coulomb repul sion !actor in the p o s i t ron 
emi ssion. The cleaning o! t he bl! ckground imp l i ed by the 
a:anihill'l.tion photons ( when performing coincidence experiment s )  
might somehow compen s a t e  the sml'l l lness o !  the expected rl'lte. 
A !"vourable nuclear matrix el ement l!l so enh10,nce t he rat e 
bringing it to more opt imi s t i c  perspective s .  Notice thrt no 
detai l ed t heore t i c a l  e s t imat e s  are �va i l e.bl e. On the o ther 
hand t he e l e c t ron-posit ron conversion is a more probe.ble 
p ro c e s s  t h l'ln t he double p o s i t ron emission because o! the 
higher PVai l Rble energy l'l.nd the sml'l l l e r  Coul omb repul sion. 
The relat ive rat e s  are roughly a !actor 1 03- 1 04 !or t he two 
ne u t rino mode wi t h  respect to the ' co rrespondine; 2 j!>+ emissions. 

Sui t able candidat e s  becnuse o !  t heir experiment e l  c � p abi­
l i t i e s  a s  detectors themselves o r  because o !  a !rvourable 
t heore t i c al exp e c t ed rate ll.re the ? ,,,_, ... emi t t ers 78Kr, 1 24xe 
and 1 0 6cd, t he l Fi st one beir:g p l" rt i cul a rl y  !a.voure.ble !rom t he 
theoreti cal point o! view. There a re no t heore t i c al estimat e s  
o f  t he 78Kr p ro ce s ses exp e c t  i n  t h e  simp l e  4 ) or n <> ive 5)  
.-pproe.ches. On t he o t her h1md , t h e  p h ,, se sp ,,ce i n t ec;ra l s  
a.ppe11 ring in t he 78Kr and 1 24xe C l'l se s  h"'ve been recently 
computed by using rel FJ t ivist i c  ,·eve !unctions for the l ep t on 6 �  . 

The 78Kr t ran sit ion t o  78se h�s a Q-velue o! 2 . 88 1  Mev 
l'.nd the t rRnsi t ions ( A ,  Z) - ( A ,  Z- 2 )  are indi cated in t he 
sc:'leme dep i c t ed in Fie;ure 1 .  The three processes, double 
p o si t ron emissicn, el ect ron Cl'lpt ured foll owed b;y p o s i t ron 
emi s sion and double elect ron capture Fire energeti cally 
al lowed for t he t r!'m si t i ons t o  t he ground s t .., t e s .  TrMsi t ions 
t o  the excited s t a t e s  o !  78se are al so po ssible, but t hey a re 
no con sidered here. We are int ere s t ed in exploring the 
proce sses 2 f->+ �nd K f-;'" sel'lrching !or the coincidences ( wi t h  
"nd without neut rino emi s sion) between t h e  p o s i t ron ( s )  sign-"l 
rec�orded in n source-de t e c t o r  high pressure ioni z11t ion clv=mber 
( IC )  o !  kryp t on g"'s ( enri ched in the i s o t ope 78 ) rnd the 
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51 1 kev l'll1nihil11.tion photons detected in a set o f  sodium iodi­
ne detectors which surround the chamber. The sign"'ture of the 
neutrinoless 78Kr - 78se electron-posit ron conversion would be 
l'll1 energy depo sition of 1 859 keV in the IC ( po sitron kinetic 
energy plus the selenium K- shell binding energy) in coincidence 
with the two 11nnihilation gl'1mm11s in the N a i s ,  whereas the 2 fo+ 
decay would show up as four l'l.Ilnihil 11.tion gammas in the scintil­
lators coincident with a positron depo sition energy of 837 keV 
in the IC. In the case of no operation of the I C ,  i . e. when 
using the chrunber only as n source of potential emit ters, the 
recording of gR.llllllas will only provide inclusive ( O v  +2 v) resul_t . 

The experimental device consist s of 11. high pressure, high 
resolution ionization ch,,mber placed within "n hexagorn;.l 
system of l arge N11.I scint illat ors. The dimensions of the IC 

are 1 0 . 6  cm of diameter 11.nd 1 4. 0  cm long, and it s internal 
volume V=1 . 54 l iters .  The w11.ll i s  2 mm thi ck, a ct ing � s  the 

grounded c athode. The cent rl'l l "node he s ,.. diameter o f  1 2  mm. 
Surrounding the centre.I anode ,  there is a grid o f  40 mm di ame­

t er, formed by wires on tungsten ( 50 � m of di!\meter) sp !'l ced 

2 mm. Wi t h  the se p 13.rl!.llleters, the e s t im1;1ted shield inefficiency 

of the grid is less than 3. 5%. The body fl !'nge s nnd elect rodes 

of the chnmber hl'lve been made in t it ,,nium. QuPrt :» h"S been 

u sed P S  in sul a t o r. The chamber i s  fil led wit h  3 5  l i t er s  

( f iduc i l'l l  volume ) of KryPton g r s ,  i so t opi cnlly enriched u p  t o 

94. 1 5% in 78Kr, to be used both llS double be t r.  d e c r y  source 

and a s  det e c t o r  medium <it P pres sure of 25 Fl tmospheres. The 
t o t nl number of p o t en t i 11.lly double bet n emi t t e rs in the chFmber 

is N2.fo = 1 . 024:x1 o24 " t oms of 
78

K:r. The operl'lt ing cond i t ions 

were : grid volt ,,ge V � + 1 oonv , anode volt age V •+2600 v, g " 
cn thode is g rounded ; ll. pressure i s  2 5  P tmospheres. T he energy 

resolution achieved with " mixture of 78Kr + 0 . 2%H2 is fdrJ.y 

good . In the energy region s relevant for the 2 S�+ and Kp+ 
neutrinoless searches, one can quote,  conservat ively, an energy 
resolution of 3% l'lt 837 keV nnd 2% �t 1 8 59 keV 1'1 S  deduced from 

t he nearby 88y gamma lines of 1 83 6 . 2 keV, 898 . 0  keV l'lnd 81 4 . 2  
keV ( 1 83 6 . 2 keV - 2x51 1 keV ) .  

The scintillator system i s  composed o f  a set o f  six l arge 

BICRON NaI detectors of dimensions 1 5. 94 cm of diameter and 
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2J. JO om long, ot hexagonal cro s s- section. The detectors are 

m&de from especially chosen low-background material s end have 

been underground for more than four years before the st !'lrting 

of this experiment . The dimensions ot the crystal s are 1 J. 5cm 

die.meter, 20. 4cm long and �re wrapped in te!lon, canned in 

low background steel , 0 . 5 mm thick, having quart z windows and 

standard m&gnetic shielding. The measured energy resolut ion 

o! the NaI is 6% st the 60co line of 1 . JJ MeV. The six hexa­

gonal detectors have been arranged in P honeycomb-like struc­

ture, leaving the central hex!'lgonal hole to host the ioniza­

t ion che.mber ( see Figure 2 ) .  A 20 cm layer of low activity 

lead bricks shields the detectors from enviromentl!ll rrdioac­

t i  vity. 

The experiment has been carried out in the C!!!nfr�nc 

Tunnel L!!!borat ory ( Spanish Pyrenees) ,,t a depth o! 67 5 m w. e. 

The acauisition system !or the experiment i s  a fast- slow 

coincidence device using NIM rnd CAMAC electroni cs. The first 

scint illa.tors open " 1 00 n s  coincidence windo'..v in a CAMAC 

mul t iplicity l!lrithme t i c  logic unit which construct t he 

scint ill a t ors configuration m!'!Sk (scint i l l e t ors !ired during 

the coincidence t ime) and generat e  e. look "t me sigmil through 

the Camac bus wee.king an interrupt servi ce routine in the PDP 

1 1 /73 computer. For each event , vie store in "' hard disk the 

configuration mask, the t ime o! the dAy '''i t h  11 20 ms precision, 

the energies of the scint i l l P tors !ired, as wellas the corres­

pondin8 t ime dist ribut ions. The slow coincidence is done by 

opening a 60 fl s window and l ooking the energy detected by the 

chamber as well as the time di fference distribution between 

the scint illat ors ( 11 ct ing r- s  st "rt ) .-nd the ch.;mber sign •l 

( st op )  in a range o !  about 60 JJ- s· The chamber energy i s  also 

st ored in the same way r?S before. In order to minimi ze the 

access t ime to disk we use a software !lip-flop between two 

2Kw, 1 6  bi t s ,  buffers which fill a big 1 6  Kw, 1 6  bit s ,  buffer 

in memory which is t ransferred to di sk ,.-hen ful l .  

T o  compute t h e  efficiency of t h e  photon ( s )  detec tion by 

the Ne.I array " stl!lndard Monte C >" rl o  simul ,, t ion ,,, as used. It 

was found t h" t  After M !'! t om o! 78Kr K f->,._ decays in the active 

volume o f  the chrmber the prob.,bility o f  detecting two 5 1 1 keV 
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ge.mmas generated in the active volume of the chr.mber in rny 
pair of scintillators is 1: 2 1 .0. 1 9. We note that the coinci­
dences between adj acent sodium iodines are negligible, so the 
two gamma coincidences refer mostly to opposite scint illators 
and non-opposite but non- ad j a cent scint illators. On the other 
hand, the probability of detecting two 5 1 1 keV gellllll� in qny 
pair of NaI detectors in coincidence a l so with an energy 
deposit of 1 8 50 keV in the IC has been computed by MC to be 
2 . 8%. In the case of a 2 �+ decay following the e.nnihillation 
of both positrons inside the krypton volume, the probability 
of detecting the two pairs of 5 1 1 ' keV gamma rays in f'.ny set 
of four different detectors is 1 . 7%. 

To give a he.lf l ife limit of the neutrinoless el ectron 
followed by positron conversion "'e hPVe accumulated 4434. 5 
hours of three-fold coincidence dat e . •  Recording the chrunber 
signtl s in coincidence with the two 5 1 1 keV photons allows to 
dist inguish between the posi t ron ,.nnihil at ion inside the 
krypton gas from those two 5 1 1 keV gPmmn coincidences due to 
other background source s. The two ennihilntion g"mm"' ray 
coincidence b" ckground registrated ,. l so in coincidence with "' 
IC signal ( o f  unspecified energy) is 0 . 026 c/h ( for opposite 
Nais ) ,  0. 022 c/h ( for non opp o site,  non Pdj ecent Nels) and 
0. 007 c/h ( for adj ,.._cent one s ) , i . e. "'· reduction by factors 
20 , 40 �nd 500 with respect to the corresponding "'nnihiletion 
coincidence backgrounds obt ained with " vessel of similar 
dimensions cont �ining about one third less atoms of 78Kr. 

To set e l ower limit for the neutrinoless K �+ process in 
78Kr we have looked for the coincidences between 2 18 in their 
respect ive energy windows each one of 2 . 3 5 6  •54 keV width 
centred nround 51 1 keV and a IC signal of energy 1 859 ± 200ke1,I; 
Even in such a l arge IC window there were no event s et ell in 
the 4434 .  5 hours of counting t ime ( versu-s about two hundred 
and fifty event s recorded when the IC was also fired by the 
coincidence but without selecting any energy deposited in it ) .  
T o  derive half-life limi t s  we have used the st .,nderd e:xpres­
sion T 1 1 2  � ln2N2fi c tk/ A wh•:r• A is the upper l imit of the 
event s searched for end k the probR.bility of the event s to 
fall in the searched energy bin( s ) . The f P.ctor £ st ends for 
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the efficiency which according to t he 
rat i on was given fl.bove . The hr I f- l ife 
nbsence o f  even t s  t Aking int o A c c o 1.mt 
€ y;p- '"0 . 028 and k = ( 0. 7 6 ) 2 i s  

p ro c e s s  under conside­
limi t obtained from the 
N2fo= 1 . 024x1 o24 , t=0. 506y, 

( + )  2 1  T 1 ; 2 KJ' 0 \1 � 5. 8 :ir1 0 y ,  68%C . L. 

A very conservat ive 2 V  -mode hAl f- life l imit for the 
p ro c e s s  K�+ Cfln be o uo t ed i f  we assign t he regi s t e red coun t s  
in the upper part o f  t h e  c o incidence spectrum shown i n  Fig . ) 
( N (E > 700 keV) = 1 4 1  event s )  to the co rresponding " re n of the 
theore t i cal sp e c t rum6 ) o f the two-neut rino dec/'l.y mode in the 
p rocess K p+ of 78Kr. Thi s hAs been P usu c l  pro cedure employed 
to get h<0lf-li!e l imi t s ,  "voiding the higher b 1rnkground o! 
t he 101·: energy region · hicll · ould mask t he double bet r>  sign � l .  
B y  usine; t h e  !act t hd t h e  theore t i c i> l  upp er p ert o! t h e  2 -y 
spectrum accoun t s  for 2/ 3 of the t o t al numbe1· of double bet P 
coun t s  ( E=700 keV is the energy of the ma:irimum of the theore­
t i cal 2v spectrum) , one !';et s ,  using t he st,.,ndArd h 11 l f- l i fe 
formul " cited above. However, this e st imRt ion mAy be signi­
!ic1u1tly improved. Mat t er o! f,, ct , visible p eaks in t he Fig. 3 
,q t t he energies P bout 0 . 4 5  MeV, 0 . 73 MeV , 1 . 2  MeV ruJd may be 
even 1 .  6 MeV r> re consenuences of t he e + - e- pt'lir production 
inside t he IC by ge.mme s o! 1 . 46 ( 40K)MeV ,  1 . 76 ( 2 1 4Bi ) Me"i , 
2. 204( 2 1 4:D i ) MeV a.nd 2. 6 2 ( 208Tl )MeV. Therefore, '1 real C' U r>nt ity 
of count s in side tlc e  IC whi ch could he :refei e<1 ;. ,,  1 ; .e 
K�""

2v decay o f  78Kr wil1_ be much l e s s  11.nd t h e  resp e ct :' ve 
l imit be much higher. The present l imit withou t P bove mentio­
ned considerat ion is T 1 1 2 ( KJ+) 2 �2x1 0 20y, 68%C . L. 

Finally we have l ooked al so for coincidences of four 
annihi l A t ion g".mml"ls in the N"Is t ogether wit h  " sign � l  output 
from t he IC ( int ended at >in energy o !  837 keV in "' given 
vdndow) .  In fa· t ,  r- ft e r  4 9 54 . 2 5  hours of coun t ing t ime no 
coincidences o f  four gl'mmA sbov:ed up indep endentl y  o f  whF t ever 
cot.<ld h11.ve Jrn.ppen in the chnmber. In !ect , d.ue to t he chosen 
t rigger ( i . e. I\ai s  !irs t )  n o thing W" S obviousl3' registered by 
the1 IC which in this case h� s p l � yed the rol e  o! a mere source 
o! double p o s i t ron emit ters. The limit one get s i s  

2 1  T 1 ; 2 ( 2�+) 0 \I +2 \1 � 2 . 0:ir1 0  y ,  68% C . L. 
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Fig I :  Level scheme of the 78Se .78Br _78Kr triplet. 

Fig 2: Experimental set-up. 
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Fig 3 :  Coincidence spectrum between the I C  signal and two 5 1  I keV gammas i n  the 

scintillators (within an energy window of 2.35cr) registered in 4434.5 hours. 


