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ABSTRACT 

A s earch for heavy neutrinos was conducted in the 400 GeV proton beam dump 

neutrino beam and in the 400 Ge.V wide band neutrino beam at CERN . Neutrinos 

decay ing into two e l e c t rons and a l ight neutrino were s e a rched for . Upper l imits 

on  the mixing ang l e  a r e  derived for neutrino mas s e s  in the range 1 0 - 140 MeV . 
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I n  the convent ional theory o f  weak interactions neutrinos are assumed t o  be 
mass l es s , but experiment a l l y  a finite neutrino mass cannot be excluded . The 
present l imit on the 1 neutrino mass is 250 MeV . Assuming production of T 
neutrinos by leptonic decays of the F -meson and by the subs equent T decay, the 
neutrino beam produced by high energy protons interact ing in a Cu beam dump would 
contain a large fract ion of such heavy neutrinos . 

I f  neutrinos are mas s ive the i r  weak eigenstates are l inear combinations of the 
mass eigenstat es : 

( l=e , µ , 1 ,  . .  , i= l , 2 , 3 , . .  ) ( 1 )  

Neutrino beams can therefore contain a fraction o f  heavy neutrinos produced in 1T 
and K decay [ 1 ] , [ 2 ] . Neutrinos with a mass l arger than a few MeV can decay into a 
l ight neutrino and two e lectrons . For neutrinos with a mass larger than 1 1 0  MeV 
other decay channe l s  are opened (v

i 
eµv ,  v i 

eTI , et c . ) [ 1 ] . The decay 

probab i l ity for heavy neutrinos is proportional to the square o f  the mixing ang les 
defined in ( 1 ) . A search was made for neutrinos decaying into a pair o f  
e lectrons : 

+ -v -+- e e v 
i e 

( 2 )  

In the beam dump exper iment decays o f  heavy neutrinos were searched for i n  an 
empty decay region of 35 m length and 3 x 3 m2 cross sect ion para l l e l  to the CDHS 
[ 3 ]  and the CHARM [ 4 ]  neutrino detectors . A search for heavy neutrinos produced 
in TI and K decays was performed in the horn focussed wide band neutrino beam by 
making use of the fine -grain CHARM calorimeter [ 5 ] . 
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Fig . 1 Layout of the decay beam dump experiment . SCl and SC2 are s c int i l l ator 
p l anes . SCl is used as veto counter . Pl to PS are packs o f  4 p l anes of 
proportional drift tubes each . 
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The layout o f  the beam dump experiment i s  s hown in F i g .  1 .  A s c int i l lat ion 
counter p l ane o f  6 x 4 . 8  m2 active area (SC l )  defines the beginning of the decay 
volume . The decay region is para l l e l  to the neutrino beam l ine at a mean distance 
of 5 m, corresponding to an angl e  with respect to the incident proton beam o f  10 
mrad . One modul e  o f  the CHARM calorimeter was d isp laced to the end of the decay 
region . It has an active area o f  3 x 3 m2 and is used to measure the energy of 
e l ect romagnet i c  cascades with a reso lution of bE/E < 0 . 3 0 for shower energies E > 
5 GeV . The decay volume is subdivided into three regions us ing two packs of 
proportional tubes ( P l  and P2 ) [ 5 ] .  Each pack consists of four p l anes o f  
proport ional d r i ft tubes , covering a surface o f  4 x 4 m 2  , preceded b y  a l e ad 
plate of 1 / 2  radiation length thicknes s .  In order to improve the angu l ar 
resolution of the shower and to better reconstruct the decay point , a low dens ity 
detector was added in front of the CHARM calorimeter modu l e . This compr ised three 
packs o f  proportional tubes (P3 , P4 and PS ) preceded by a p lane of scint i l l at ion 
counters (SC2 ) . The est imated angul ar resolution for an e l ectromagnetic shower is 
a few mrad . 

The detector was exposed to a neutrino f lux produced by 1 . 7  x 1 0 1 8  protons on a 
s o l i d  copper target and 0 .  7 x 1 0 1 8  protons on a laminated copper target with an 
effective density of 1 / 3  of s o l id copper . In the combined exposures , 2 1 000 
events were col lected s at i s fying the t r igger requirements :  no h it s  in the 
s c int i l lator p l ane SCl and a h it in at least 4 s c in t i l lator p lanes of the 
calorimeter module . These events include : cosmic ray events (a track not pointing 
to the scint i l lator p l ane SC l ) ,  paras itic events (tracks from neutrino 
interact ions in the CDHS and CHARM detectors or in the f loor) , beam associated 
muons and neutrino interact ions . The events recognized as neutrino interact ions 
having the shower vertex after the s c int i l lator p l ane SC2 were used to check the 
performance of the detector . We observe 340 ± 45 neutrino interactions . Based on 
the number of neutrino interactions found in the CHARM calorimeter 440 ± 50 
neutrino interactions were expected . 

The decay candidates were required to have at least one hit in the s c int i l l ator 
p l ane SC2 and a shower energy larger than 3 GeV . The s amp l e  was s canned to search 
for candidates which are cons istent with having two e l ectrons . The scanning 
criteria were : a )  in the case o f  s ingle hit in the s c int i l lator p lane SC2 the 
pulse height was required to be larger than that corresponding to the energy 
re leased by the pas s age o f  1 .  5 minimum ionizing part i c l e s , b) not more than 2 
tracks in the proport iona l - tube packs P3 , P4 and PS or in the calorimeter module 
and c) shower angle and energy compat ible with the decay o f  a heavy neutrino w i th 
mass b e l ow 140 MeV . No event s at i s fies these criteria . 

Assuming that the v1 coup les mainly to a s ingle mas s eigenstat e ,  an upper l imit 

can be s e t  on the mix ing angle U
e i

' The expected number o f  neutrino decay events 

in the decay region was computed according to the expres s ion : 

( 3 )  

N
F 

is the number of F mesons produced b y  protons i n  t h e  dump . It was computed 

from the number of prompt charged current muon neutrino events observed in the 
CHARM calorimeter [ 7 ] . During the exposure 1830 ± 250 prompt neutrino events with 
a muon in the f inal stat e  were co l l ecte d .  These events are produced essent i a l ly 
by muon neutrinos coming from the s em i l eptonic decay of D mesons (BR = 0 .  1 ) . A 
ratio o (pCu � FFX ) / o (pCu � DDX) = 0 . 2  was assumed . P [ F  � vt t ]  is the probab i l ity 
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o f  the F meson t o  decay into a heavy neutr ino ( B R = 0 . 0 3 ) . The factor A gives the 

fract ion o f  neutrinos that cross the decay region . The production of F mesons was 

s imulated by a Monte C a r l o  program assuming a d i s t r ibution for the Feynman 

variab l e  x corresponding to ( 1 - x ) 4 and a t rans v e r s e  momentum d i s t r ibution 

proportional to exp ( - 2 P  
t

) .  The f l ux o f  T neutrinos computed us ing this model 

agrees with the l imit  put in an ear l ier beam dump experiment [ 6 ]  on the number o f  

+ -
events induced by v

1
. P [ v � e e v

e J  
is the probab i l ity for the heavy neutrinos to 

decay in the f i du cial decay region , s c a l e d  from the decay mat r ix e l ement of muon 

decay . The l im i t  at 9 0�6 con f i dence l eve l on the square o f  the mix ing angle in the 

neutrino mass range 1 0 - 140 GeV is shown in Fig . 2 as a function of the neutr ino 

mas s ,  together w i t h  previous r e s u l t s  on ( U
e i

) 2 [ 8 ] , [ 9 ] , 1 0 ] .  

F i g .  2 Limits at 9 0% c . l .  on ( U  , ) 2 as 
e i  

a function o f  t h e  neutrino mass : 

a) l imits obtained in the proton 

beam dump experiment ; b) l im i t s  

obtained i n  t h e  wide band 

neutrino beam experiment ; c )  

l imits from s o l ar neutrino 

measurements [ S J ; d) l imits from 

the measurement o f  the branch ing 

rat io TI � v e [ 9 ] ; e) l im i t s  

obtained from t h e  s e arch for 

rnonoene rget ic peaks in the 

reg ion b e l ow the value p r e d i c t ed 

for zero mass neutrino in TI -+ v 
e decay [ 9 ] ;  f )  l im i t s  from the 

measurement o f  the branching 

ratio K � v
e

e 1 0 ] . 
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In the c a s e  of the wide- band neutrino beam exper iment , no as sumption was made 

on the nature o f  the heavy neutrino . The s e arch for "two e l ectron events " was 

performed in a samp l e  o f  1 . 3  x 106 neutrino and 1 . 4  x 106 antineutrino 

interact ions c o l lected in the CHARM ca l o r imeter [ 5 ] . The neutrinos and 

antineutrinos were produced by 1 .  4 x 10 1 8  and 5 .  7 x 1 0  1 8  protons on target 

respect ive ly . 
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Candidate events were se lected from those muon less events appearing a s  showers 
of narrow widt h ,  characteristic of showers initiated by e l ectrons and photons in 
the CHARM calorimeter [ 1 1 ] . The s e l ected events were required to have a shower 
energy E deposited in the calor imeter between 7 .  5 GeV and 5 0  GeV and a value of 
the variab l e  E 2 8 2  be low 0 . 54 GeV2 (8 is the ang l e  between the shower axis and the 
direct ion of the incoming neutrino ) .  
were s e l ected . 

3 3 1  neutrino and 769 antineutrino events 

The events surviving the s e l ect ion criteria are due to the fo l l owing known 
sources : 

a )  e l as t i c  and quas i - e l as t ic charged current events induced b y  the 
e l ectron-ne�trino contamination of the beam ; 

b )  events induced by the scatter ing o f  neutrinos on e l ect rons ; 
c )  neut r a l -current events with a 0 or a n °  i n  the final state produced 

by coherent scatter ing of muon neutrinos on nuc l e i ; 
+ -

d )  decay of heavy neutrinos into e e v .  

The d i f ferent distr ibutions in the four types of reactions in E 2 8 2 , [ a ) and c )  
are f l at } , and i n  the energy depos ited i n  t h e  first scint i l lator after the vertex , 
[ a ) and b) start with one charged part i c l e ] , can be used to disentang l e  the samp l e  
of events . 

We find that the number of events attr ibuted to heavy neutrino decay is 
compat ible with zero ( 1±41 events in the case of a muon partner and 1±49 events in 
the case of an e l ect ron partne r ) . 

From this result a l imit on the product of the mixing angles def ined in ( 1 )  can 
be obt aine d .  The exp<fcted number of neutrino decay events in the CHARM apparatus 
is computed according to the equat ion : 

N
TI 

and N
K 

are the numbers of TI and K decays . P [ n ( K )  � v
i+ · · l is the probab i l ity 

for n ( K )  to decay into a heavy neutr ino . It is proportional to the square of U
ei 

or to the square o f  U
µ i 

depending on whether the heavy neutrino is produced with 

an e l ectron o r  a muon . This probab i l ity is obtained from the probab i l ity for TI or 
K to decay into a zero mass neutr ino t imes a factor p depending on the neutrino 
mass m .  I n  the case o f  two body decay p takes care o f  the fact that for finite 
neutrino mass there is less suppress ion due to hel icity conservation than in the 
case o f  a zero mass neutrino [ l ] . The geomet r ical factors A

TI 
and A

K 
give the 

fraction o f  the heavy neutrinos from TI and K decay cross ing the CHARM detector . 
+ -

P [ v
i 

� e e v
e ]  

is the probab i l ity for the heavy neutrinos to decay in the fiducial 

volume of the detector . The decay l ength is 12 m .  The global effic iency of the 
cuts appl i ed in the ana lysis ( t )  includes the e f f i c iency to s e l ect e l ect romagnetic 
showers induced by two e l ectrons and the e f f ic iency of the shower energy cuts . 
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The l imits at 90% c .  l .  on (U
e i

) 2  and on (U
e i

U
µ i

) in the neutrino mass range 

1 0 - 140 MeV are shown in Figs . 2 and 3 .  The l imits on (U . U . ) cannot be direct l y  
e i  µi 

compared with publ ished l imits because they refer on ly to (U . ) 2  and (U . ) 2 [ 8 ] , 
e 1  µ 1  

[ 9 ] , 1 0 ] , [ 1 1 ] , [ 1 2 ] , [ 1 3 ] . 

Fig . 3 Limits at 90% c . l .  on (U . U . )  
e 1  µ i  

a s  a function of t h e  neutrino 
mass from the WBB exper iment . 
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In conclusion ,  there is no evidence for the decay into two electrons of heavy 
neutrinos with masses in the range 1 0 - 140 MeV . 
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