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SUMMARY 
We report resul ts from a beam dump experiment performed at 

the CERN SPS facility . An excess of electron- and muon-neutrinos has 
been observed . This new source of prompt neutrinos gives 2 1 0-7 v e 
or Ve per incident proton with Ev > 20 GeV and neutrino angl e smaller 
than 1 . 8 5  mrad. A possible explanation would be the pair production 
of charmed meson Dli with an inclusive cross section of the order of 
40 µ b .  

RESUME 
Dans une experience de Beam Dump util isant un des faisceaux 

du SPS au CERN , nous avons observe un exces de neutrinos-electron 
et de neutrinos-muon . La nouvelle  source de neutrinos ainsi mise en 
evidence donne 2 1 0-7 V e par proton incident pour une energie de 
neutrino superieure a 20 GeV et un angle de production inferieur a 
1 18 5 mill iradians . L ' expl ication l a  plus probabl e est l a  production 
en paire de mesons charmes DD avec une section efficace inclusive 
de l ' ordre de 40 microbarns . 
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1 <  INTRODUCT ION 

The Beam Dump exper iment 1 • 2 • 3 ) at the CERN SPS Neut rino fac i l ity 

was performed to s ea rch for long - l ived neut ral part i c l e s  prompt l y  

produced at  t h e  target . 

New types o f  penet rat ing par t i c l e s  could be produced e i ther directly 

in t he pr imary interact ion in the target or in the decay o f  short­

l ived part j c l e s . 

Such proces s es had been sugges t e d  recen t l y  by several experimen t s  

i )  Part of t he dimuon and t r imuon event s detected in h i g h  energy 

neut rino exp e r iments 4) might be explained as due to the interaction 

o f  new neut r ino s , coup l ed t o  new heavy l eptons . 

i i )  The exis tence o f  t he T l epton S )  impl ies the exis tence o f  a T 

neut rino . A large product i on o f  v T in the Dump woul d  g ive an abnor­

mal rat i o  o f  muonl e s s  to  charged current event s .  

Axion product ion 6) might a l s o  be detected in such an exper iment . 

To be sens i t ive to such a sma l l  source of prompt neut r inos , one has 

to suppress the conven t i onal beam component of vµ induced by � and 

K decay . 

This was obta ined by us ing a l arge c opper target where the secondary 

pions and kaons were abs orbed so that the v fluxes were reduc ed by 

� 3 0 0 0  ?) . 
The CDHS detector 8 ) recorded events provided the energy depo s i t i on 

was l arger than � 7 GeV . 

Even t s  were reta ined i f  t hey occured in a fi duc ial vo lume ( 9 . 3  m of 

iron , 1 . 6 m 0) corresponding to a target mas s o f � 5 8 0 tons . In the 

final samp l e  a cut in v i s i b l e  energy was appl ied ab ove 20 GeV . In 

these condi t i ons and after double  scan for event select ion , we obtain 

the f ina l event numb ers summar i z ed in Tab l e  I .  

2 .  MULTIMUON EVENTS 

We obs erved 6 dimuon events in the fiduc i a l  volume . The rate of 

dimuons relat ive to charged current interactions above 30 GeV i s  
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Tab l e  I 

Summary o f  event numbers 

Number of protons 
E > 2 0  GeV 

Sing l e  muon events 

Dimuon events * 
Tr imuon events 
Muonless  events * *  

* Evis > 3 0  GeV 

µ 
+ µ 

8 5 0  
1 8 7  

6 
0 

3 7 2  

* *  F iduc ial cuts and s e l ection criteria are 
different from s ing l e  muon analys is . 

The quoted numbers di ffer from those of a previous publ icat ion 1 5 ) 

because of some data overlooked in a first scan . 

Table I I  

Summary o f  muonless  event numbers 

Obs erved muonless events 

Expected NC events from 
"µ (4 3 5  * 0 . 3) 

Expected muonless events 
from known "e in the beam 

New source 

3 7 2  + 3 0 

1 3 0  + 1 0  

4 5 + 1 5 

1 9 7 + 3 5  
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Figure 1 a) Pµ- versus Pµ+ p l o t  of the dimuon events . 

a )  
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Figure 2 
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b) Transverse momentum of the non-leading muon relative 
to the shower axis .  The dashed l ine is the dis tribu­
tion observed in the narrow Band Beam data4J , 

b)  
v E >20 Gev v 

v E11>2 0 Gev 
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• 
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Yscaling 

Y dis tribution of the neutrino ( a ) and an tineutrino ( b )  
s ingle muon events .  The do ts show the p rediction o f  a 
Monte-Carlo simulation including 1 6  % antiquark s .  



N (µ + 
µ - ) = ( 0 7 + 0 3 )  • N(µ) . - . • 

This ratio is not in disagreement with t he measured rate in the 

Narrow Band Beam Data 9) . The kinematical distr ibutions of the 

dimuon events are shown in Fig . 1 .  

We do not observe any t r imuon event . I n  orde r  to g ive upper l im i t s  

on mult imuon product ion b y  n e w  neutr i no s , w e  compare t h e  r a t e  of 

mul t imuons in t he Beam Dump and in t he Wide Band Beam running . 

I n  the same detector , using the s ame tr igger and the s ame energy of 

the pr imary protons ( 4 0 0  GeV) , we have r ecorded 

� 1 5 0 0  dimuons and 1 2  t r imuons 

corresponding to 2 . 1 0 1 7  protons on the target 1 0) 

We can conclude that , in the Wide Band Beam samp l e ,  l e s s  than 0 . 3  % 

of t he dimuons and less  t han 1 0  % of the t r imuons ( 9 0  % CL) are due 

to prompt neutr ino s . 

3 .  S I NGLE MUON EVENTS 

A total number of 8 5 0  µ
-

charged current and 1 8 7 µ
+ 

charged current 

interact i ons w; th Pµ > 5 GeV/ c has been s e l ected . The x and y 

scal ing d i s t r ibut ions are compat ible  with those observed in other 

neutr ino b e ams (Figure 2) . 
The energy spectrum o f  the s ing l e  muon events is drawn in Figure 3 .  

The expected neutr ino and ant ineutrino fluxes due t o  the remaining 

background of w and K decay
+) are also  shown . Abso lute flux is dif­

ficult to comput e .  However , we think that the relative flux of ant i ­

neutr inos to neutrinos i s  e s t imated w i t h  a reasonab l e  accuracy . The 

expected ratio ( 0 . 1 4  � 0 . 0 1 5 ) is not compat ible  with the measured 

ratio ( 0 . 2 2  � 0 . 0 2 ) . This s hows an exce s s  of antineutr ino interac­

t i ons whi c h  has t o  b e  a t t r ibuted to prompt antineut r ino s . In the 

fo l lowing we wil l see that there i s  a reason to b e l ieve that this 

new s ourc e gives as  many neutrinos as  ant ineut r ino s . If this is 

as sumed and if we use the experimental cross sect ion ratio 
1 1 ) 

cr·;:/ crv = 0 . 4 8 ,  we find of prompt s ignal of 2 1 0 � 8 6 vPl and 9 1  + 4 0 vµ 

+) We w i s h  to thank Dr . H .  Wachsmuth for making these calculat ions 

ava i la b l e  to us . 
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Figure 3 

280 320 

Total visible energy spectra'•for single ?,- (upper his togram) and single }<+ events ( shaded his togram) compared to the expec­
tations from n- and K-decay neutrinos 
normalized to the to tal number of nega­
tive muons . 
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Figure 4 

L ongitudinal shower development in the 
iron calorimeter for excess muonless 
events compare to the shape of hadronic 
showers ( dashed curve ) as measured by 
single muon events . 



4 .  MUONLESS EVENTS 

Muon l e s s  events have been analysed us ing t he s t andard technique 

al ready used in our detector 
1 2 )  : without any requirement on muon 

reconstruct ion , a l l  events with s hower energy larger than 20 G eV are 

classified  according to their penet rat i on l ength in iron . The fidu­

cial  volume is  "' 70 % of the one used in t he s ingl e  muon analys i s . 

We find 3 7 2  + 3 0  muonl e s s  events and 4 3 5  + 2 7  muon events g iv ing a 

ratio 

R 
muonl e s s  
>, 1 muon 

0 . 8 6  + 0 . 08 

This ratio  has to be corrected for the interact ion o f  velv
e in the 

beam due to Ke 3 and hyperon decays . However this correct ion cannot 

account for the di fference with respect to t he ratio R = 0 . 3 0 + 0 . 0 1  

me asured in vµ beam 1 2) . 

The known contribut ions to t he s ignal are summari zed in Tab l e  I I .  

I t  can be seen that there remain 1 9 7 + 3 5  muon less  events which are 

not vµ or vµ neut ral current event s .  These event s  could be inter­

preted as 

i )  ve int eract i ons due to a prompt s ource : 

In our detector el ectrons induce e l ectromagnet i c  showers whi ch are 

seen a s  muonl ess  event s ,  

i i )  v, interact ions : 

Charged current interact ions o f  v, produce T l eptons whi ch decay 

with emi s s ion of e i ther hadrons , electrons or muons : 5 ) 

v + 
T N + T + x 

+ hadrons 

+ e + Ve 
+ µ + v µ  

+ v , 
+ VT 
+ VT 

'V 6 0  

'V 2 0  

'V 2 0  

% 

% 

% 

8 0  % muonless 
events 

i i i )  If axions 
1 3 )  ex i s t , with properties s im i l ar t o  those of � 0 ' s ,  

their interac t i on in iron would produce hadrons much as neut ral 

current events of neutr inos . 

I t  is imp o rtant to note t hat in t he case i) a large fract ion of t he 

energy is transferred to the e l ectromagnetic  s hower . On the contrary 

in hypotheses i i )  and i i i) mo s t  of t he energy goes into the hadronic 

part . 
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Figure 5A 
Longitud{nal devel opment of hadronic 
showers induced by n-(a)  and electro­
magnetic showers induced by electrons 
(b)  at 1 5  and 30 GeV in the tes t 
calorimeter1 0) 

Figure 5B 
Comparison of the pul se height not 
due to hadronic showers with the 
shape of purely electromagnetic 
showers . 



In irdn , as the radiat ion l ength ( 1 . 7  cm) is substant ially sma l l e r  
than the interact ion l ength ( 1 8  cm) , the l ongitudinal shower deve­
l�pm�nt looks different for e l ec t romagnet ic and hadronic showers .  
We have compared the shower development o f  the excess events ( s o l i d  
curve i n  Figure 4) to that observed i n  v� charged current interac­
t ions (d.ashed curve) . The earl y  s hower deve l opment is c l early dif­
ferent : norma l i z ing the two p l o t s  for � hicknesses above 40 cm , we 
find that only 57 % o f  the v i s i b l e  energy can be attr ibuted to 
hadron s howers ( inc luding TI 0  component) . The remaining 43 % (dashed 
area) can be attr ibuted to e l ectromagnetic showers . The shape of 
this exce s s  is in agreement with the development observed for e l ec ­
tron induced showers measured with a t e s t  calorimeter 1 4 1 in an 

elec tron beam ( F i gure 5 ) . 

This l arge fract ion of e l ectromagnet ic energy i s  expec ted from ve 
(v e) interac t i ons and in d isagreement with the v� �nd axion �ypo­
thes e s . 

Us ing the ratio R = 0 . 3  and taking into account the cut 
E shower > 20 GeV , we concl�de �hat we observe a prompt s ignal of 
1 7 1  .!_ 3 1  charged current ( e , e ) events and 26 .!_ 5 neut ral current 
(ve , ve) event s .  

5 .  SUMMARY 

Adj ust ing the muon l e s s  samp l e  t o  the same f i duc ial volume as for 
the s ing l e  muon samp l e ,  we obtain : 

Nv e + N;:;e 
Nvµ + N;:;µ 

2 3 6  + 4 0  

3 0 1  + 1 2 6+)  

The magnitudes o f  t h e  two s ignal s  a r e  compat ibl e w i t h  equal fluxes 
of prompt muon and e l ectron neutrino s . If we assume further an equal 
number of prompt v e and ve in the beam ,  then taking into account the 
di fference in the cros s sect ion 

Nv e = 1 5 8  .!_ 27 , N'iie = 7 8  + 1 4  

The abso lute number o f  prompt v e within the angular acceptance o f  
t h e  detector ( 1 . 8 5 mrad) and with t h e  cut E shower > 20 GeV may be 
computed on the basis o f  this resul t , the neutr ino cros s - s ect ion 

+ ) This numb-er i s  obrained as suming equa l i ty of prompt vµ and vµ 
fluxes , s ee sect ion 3 .  
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and t he measured proton flux : 

Nv e/ incident proton = ( 1 . 9  � 0 . 4) 1 0
- 7  

The prompt flux may also  b e  c ompared t o  vµ flux from K decay . We 

attr ibute to Kµ z decay 3 6 7  � 3 9  events so t hat 

Nv e! Nv K = 1 5 8 / 3 6 7  = 0 . 4 3 + 0 . 09 

6 .  I NTERPRETATI ON 

The only known proces s ,  which might be t he o r 1 g 1n o f  this prompt 

neutr ino flux ,  is the product ion of charmed part i c l es . Approximately 

20 % of charmed mes ons decay sem i - l eptonically,  g iv ing equal fluxes 

of e l ectron and muon neut rino s , as  supported by t he data .  

I n  order t o  make cro s s - s e c t i on e s t imat es , we need addit ional as sump ­

t i ons on p roduct ion mechanisms as our detector covers only a smal l  

fract ion o f  the phase space i n  the forward direc t i on .  

We have used a s imp l e  model for DD pair product i on 

- invariant cros s section 1 6) 

d z cr z 
� ( 1  - xF) 3 e

-apT 
dxF dp� 

where xF i s  t he Feynman var iable and <pT > 

- equal branching ratio 

BR (D  + Kµv)  BR (D  + K*µv)  1 0 I 
BR (D + Kev) BR (D + K'�ev) 1 0 ' 

0 . 7  GeV/ c 

The computed energy spectrum o f  the neut rinos is in agreement with 

the v i s i b l e  energy d i s t r ibut ion of the exc e s s  muon l e s s  events 

(F igure 6 ) . 

Then , us ing t he obs erved rat i o  o f  vµ from K decay t o  prompt Ve 
event s ,  we can g ive an e s t imate of t he inclus ive cross  sect i on for 

pp + DD relative t o  kaon product i on at 4 0 0  GeV : 

Nv e E (vµK) 
cr (pp + DD) = * * cr (pp + K) whe re E i s  t he accep tance 

NvK 
d veD) of the detector 

3 . 1 0
- 3 * cr (pp + K) 

Us ing cr (pp + K) = 1 3  mb we find that the c harm product ion cross sec­

t ion is  o f  the order of 40  µb per nuc l eon . I f  we  as sume different 

produc t i on mechan i sms , this number may easily change by a factor two . 
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One should no te t hat cr (pp + ·K) infers a A 2 1 3  dependence fo r the 

cros s - s e c t i o n .  

F inal l y ,  t h e  d a t a  c a n  be u s e d  to set  upper l imits  on axion produc­

t i o n .  From geome t r i c  acceptance of our detector for TI0 , we obtain 

cr (pN + a0)  * cr (a 0 N  + X) < 1 0 - 6 7  cm4 (90 % CL) . 

The product ion rate o f  axions r e l a t ive to TI0 wou ld be 

( 9 0  % CL) . 
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