
EXPERIMENTAL STUDY OF OPPOSITE S IGN AND SAME SIGN DIMUON EVENTS 
PRODUCED IN WIDE BAND NEUTRINO AND ANTINEUTRINO BEAMS 

Abstract 

A. BARONCELLI 

I stituto Superiore di S anita 

Sezione I N F N 

Rome - Italy 

This contribution reports on a study of 495 + 32 (290 � 29) 

prompt opposite s ign dimuons observed at the CERN SPS in a wide 

band neutrino ( antineutrino ) exposure of the CHARM counter de­

tector . The momentum cut applied to both muons is P > 4 GeV/c . 
µ 

The features of the prompt opposite sign s ignal are re-

presented by charmed D meson production and its semileptonic 

decay . 
- - + + 

In the same experiment 7 5  � 1 7  (52 � 1 4 ) µ µ ( µ  µ ) prompt 

dimuon events with a momentum cut of 4 GeV/c on both muons were 

collected . The relative ratios µ µ I µ 
+ 

µ 

found to b e :  . 1 4  � . 04 and . 1 9  � . 0 6  respectively . 

were 
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Opposite s ign and same sign dimuon events were collected 

with the CHARM counter detector exposed to the WBB v , v  beams . 

A detailed description of the experimental set-up is given in 

Ref .  1 2 .  The detector consists of a segmented ionization calo­

rimeter having a cross section of  300 x 300 cm2 , surrounded by 

a magnetized iron frame and followed by a muon spectrometer .  

The calorimeter i s  a sandwich o f  marble pl�tes , 8 cm thick , of 

plastic scintillators , 3 cm thick 1 5  cm wide 300 cm long , and 

of proportional drift tubes , 3 cm thick 3 cm w.ide and 400 cm 

long . Each marble plate is surrounded by a magnetic iron frame , 

45 cm wide and 8 cm thick and the target calorimeter is follow­

ed by 4 toroidal iron magnets used to momentum analyse the 

forward going muons . 

The fine granularity of the calorimeter allows an effi­

cient pattern recognition of charged tracks of momenta as low 

as 1 GeV/c ( in about 90% of dimuon events both tracks are ful­

ly reconstructed ) ,  a good reconstruction of track direction 

( about 3 mrad HWHM above 4 GeV) and an accurate determination 

of the vertex of the hadronic shower ( few cm above 20 GeV) . 

Out of 2 7 1 000 ( 1 8 1 000 ) events in v ( v ) wide band beams , µ µ 
a sample of opposite sign dimuons candidates was found satisfy-

ing the following criteria : 

1 - The vertex of the shower was required to be in a fiducial 

volume having a cross section of 2 40 x 240 cm
2 

and from 

plane 3 to plane 55 of the calorimeter . (This means about 

80 tons of target materia l ) . 

2 - Two tracks were found by automatic pattern recognition . 

3 - Out of the two tracks one (defined as the leading muon) was 

required to be fitted in the magnetic system with the sign 
+ 

expected from the nature of the beam ( µ for v 11 , µ for v 11 

and with momentum p
11 1

> 4 GeV/ c .  The v11 events contamina-

tion in the v11 beam is estimated from 1 µ events to be 



about 9 %  in this sample .  The vµ events contamination in 

the vµ beam is more important but was reduced by the re­

j ec tion of all those events in which the second muon had 

more than twice the energy of the leading muon ; the expec­

ted contamination after this cut is of the order of 4 % . 

4 - A minimum momentum of 4 GeV/c was required for the non 

leading track . I f  the non leading 
µ 

was not f itted in the 

magnetic system its charge was assumed to be opposite to 

that of the leading muon , the fraction of unidentified 

prompt same sign events being about 5 %  - 1 0% .  

An eye scan of the selected candidates was made in order 

to reject random superposition of two different events occur­

ring in the time gate of the trigger (doubl e  events ) as wel l  

a s  those events i n  which one of the tracks showed a shower at 

the end of its range (punch through hadrons ) . Also the conta­

mination of trimuon events with a momentum of the third muon 

above 1 GeV/c was rej ected during the scan .  

The number o f  events after this selection i s  7 4 9  ( 4 6 7 )  

per v µ  ( v µ ) expositions . 

The correction applied to take into account the efficien­

cy of the pattern recognition is a function of the hadronic 

energy and of the momentum of the second muon . It is  tipically 

of the order of 9 5 % .  After this correction the number of events 

becomes 7 9 8  for and 4 9 1 for v and v • 

The main beackground to the prompt dimuons signal is due 

to charged current events with a non prompt muon originating 

from a pion or kaon decay in flight . 

This background has been evaluated in previous experi­

ments using Monte Carlo calculations or us ing different target 

densities . 

In the present experiment the proj ected distances dx , dy 

on two �r thogonal axis between the two muons in a plane perpen-
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dicular to the beam direction containing the hadronic vertex , 

was used to separate the prompt from non prompt events . The non 

prompt events are expected to be more widely distributed in this 

variable because of the development of the shower . 

The distribution of the proj ected distances of prompt 

events was obtained by substituting in real dimuon events the 

2 found muons with two Monte Car lo generated muons emerging 

from the hadronic vertex and reprocessing these pseudo-events 

through the analysis program . This procedure also gives the pro­

babil. i ty of find.ing bo th muons by automatic pattern recognition . 

Furthermore we obtain the distribution of the proj ected 

distances dx , dy for the hadroni c tracks of the shower from a 

sample of 8 9 1  identified punch through particles . The distribu-

tion in the same variable for muons from pion and kaon decay 

was obtained from the latter after applying corrections for the 

decay probability . Fig . 1 shows the distribution of the projec-

ted distance of the dimuon sample .  The continuous line comes 

from a Chi-square fit of thi s  distribution described as a sum 

of the obtained prompt and non prompt ( dashed line) distribu­

tions and in which the free parameter is the f raction a of 

prompt event over the total . 

The fit gives for the v case µ 
for p 

µ 2  
> 4 GeV/c . 

\1 ) a 
µ 

. 6 2 � . 04 ( . 5 9� . 06 )  

To obtain the dis tribution o f  the prompt signal i n  any va­

riable (E , x ,  y ,  z ,  etc . )  the shape of the background measured 

at large distances (where the prompt signal is negl igible ) was 

subtracted after normal ization to the number of background 

events obtained by the fit .  

In Fig . 2a , 2b we give the relative rate of prompt 2 µ to 

1 p events for the v and v beam respectively as a function 
µ µ 

of visible total ene rgy . 

The sol id lir.e is from a Monte Carlo s imulation in which 

the efficiencies of the various cuts applied and the resolutions 



are taken into account ; the threshold effec t ,  due to the fact 

that a heavy quark is  produced in the final state , are taken 

into account by using a redefined value of x ( " s low rescaling" 

variable x ' ) .  

x ' =  x 

2 
M 

c +---
( s · y )  

where M 
c 

1 . 5 GeV 

The x distribution of tb-" valence quarks was parametrized as 

f (x )  x • ( 1  - x )
3

"
5 

The shape of the sea distribution was parametrized as 

f (x )  = (1  - x )
B 

and the Monte Carlo predictions for different values of B were 

compared with experimental data . From this comparison we obtain 

B 7 . o  � 1 . o  ( stat) 

were the statistical error corresponds to a variation of 1 in 

the Chi- square value . 

Fig . 3 shows the x and y distribution of dimuon events 

for v and v 
jJ jJ 

interactions respectively for the cut p
JJ2

>4 GeV/c . 

These distributions are in good agreement with the predictions 

of the Monte Carlo program ( solid l ine) . 

In the same experiment 1 67 µ µ and 1 0 3  µ+ µ+ 
events in v jJ 

and v
µ

beams respectively were also collected . 

After correction for the find ing efficiency the number of  

events is  1 7 6 and 1 07 for  v and 
jJ 

v
JJ 

respectively . 

The selection criteria were the same as for opposite s ign 

dimuons except that the second muon was also required to be 

fitted in the magnetic system with a momentum cut of 4 GeV/c 

(due to the magnetic fit efficiency the effec tive momentum cut 
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is  about 4 . 5 GeV/c ) .  

The major  problem in the interpretation of these events 

comes from the fact that the expected non prompt background is 

as large as the signal itself . 

We performed the prompt/non-prompt separation on the same­

sign samples using the same procedure as for the opposite sign 

case .  The fractions of prompt signal which correspond to a mi­

nimum in the Chi-square are : a =  . 4 3  ! . 1 0 ( stat) for µ µ 

and a =  . 4 9  + . 1 2  ( stat) for µ
+ 

µ
+

, corresponding to a prompt 
+ + 

signal of 7 5  ! 1 7  µ µ and 5 2  + 1 4  µ µ events . The corre-

sponding prompt opposite sign dimuons selected with the same 

criteria are 424  + 3 3  + 
µ µ and 2 2 3  ! 2 5  

T o  obtain the ratios 

R v 
µ 

+ 
µ µ 

+ + _l!___L_ 
+ 

µ µ 

from these measured numbers we have still to apply a correction 

factor n = . 80 + . 1 5  due to the different fitting efficiency 

in the magnetic system for muons of opposite charge and to sub­

tract the contribution of the punch through particles in the 

opposite sign sample ( 5 %  ! 3 % ) . After these corrections we ob­

ta.in 

Rv . 1 4  ! .04  ( stat) 
µ 

R . 1 8  + . 0 6  ( stat) 
v 

µ 

The sys tematic errors on these ratios are mainly due to 

the imperfect knowledge of the shape of prompt and non prompt 

distribution of the indicator d and they have been estimated to 

be + . 03 in both case s .  

This rate is largei: by a factor o f  about 1 0  than expected 

for associated charm productio n .  



In conclusio n  we have s tudied 7 4 9  ( 4 6 7 )  opposite s ign 

dimuon events with p
µ 2 

> 4 GeV/c produced by v
µ

( v
µ

) and found 

their properties in agreement with s ingle c production accord­

i ng to the expectations of the GIM mechani sm .  

The existence o f  like sign dimuon pairs i s  establi shed at 

the level of 4 . 5 o in the neutrino case and 4 . 0o in the anti-

neutrino one . 
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Fig . l  - Shows the distr ibution of the proj ected d istance of the 
neutrino dimuon sample . The continuous l ine comes from 
a chi square f it of thi s distr ibution descr ibed as a 
sum of a prompt and non prompt distr ibutions . The dotted 
line shows the shape of the background normalized to the 
number of events predicted by the f it .  
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F ig . 2a- Show the relative ratio of d imuon events to l µ  events 
2b as a function of the total visible energy for the neutr i­

no and anti-neutrino samples respectively . The sol id 
l ines are Monte Carlo pred ictions . 
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F ig . 3a- S how the d istr ibution of the x and y variables for the 
3b neutrino and anti-neutrino case respectively . Sol id 

lines are Monte Carlo pred iction s . The contamination of 
anti-neutrino ( neutr ino) event s  in the two samples i s  
also indicated . 
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