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ABSTRACT 

A description of the method of analysis  i s  given and preliminary results are 
presented on the measurement of the rat io of neutrino-electron to antineutrino­
electron cross-sections using a fine-grain calorimeter . 
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1 .  INTRODUCTION 

The main goal of pursuing the study of neutrino and antineutrino scattering 

on electrons is to determine the coupling constants of the leptpnic weak neutral 

current and to compare them with the predictions of the gauge model , thus avoiding 

the uncertainties inherent in the use of hadronic targets . 

In this paper we discuss :  i) the performance of the CHARM apparatus in de­

tecting (v)µe events ; i i )  the measurement of the antineutrino-electron cross­

section; iii)  pre l iminary results on the measurement of the ratio of neutrino to 

antineutrino cross-sections . 

2 .  PERFORMANCE OF THE CHARM APPARATUS 

The detector1 l is a fine-grain marb le calorimeter followed by a �uon spectro­

meter . The target calorimeter consists of 78 subunits . A subunit comprises a 

marble plate of 3 x 3 m2 surface area and 8 cm thickness followed by two planes 

of sens itive elements : i) 128 proportional drift tubes , each tube having dimen­

sions of 3 x 3 x 400 cm3 ,  and ii)  20 plastic scinti llators of dimensions 15 x 3 x 

x 300 cm3 oriented at 90° with respect to the tubes . A subunit is one radiation 

length thick. The calorimeter measures the angle and the energy of the neutrino­

induced showers .  I t  i s  surrounded b y  a magnetized iron frame aimed a t  detecting 

low-energy muons and at improving the shower containment. The target calorimeter 

is followed by four toroidaL iron magnets , each containing 75 cm of iron to detect 

muons produced in char�ed-current events . A partial schematic view of the ap­

paratus is shown in F i g .  1 .  

Fi g .  l Partial view of the fine-grain calorimeter and the muon spectrometer . 



At present accelerator energies , the neutrino scattering processes are 

characterized by a cross-section proportional to the total energy and hence to 
the target mass .  The cross-section for neutrino-electron scattering i s  expected 
to be four orders of magnitude smaller than the neutrino-nucleon cross-section. 
The first two experimental requirements for detecting vµe events are therefore: 
i) large target mass to collect enough statistics (in this experiment the fi-

ducial mass is 80 tons) ; ii) good separation of electromagnetic events from 
hadronic events .  In the CHARM calorimeter this separation i s  baserl essentially 
on the different widths of electromagnetic and hadronic showers . Figure 2 shows 

the distributions of the width of 20 GeV electron and pion-induced showers as 
measured by a) the scintillators and b) the proportional tubes ; r is the width 

of a Cauchy distribution fitting the transversal profile of the central part of 
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the shower , as measured by the scintillators ;  a is the r .m. s .  width of the shower 

profile measured in a larger fiducial area by the proportional tubes . To select 

electron-induced showers we require : r < 1 . 6  cm and a < 9 cm. The efficiency of 
this selection for electron-induced showers is (85 ± 5%) , whilst the rej ection of 

pion-induced showers is larger than 99% 2 l .  A further distinction between elect­
rons and pions is based on the difference between the development of the showers 

close to the vertex. We require i) a single hit in the first tube plane following 

the vertex, and ii)  an energy deposition in the first scintillator plane of the 
shower (Efirst) in the range 3-50 MeV , i . e .  larger than 1 and smaller than � 8 mini­

mum ionizing particles (m. i . p . ) .  For electrons , the efficiency of these cuts com­

bined with those on the shower width was measured to be (61  ± 9 ) %  2 )  
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F i g .  2 Distributions of the width of 
20 GeV electron and pion showers;  
a)  as measured by the scintillators , 
and b) as measured by the proportional 
tubes . The width parameters f and a 
are discussed in the text . 
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The detector was exposed to the horn-focused wide-band neutrino and anti­

neutrino beams of the CERN 400 GeV Super Proton Synchrotron (SPS) . About 1 . 2  x 10 6 

neutrino and 1 . 5  x 106 antineutrino interactions have been collected in the fiducial 

volume of the calorimeter . The candidate events are searched for among those which 

i) are muonles s ,  i i )  satisfy the selec tion criteria previously described, i i i )  have 

an angle 8 with respect to the neutrino beam axis wh ich is smaller than 100 mrad, 

and iv) have an energy deposited in the calorimeter in the range 7 . 5  S E S  30 GeV. 

The good events are contaminated by a background due to two sources : a) elas tic 

and quasi-elastic charged-current events induced by the Ve and Ve contamination 

of the beam; b) s emileptonic neutral-current events with a dominant electromagnetic 

component in the hadronic shower. At high energies in neutrino-electron scattering, 

the electron recoils  at very small angles [< (2  mec2 /E) 1 � 7 mrad] with respect to 

the neutrino d irection. The two backgrounds (a) and (b) have a broader angular 

d is tribution. This  defines the third exper imental requirement which has to be 

satisfied to measure neutrino-electron scattering : the angular resolution has to 

be of the order of a few mill iradians . 

The performance of the CHARM detector, as measured2 ) in an electron beam, is 

summar i zed in Table 1 . 

Table 1 

Proj ected angle and energy r .m. s .  resolut ion for 
electromagnetic showers 

Elec tron energy (GeV) 15  20 50 

{18 proj ection (mrad) 1 2  1 1  7 

Energy resolut ion (%)  5 . 0  4 . 5  2 . 8  

The neutrino and antineutrino cand idate events are plotted in F i g .  3a and 3b 

versus the variable E2 8 2 •  We have chosen this variable because it  en!1has izes the 

different kinematics of the s ignal wi th respect to the background s .  The measured 

angular resolution implies that 90% of the good events have E 2 8 2  � 0 . 12 GeV2 , cor­

responding to the first  two b ins of Fig.  3. To subtract the background , we extra­

polate from the region 0 . 1 2-0 . 54 GeV2 to the region E282  < 0. 12 GeV2 • The E282  d is­

tribution of background (a) , known to be energy independent , has been experimentally 

determined ' ) by using data on elastic and quas i-elastic  charged-current reactions 

induced by muon neutrinos (antineutrinos) . The E282  dependence of background (b) 

was determined by a Monte Carlo s imulation us ing the known neutrino (ant ineutrino) 

energy spectrum and assuming that the Q2 dependence of neutral-current events is  the 

s ame as that of charged current ones . The normalizat ion of backr,rounds (a) and (b ) 

was ob tained by a s tudy of the energy depos ition in the first scintil lator plane 
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F i g .  3 D i stributions of the candidate events versus the variable E2 8 2 : a) neu­
trino s ,  b ) antineutrinos . 
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f o l l owing the shower vertex in the region 0 . 12 S E2 8 2 S 0 . 54 GeV2 • This analysis is  

based on the observation that elec tromagnet i c  showers initiated by a n °  produced 

by semileptonic neutral-current processes have an energy depo s i tion in this s c in­

tillator corresponiing mainly to an even number of  m.  i . p . , whi l s t  the events due 

to  background (a) [as well as to (v) e s cattering] give an energy depos i t ion cor-µ 
responding mainly to an odd number of m. i . p .  Figure 4 shows the measured2 ) E
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F i g .  4 15 GeV electrons . Dis­
tribution of the energy Efirst 
deposited in the first  s c intil­
lator plane of the shower . 
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distribution for 15 GeV electrons . In the region Efirst = 3-9 MeV we observe � 35% 

of  all events . Figures 5 and 6 show the Efirst distribution for the neutrino-

and antineutrino-cand idates in the regions E282  < 0 . 12 GeV2 and 0 . 1 2  S E282  S 

S 0 . 54 GeV2 • The number of the events attributed to background (a) is compatible 

with the number of events with Efirst < 9 MeV in the region 0 . 1 2  S E282 S 0 . 54 GeV2 • 

In agreement with the computed (v) µ
e fluxes in the region 7 . 5-30 GeV ,  the contri­

bution of reaction (a) to the background is much more important in the antineutrino 

case than in the neutrino one. 
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F i g .  5 Neutrino candidates . Distri­
bution of the energy Efirst deposited 
in the first scintillator plane of 
the shower : a) events with E282 $ < 0 . 12 GeV 2 ;  b )  events with 0 . 12 < 
< E282 < 0 . 54 GeV 2 •  
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F i g .  6 Antineutrino cand idates . Dis­
tribution of the energy Ef irst deposited 
in the f irst scintillator plane of the 
shower: a) events with E282  $ 0 . 12 GeV 2 ;  
b )  events with 0 . 12 $ E 2 9 2  $ 0 . 54 GeV2 • 



3 .  RESULTS OF THE MEASUREMENT OF THE ANTINEUTRINO CROSS-SECTION 

The previous method of analysis has led to a measurement of the antineutrino­
electron cross-section4 ) based on a sample corresponding to � 80% of the full 
statistics . Out of � 1 . 45 x 106 interactions ob tained with 4 . 3 x 108 400 GeV 
protons on target ,  537 candidates were selected by the criteria described above. 
The e282 d i stribution of these events is shown in Fig.  7a. The background sub­
tract1on procedure attributed 1 7 5  events to source (a) , 282 events to source (b) , 
and 72 ± 16 events to the signal . The Efirst variable permits the s election of 
a clear "electron" sample of 120 events through the requirement Ef irst < 9 MeV 
corresponding to 1 . 5  m. i . p .  These events have the E282  distribution shown in 
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Fig . 7b . Out of them, 25 ± 7 are attributed t o  antineutrino-electron scattering. 
The s ignal is reduced by a factor of � 3, in agreement with the measured efficiency 
(� 35%) for observing electromagnetic showers initiated by single electrons which 
deposit energy less than 1 . 5  m . i . p .  in the first scintillator plane. At the same 
time the background is reduced by a factor of � 1 0 .  Assuming a y distribution as 
predicted by the standard model , the 72 ± 16 events correspond to a cross-section 
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Fi g .  7 Distributions of the antineutrino candidate events versus the variable 
E282 (80% of full s tat . ) :  a) events satisfying the s election criteria discussed in 
the text ; b) subset of sample (a) satisfying the criterion Efirst < 9 MeV . The 
background subtraction is discussed in the text . 
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The normal ization to t h e  number o f  incoming antineutrinos was done by making use 

of the known5 ) antineutrino-nucleon total cross-section [0 .41  Ev x 10- 3 6  (cm2/GeV)] 
and by measuring the number of antineutrino and neutrino interactions in the same 

f iducial volume of the calorimeter. The measured cross-section agrees with the 

prediction of the Glashow-Salam-Weinberg model for 

s in28 = 0 . 29 ± 0 . 05 ( s tat)  

The present result agrees , within the still  large s tatis t i cal and systematic error s ,  

with what has been found i n  previous experiments o n  purely leptonic weak inter-

actions . 

4 .  THE RATIO OF NEUTRINO TO ANTINEUTRINO CROSS-SECTIONS 

The most general expressions for the neutrino and antineutrino-electron 

scatter ing cross-sections are6 ) 

CV and CA are the vector and the axial coupling constants . In the s tandard model 

we have CV = 1 - 2 sin28 and CA = -1 ; 82 is a mul t iply ing factor related to the 

isospin of Higgs particles . Assuming a doublet s tructure of Higgs mesons , this 

factor is equal to 1.  It  follows that the mos t  direct measurement of the para­

meter s in28 is achieved by measuring the cross-section ratio without any hypo­

thes is on the s tructure of the Higgs s ector . In F i g .  8 the value of R 

= �vµeJ/a(vµeJ is plotted versus the value of sin2 8 ;  R var ies rapidly when s in28 

is  in the range 0 . 1-0 . 3 .  In particular (� s in28/s in2 8 )  = 1 C�R/R) . This fact 

0 0. 1 0.2 0.3 
sin2 e 

0.4 0.5 0.6 

F ig . 8 Rat io of neutrino-electron to 
antineutrino-electron cross-sections 
versus s in28 . 



allows a more accurate measurement of s in28 in purely leptonic process . From an 

experimental point of view, the deviation of s in2 0 from the ratio of two cross­

sect ions measured with the same apparatus gives a result which is  less subj ect to 

systematic errors than the deviation of sin28 from measurements of the ab solute 

values of the two cross-sections . Tab le 2 gives a comparison of the estimates 

of the three main sys tematic errors of two approach es : i) of the antineutrino 

cross-section4 ) , i i) measurement of the ratio R of the two cross-sec tions . 

Table 2 

Comparison of the systematic uncertaint ies 
of the o and R methods 

oV R 
Sys tematic 

)J 
error 

(%) (%) 

Background subtraction 20 1 2  

Detect ion efficiency 15 0 
of  electrons 

Normalization 6 5 

Over-all systematic 26 13 
error 

The error in the background subtraction is  reduced because ,  even if the contribu-

tions are different ,  the sources are the same. The uncertainty in the efficiency 
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to select (v) µe cand idates drops out .  In the ratio measurement the b eam fluxes are 

monitored in two ways : i )  by measuring the ratio of the neutrino and antineutrino 

interactions on nucleons and by making use of the known ratio of neutrino to 

antineutrino total cros s-section; and, i i )  by measuring the number of s ingle 

µ- (µ+) ,  induced by quas i-elastic v)J (\!µ) -nucleon interaction and by making use of 

the equality of the cross-sect ions for exclusive and smal l-y neutrino- and 

antineutrino-nucleon interactions on an isoscalar target .  In conclusion, the 

ratio method is  less affected by systematic  errors than the cross-s ection method 

and is  also less sens itive to theoret ical uncertaint ies . This measurement i s  

therefore a promising new approach to the fundamental prob lem o f  measuring the 

weak mixing angle in purely leptonic processes and of ver ifying the universal ity 

of coupling to leptons and quarks .  The final analys is of  the ratio measurement , 

based on � 40 neutrino-elec tron events and on � 80 antineutrino-electron events 

collected by the CHARM Col laborat ion, is s t i l l  in progres s .  
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