
ABSTRACT 

NEW FLAVORS FROM NEUTRINOS 

Douglas R.O.  Morrison 
CERN , Genev a ,  Switzerland 

A review is made of recent results of studying new flavors us ing 
neutrino beams and also of hopes for future experiment s .  Results  are given 
on charm by d irect observation and from measurements of s trange partic les 
where in v p  interact ions it is found that ( 10 ± 2 ) %  of CC events 
contain charm. In neutral current react ions J/� produc tion has been 
observed with a cross section inconsistent with Vector Dominance but 
consistent with a Gluon-fusion mode l .  Like-sign di leptons are observed 
more frequently than predicted by first order QCD gluon bremss trahlung. 
Determinat ions of the distribut ions of strange and charmed quarks and of 
gluons in the nuc leon are given. 
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1 .  INTRODUCTION 

Neutrino beams are par ticularly important in the production of new 
flavors for two main reasons . 

( a ) The rate of production is high , e . g .  for charm 

Neutrinos-charm product ion in 10- 1 of interact :cons 
Photons-charm production in 10- 2 of interactions 
Hadrons-charm production in lo- • of interac tions . 

( b )  Apart from the interest in the new flavors themselves , the object of the 
study is  to test theories and to unders tand the s tructure of the 
nuc leon . Neutrino interactions only involve the weak force and therefore 
are c leaner for testing theories as no elec tromagnetic or strong force 
are involved . Also , neutrino interact ions are point-like and hence are 
good for probing the structure o f  the proton - as Feynman said i f  you 

wish to study the working of a watch you do not bang two watches together . 

Let us recal l ,  in f i g .  1 ,  a s imple model of the proton where there are 
three valence quarks , uV , uV and dV and many quark-ant iquark pairs in 
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t h e  s e a  which could be uu , dd , s s ,  c c ,  etc . A l s o  there are many gluons 

which carry � 55% of the momentum of al l the particles ( partons)  inside the 

proton ( this at moderate values of q2 � 10 GeV2 ) .  

There exist interes t ing theories of weak interactions so that detailed 

calculations can be done , but the theories are not ( yet:) complete . In this 

paper are presented the latest results on the product ion o f  new flavors and 

the information deduced on the structure of the nucleon. 

2. CHARM AND STRANGE PARTICLE PRODUCTION 

When charm partic les decay ,  they either do so semi.-leptonically when a 

µ or e are emitted or hadronically . In both cases s trange particle emission 

is strongly favoured . Thus charm production can be studied either by dilepton 

events ( in charged current reactions) or by s trange part icles . 

The Aachen-Bonn-CERN-Munich-Oxford Collaborat ion , WA2 l
l)

, have studied 

charm and strange particle product ion in hydrogen by neutrinos and 

ant ineutrinos . The basic Feynman graphs for charm produc tion are shown in 

fig. 2 together with the number of s trange part icles and the Cabibbo 

suppress ion fac tor , where 0 is the Cabibbo angle ( assuming SU( 3 )  

invariance ) .  While i t  is well known that valence quarks contribute only in 

neutrino interactions , the sea quarks are also important and give appreciable 

charm produc tion also in antineutrino interac tions . 

The reactions that give s trange particles in charged current vp 

react ions are listed in tab le 1 together with their percentage contribut ion . 

It may be noted that 34 .4% of the strange part icles come from charm-producing 

reac t ions . Experimentally the ABCMO Collaboration found for CC interact ions 

o ( strange part icles)  
o ( all  CC events )  

( 30 ± 5)%  for W > '.I GeV. 

This then determines that ( 10 ± 2 ) %  of all CC events give charm product ion . 

It has also been shown by the ABCMO Col laboration that 

- at first s ight a surpris ing result in view of the much greater mass of the 
* 
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A s imilar ana lys is has been made recently by the Aachen-Bonn-CERN­

Democritos-London-Oxford-Saclay Collaborat ion WA472 ) , in vN and vN CC 

interact ions in a Neon-Hydrogen mix C an iso-scalar target) . They find that 

the contribution of charm to s trange partic le produc t ion is 23.3% and that 

8 ± 2% of all CC events give charm product ion . For ant ineutrinos on an 

isoscalar target ,  charm is calculated to be 2 7 . 9% of strange particle 

product ion and from the measurements of observed s trange particles deduce that 

6 ± 3% of a l l  CC events produced charm. 

When dileptons (µe  and µ µ )  are observed in bubble chambers , the 

strange particle produc t ion rate is relatively high . Thus in antineutrino 

interactions in a neon-hydrogen mix , the BNL-Columb ia Collaborat ion3 )  found 

1 . 2 s trange particles per µ+e- event instead of the normal 0 . 3  for CC 

events . 

A point of importance that will  re-occur later , is the lab . momentum 

s pec trum of the lepton from the charm decay e . g .  the e- in vN CC events 

which is sketched in fig.  3 .  In heavy liquid bubble chambers the 

2 5 % 

Momentum, GeV/c 

Fig.  3 

electron can be identified with little background down to 0 . 3  GeV/c but with 

counter techniques the background is so severe that the muon from charm decay 

can only be measured above some high value of 4 to 10 GeV/c depending on the 

experiment .  Thus i n  comparing d ilepton rates at tent ion mus t  b e  paid t o  the 

lower limit of lepton detection. 

3 .  EXCLUSIVE CHANNELS-VISUAL OBSERVATION 

In bubble chambers fil led with hydrogen, three-constraint fits  can be 

obtained corresponding to exclusive channels in vp interac tions . The most 
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frequent 3C fit react ion i s  vp + µ -6 ++ where a valence cl-quark is 

c onverted into a u-quark . Recently the ABCMO Collaboration4 )  have found 
- ++ 

an example of the react ion vp + µ E c where a valence d··quark is converted 

into a charm quark as il lustrated in fig. 4, giving the doubly charged charmed 

baryon E ++ 
c 

11 -.. --i--:-P--�-----------� �+ 
u u 

Fig.  4 
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This 3C fit gives prec ise determinat ion of the masses of A+ and E++ and 
* c c 

o f  their di fferenc e .  Examples of A+ , E+ , (D + D )  produc tion have been c c 
observed as 3C fits and have also given accurate mass de,terminations e . g .  

+ 3 events give a A c mass de termination of 2283 ± 3 MeV wh ich is the 

most accurate value so far. 

However ,  statistics of 3C events are low compared with the � 10% of 

events with charm product ion . To obtain good statistic'  visual observation o f  

the decay is needed . However , th is is technically d i fficult as with neutrino 

beams large target volumes are necessary and th is is ger,erally incompatible 

with the h igh optical resolut ion needed to observe the decay of the 

short-lived charm particles .  

With Emuls ion targets , exce l l ent resolut ion , � 1 µm can b e  obtained 

but the target mass tends to be small  e . g .  WA17 and E5 3 1 . 

With bubble chambers , extens ive tests of Holography_ are being made and it  

i s  hoped to have 30 to 50 µm resolution over a vo lume of 1 to 4 m'  in  BEBC . 

4 .  w-PRODUCTION BY NEUTRINOS IN NEUTRAL CURRENT REACTIONS 

The CERN-Dortmund-Heidelberg-Saclay Collaborat ion , WAlS )  have obtained 

interest ing new resul ts on J/w produc tion in studying wi deband neutrino 



interact ions produced by 5 . 2  x 101 ' protons of 350 and 400 GeV. They 

obtained "' 107 events with at least one muon of wh ich "' 16 000 were 
+ -µ µ events . With the requirement that the muon momenta P

µ 
> 5 GeV/c 

and fiduc ial volume cut s ,  finally 10 177 events were used with an average 

v is ible energy , <Evi/ = 90 GeV. 

The ( µ+µ-
) mass spec trum is shown in fig. 5 ( a )  and no peak at 3 . 1  GeV 

can be seen . The CDHS Col laboration expect the process to be "diffractive" , 

( quoting Gail lard et al . ,  Kuhn and RUckl ,  and RUckl6 ) ) and hence have tried 

the s e lec tion EHadron < 10 GeV giving fig.  5 ( b )  where a peak is visible at 

3 . 16 ± Q . 0 5  GeV of 45 ± 13 events . The reaction is as sumed to correspond 

to the neutral current react ion shown in fig.  6 .  

11 
11 -------

zo 
�-.-..-- c 
------ c 

Fig . 6 

The emiss ion of at least one gluon from the cc pair is necessary for color 

conservat ion . 

The requirement that EHadron be less than 10 GeV is a surpris ingly high 

value for a "diffrac t ive" proces s .  This may indicate that high masses are 

produced in diffractive processes or may indicate some problem in statistics 

or interpretat ion . Further data on th is would be of interes t .  

S ince the peak of 4 5  events comes from an initial selection of 107 

events ,  the problem of background is important . The main background reaction 

is the CC one 

( 1 ) 

For 1/2 . 8  of the total flux , an upper limit of 3 . 5  trimuon events was obtained 

which would then correspond to a total NC background on u or d quarks of < 3 

events .  
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The cross section for the react ion is then 

( 2 )  

There i s  the ques t ion a s  t o  whether the Gluo-Fusion or the Vector Dominance 
Mode l , VDM app l ie s . With the former both vector CV and axial CA coupl ing 
are involved while with VDM there is only vector coupl ing 

2 4 / 3  S in2 9 = 0 . 19 ± 0 . 02 w 

The ratio of the weak to the e lectromagnetic w produc tion cross sect ions is  

R cr (vN + vwX) 
cr (µN + µWX) 

(G2 ME /lf ) . f� " 
q· • ( 2ME 4u2 ) f� µ 

Us ing muoproduction results of the Berkeley-Fermilab-Princeton7 )  and 

( 3 )  

EMC Collaborat ions8 ) , the gluon fusion model gives a (vN + vwX) 2 . 10· • 1 cm2 
in agreement with the data wh ile the VDM is  in d isagreement as is shown in 
fig. 7 , where it  may also be seen that experiments with muon beams cannot 
easily d i s t inguish between the processes . 

In conclusion neutral currents couple to charmed quarks with the 
s trength expected in the s tandard mode l .  

5 . LIKE-SIGN DILEPTONS 

The great problem for l ike-sign dimuons is background from CC events 
where a same s ign muon comes from a TT or K decay , e . g .  

v N  + µ- + TT  + x .  

l µ 

However , several counter groups report a s ignificant s ignal above 
background and some bubble groups report a few events 

FIIM Collaboration 9 )  4 of + + background 1 . 1  " +  events µ e ' 

. 1 0irj + 1 of + + background 3 . 6 events µ_e_ ' BFHSW Col laboration " 3 events of µ e ' background o . 3  

ev . 

ev. 
ev . 

BNL Columbia3 ) " + 20 events of µ e , background 9 ev. 

The CHARM Col laborat ion report l l )  that from 271 000 CC neutrino events , 
7 4 ± 1 7 µ-µ- events were obtained and from 2 15 000 CC antineutrino 
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events , 52 ± 1 3  µ +µ + events were deduced . The kim•matics of the events 
s uggest a hadronic origin. The cross sect ion ratio was cr ( µ+µ + ) /  

Q . 50 ± 0 . 20 which is  c lose to the r a t i o  obtained for C C  events ,  

cr (vN + /x) / cr ( vN + µ-X) = 0 . 489 ± 0 . 019 . 

I t  is intere s t ing to s tudy the results for µ 11 as a func tion of 
t ime. Fig.  8 gives first results 1 2 )  from several col laborat ions - it can be 
seen that they agree but the cross section ratios are much higher than 
predicted by a first order QCD calculat ion1 3 ) . In a later publicationl l )  

containing the latest CHARM results , fig. 9 ,  the el<perimental points agree 
surprisingly we l l  despite the different cut-off values of the muon momentum, 
pµ - see fig.  3 .  The QCD curve has been recalculated and i s  now an order 

14) of magnitude h igher than in fig . 8. Very recently the CDHS results have 
been added to fig. 9 giving fig.  10 where it can bE! seen that the new CDHS 
results are in disagreement with previous results ( including their own ) , but 
are s t i l l  somewhat h igher than the latest QCD predi:ction .  

I n  conclus ion i t  is  c lear that the situat ion i�s unc lear. Further work , 
both experimental and theoretical is required . A pos s ible  new handle to the 
subject might be to s tudy strange particle product 1con ( coming partly 
from charm decay) in h igh energy bubble chamber experiments at the Tevatron . 

6 .  TRILEPTONS 

For trileptons there is no new data yet and the results published are 
consistent with convent ional sources wh ich are given by the CDHS 
Col laborat ion15)  as : 

E-M muon pair product ion in CC reac tions , "' 2�1% of tri leptons 
Hadronic muon pair produc tion in CC react ions � 75% of trileptons . 

The ratio of tri lepton to CC produc tion found are 

cr (vN + µ-µ+µ-
+ X )  

cr (vN + µ-X )  
( 3 . 0  ± 0 . 4 ) . 10" 

( 1 . 1  ± 0 . 5 ) , 10- • 

CDHS 1 5 )  

76 events 
E > 30 GeV " 

HPWFOR 1 6 )  

3 9  events 
E > 100 GeV " 
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While the data are "consis tent with" conventional source s ,  the l imits that can 
be put on "unconvent ional" sources such as heavy leptons or heavy quarks , are 
not very restric t ive yet .  

For ant ineutrinos , CDHS 17 ) find 

o (vN + µ+µ+µ- � X )  

o (vN + µ+X)  ( 1 . 8 ± 0 . 6 )  x 10- • ,  8 events , Ev > 30 Gev . 

More data are awaited from the CDHS Col laborat ion . 

7 . TETRALEPTONS 

There are s t i l l � 3 events from three groups ; more data is needed . 

8 . OPPOSITE SIGN DILEPTONS 

Dileptons of opposite s ign are important to measure ( a )  to learn about 
charm and ( b )  to determine the s trange sea content of th<e nuc leon . On the 
surface , such determinat ions seem reasonab l e ,  but in fac t there are many 
technical problems and assumpt ions involved - these are ':learly described by 
Edwards and Gottschalk in ref.  18. There are two new pa pers on opposite s ign 
di leptons from the CHARM and the CDHS Collaborat ions . 

8 . 1  CHARM Col laborat ion 

The CHARM Col laborat ionl l )  have a low dens ity target and can then 
select "prompt" muons from the distribution of the dis tance between the muons 
a t  the vertex . The event sample obtained is 

495  ± 32 events 

2 8 5  ± 29 events 

of 

of 

- + vN + µ µ X 

+ -vN + µ µ X .  

One major prob lem is  the background coming from decays of pions and kaons 
in f l ight .  The other major prob lem is  to correct for th" e ffec t s  of the charm 
thresho l d .  Here this is  done by us ing the "s low rescal ing" variab le x ' , 

x '  
mz c x + s . y  ( 4 )  

( the so-cal led " fast rescal ing" neglects the fact that there are many charm 
thresholds and neglec t s  phase space effects and is better avoided) .  
is  the mass assumed for the charm quark. 

Here m c 



The result s  are shown in figs 1 1  and 1 2 .  The ratio a ( µ+µ- ) / a ( C C )  
r ises with 'energy to "' 4 x 10- ' for both neutrino and ant ineutrinos . The 

y-distributions , after correct ions , agree with theory . The contribution o f  
the s trange quarks t o  the sea is  e s t imated t o  be 0 . 050 ± 0 . 015 . 

8 . 2  CDHS Col laboration 

The CDHS Col laboration1 9 )  have relatively h igh statis t ics , 1 0 1 10 events 
of v N + µ- µ+X and 2003 events of 'JN + µ+µ-X with pµ > 5 GeV/c bui: lose some 
of th is advantage by not being abl e  to separate "prompt" muons .  They make 
extensive use of a Monte-Carlo program which makes a number of assumpt ions ( a )  
f lat y-dependence ,  ( b )  s e a  quarks have ( 1-x)'  distribut ion , ( c )  valence 
quarks have � ( l-x ) 3 " 5 distribution ,  ( d )  the relative s to d contribut ion 
i s  derived from the dimuon data and therefore depends on the mass me ' 
assumed for the charm quark , ( e )  only D mesons produced ( i . e .  no charmed 
baryons ) ,  ( f) the rat ios of decays of D mesons are taken from the DELCO 

* 
experiment , i . e .  K/K /w = 0 . 56/0 . 37 / 0 . 06 . 

Results  are ob tained for the 1 1effective" charm fragmentat ion function 
defined a s  

z 
p ( µ + ) + E ( shower )  

and this i s  shown i n  fig.  1 3 .  Care must b e  taken in us ing th is z dis tribut ion 
as it is called "e ffec t ive" as there is no correct ion for unseen neutral s ,  but 
it c learly shows that charm quarks are produced at unusual ly h igh z value s .  
The only other results on th is subject were obtained b y  the Canada-Japan-USA 
emuls ion col laborat ion20) , who give dis tributions in Q2 , xF and zF for 
D ,  A c and F charmed particles as shown in fig. 14 where it may be seen 
that D mesons are produced dominantly forwards together with a few of the 
charmed baryon s .  

T h e  CDHS collaboration find , as  shown i n  figs 15  and 16 that the ratio R ,  
o f  d imuons to charged current cross sect ion r i s e s  to a value of 7 x lo- • above 
100 GeV for both v and v .  Th is is almost twice the value found by the CHARM 
col laborat ion , but the explanation is probab ly that CDHS accept more low 
momentum muons , as explained with fig. 3 .  

The amount o f  s trange sea in the nucleon , n s where 

n s 
2 J x . s ( x) . dx 

J x [ u ( x )  + d ( y ) ) dx ( 6 )  
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Two methods have been used : 

( a )  From x distribut ions where s ( x )  is obtained from results  from opposite 

s ign dimuons in antineutrinos ( not from neutrinos as valence quarks 

contribute as we ll as sea quarks - see table 1 ) .  

( b )  By a double ratio method where R2 R{v ) /R( v )  for opposite s ign 

di leptons . Then 

R1 R2 - n 1 
n tan2 a 

- R1 R2 
( 7 )  

s c 

2 
where tan a c 

= 0 . 057 , R1 a ( -;, ) /a ( v )  = 0 .48 and n 1  c ;;  + d ) / (u + d)  0 . 12 .  

This gives n "' o . os and is constant above 70 GeV . Caut ion must be 
s 

used as if m is taken as LS 
c 

GeV instead of 1 . 8  GeV , then slow rescal ing 

e ffects doubles the value of n s • 

9 .  DISTRIBUTION OF GLUONS IN THE NUCLEON 

S ince gluons carry about half  the momentum in a nucleon , it is important 

to learn about gluon distribut ions . Al though with BEBC a rough estimate has 

been made
2 1 ) , the first high quality estimate of gluon dis tributions has 

. 2 2 )  
( d f . . .  ) been made by the CDHSB col laboration where B stan s or Be1J 1ng • 

The product ion of charm is a major problem in the analys is as one firs t 

needs to know the s trange quark content of the sea. The analysis uses 

F � ( x ,  Q2 ) and qli ( x ,  Q2 ) = x(u + d + 2 s ) .  The data used comes from: 

Narrowband beam, 94 000 v and 25 000 v event s  

W ideband beam, 35 000 v and 155 000 v events .  

Three different sets  of structure funct ions have been used with varied 

a s sumpt ions about the s trange and charmed sea . 

Fit  1 assumed the s trange sea and x( ;; + d) have the same x distributions 

but xS is suppressed by a factor 2 ( S-l ) / ( ;; + d) 0 . 4 ,  i . e .  there is no 

correct ion for charmed thresholds and the charmed sea contributions ( i . e .  cc ) 

is assumed to be negligible.  Here xS is de fined as xS ( x ,  Q2 ) = strange 

quark structure function in the nucleon as seen by the weak charged current 

( the difference of S {x)  from s ( x )  is that S (x)  takes into account threshold 

behaviour ) .  
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The fol lowing resul ts are obtained assuming there are 4 flavors and a l l  2 
are taken to contribute in the sea , then for a s tandard Q0 value of 5 GeV2 , 

ALO 
= A ( leading order) = 0 . 18 ± 0 . 02 GeV 

< F, > ,  o . 45 ± 0 . 02 <x.> 
F, 

0 . 25 ± 0 .02 

<Cj>, 0 .055 ± 0 . 002 <x.>- 0 . 095  ± 0 . 002  
q 

<c> ,  = 1-< F,> 2 = 0 . 55 ± O .  ll  <x> 0 . 16 ± 0 . 012 
glue 

That i s ,  55% of the nucleon momentum is carried by gluons and the average 

g luon momentum is less than that of valence quarks but more than that of sea 

quarks . 

In Fit  II and Fit  III correct ions were introduced us ing s low rescal ing 

according to eq . ( 4 )  with m
e 

= 1 . 5  and 1 . 8  GeV respect ively.  The 

corresponding values of 2 s / ( u  + d) were 0 . 5  and 1 . 0 .  Three quark flavors were 
2 

taken and the charmed sea set to zero at Q0 GeV and then increased 

according to the results  obtained from Fit I .  For data with x > 0 . 3  i t  was 

then found tha t :  

F i t  II 

F i t  III 

0 . 20 ± 0 . 02 GeV 

0 . 206 ± 0 .02 GeV . 

Thus the results  do not vary greatly with the assumpt ions ( except the amount 

of the s trange sea ) . 

The x dis tributions are il lustrated in fig.  17 for two different values 
2 

o f  the re ference four-momentum transfer , Q0 • As explained by Kogut and 

Susskind
2 3) with higher Q� , the effective wave length of the investigation 

is smal ler and hence more low momentum partons can be seen . Thus more partons 

( quarks plus gluons ) are obtained at low x for Q2 = 2 2 . 5  GeV in fig. 17 • 
• 

10 . CONCLUSIONS 

( 1 ) In neutrino-proton react ions , by measuring s trange particles it is found 

that ( 10 ± 2 ) %  of all CC interact ions give charm. 

( 2 )  From exclus ive channe ls  in vp and vp reactions , accurate masses o f  

I++ I+ A and <o*-o) have been obtained . c ' c '  c 
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( 3 )  High resolution visual detectors ( emulsion , bubble chambers with 

c lassical or holographic optics )  are used to s tudy charm production and 

propert ies .  

( 4 )  J/� production has been observed "diffract ively" in neutral current 

interactions and gives evidence against Vector Dominance and in favour o f  

the s tandard Gluo-fusion model . 

( 5 )  Tri leptons can be accounted for by "convent ional" sources . 

( 6 )  Tetraleptons are very few - wait for more data . 

( 7)  The existence of like-s ign dileptons is confirmed wh ile the exper imental 

results  are incons is tent , they disagree with first order QCD gluon 

bremsstrahlung - is theory wrong or results or both? 

( 8 )  Opposite s ign di leptons give ( a )  an "effect ive" charm fragmentation 

funct ion peaked at high z ,  ( b )  a flat y-distribution confirming V-A 

theory , ( c )  the amount of the strange sea is 0 . 0 5 .  

( 9 )  The dis tribut ion in momentum of gluons in nucleons has been determined 

and it is found that 55%  of the momentum is carried by gluons . Also 

A
LO 

= 0 . 2  ± 0 . 02 GeV . 

( 10) Beauty production may be observed at the Tevatron but there is no 

evidence for it at present SPS or FNAL energies .. 

( 10 ) The tau neutrino '\ is being searched for in a presently running beam 

dump exper iment (with normal neutrino beams the background from charm 

decays is probably too high) but the energy may be too low to produce 

sufficient F-mesons in the dump which decay to ''t · However , V T  
should be discovered at the Tevatron. 
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Neutrino reaction in 
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TABLE 1 

hydrogen % of strange particle product ion 

47 . 1% 

1 2 . 3% 

4 . 2% 

1 . 1% 

1 . 1 % 

1 1 . 8% 

3 . 1%  34 . 4% from CHARM 

1 9 . 5% 


