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INTRODUCTION 

During the la^t few years, the main emphasis in the studv of 
heavy particle production (i.e. mainly rharin) by other means than 
e+>>~ annihtlat :'"n has been on the production mechanisms. Because of 
the relative cleanliness of the charm siRn.il in the <.<+e~ process, 
most of the data on the properties of the charm particles has origi­
nated from that source. There are already indications, however, that 
this situation Is changing. Improved detection techniques coupled 
with much higher intrinsic production rates suggest that in the 
future the study of the properties of ch3rm particles will cease to 
be an exclusive domain of e +e' machines. 

This review, however, will concentrate mainly on the production 
data in the y, u, v and hadron beans. This is partly because the 
decay properties have been covered in the review talk of George 
Trilling and partly because up to now most experiments did emphasize 
mainly the production aspects. In addition there has been recentlv 
a considerable interest in tr,Ing to explain most of theso data 
phenomenologically by use of first order OCV diapranji, i.e. r ho ton 
gluon fusion diagram (Fig. la) 
in the case of photo and muon- T e g c 
production ot" charmed hadrons --i ^ 
and gluon-gluon or quark-quark i" 
fusion (Fig. lb.c) and charmed \ 
sea excitation (Fig, ld.e) for ^ "-.v 

hadronic production of charmed g 
particles. These mechanisms ( c ) 

relate the quark structure 
functions as measured in the a 
massive di-lepton pair produc­
tion experiments and tne deep 
inelastic scattering experi­
ments (p, e, and v) to the 
production distribution of = c 
the charmed hadrons. In addi- , K id' lei 
tion the gluon diagrams. If 
dominant, allow one to measure Fig. 1, Typical 1st ord - QCD d Li­
the gluon distributions of rht grams Eur open charm pre 'uction by 
H, K, and the nucleon. photons and had ons: a) ig •* cc, 

One can contrast this jit- b) g" -» cc, c) qq •+ e ., d) qc - qc, 
uation with the production o( e) gc •+ gc. 
charmed particles in the rrutrino 
interactions either via ii.eraction of the U boson with a strange 
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quark from the sea (Fiji, 2a), 
or alternatively via Csbibbo 
suppressed d -* c quark trans­
ition (for antineutrtnos only) 
(Fig. 2b). iTie Interest here 
is mainly 'he x distribution 
of the stnnge sea, which can 
be extracted from the di-lepton 
production in the neutrino 
interactions. Th:it subject 
(I.e. u +u~ and u e* produc­
tion) has been covered ade­
quately in Frank Sciulli's 
talk and will not be discussed 
further here. On the other 
hand QCD rij.agrams similar to 
the ones discussed above (e.g. 
Fig. 2c) are relevant tc the 
question of associated pro­
duction of the charmed parti­
cles in neutrino interactions, 
and the data relevant to that 
question will be summarized 
briefly. 

Fig. 2. Diagrams for charm pro­
duction by neutrinos: a) off 
strange quark sea, b) off down 
quark, r) associated production 

EXPERIMENTAL COMMENTS 

The heavy flavor searches divide themselves naturally into 3 
different categories, each one characterized by its own peculiar ad­
vantages and shortcomings. We shall summarize them here very briefly: 

(1) Peaks in the invariant mass spectra. This is the classical 
method of searching (or very short lived particles and has been ex-
trfmfly successful in unraveling the old spectroscopy. It becomes 
more difficult as masses and beam energies increase, mainly because 
o: rapidly growing number of combinatorials. Furthermore, these 
kinds of experiments, if performed with electronic techniques, gener­
ally investigate only a very limited region of phase space, so ex­
traction of total cross section or angular distribution becomes very 
mr.del dependent. Finally another potential danger with this techni­
que, especially important when the statistics are limited, is the 
difficulty of interpreting correctly Lhe st ,il s: cnifi cance of 
a per.k in cht presence of a large n'rmber .;,. The cuts will be 
naturally chosen so as to m<:ximi t peak^. and thus raise the danger 
of overemptvizine stT tical fluctuations. On the other 'la.id, the 
mass peak - • .-es thu cleanest way to identify r/.jjction nf 
specific- -* i,e.g- *.c, F+, D°, et.L.). 

(2) Semileptonlc decay modes (i.e. detection of prompt v, e, or 
V and of Tiuon poj arizat ion). Here most of the information on the 
parent parcicle is lost so identification of specific states is Im­
possible. In addition, because of widely varying semileptonic brancn-
lng ratios for different charm particles (see below) extraction of 
total cross section hecomes difficult unless contribution of specific 



states is known from other sources. Furthermore, the initia1 product­
ion features are somewhat degraded since one observes atconj genera-
tion particles. On the other hand, the important plus here is the 
possibility of obtaining rather good statistics with a food signal to 
noise ratio. 

(3) Search for short tracks (emulsions, high resolution streamer 
chambers and bubble chambers, solid state detectors). Most of these 
detectors are at present undergoing vigorous development efforts and 
they will probably play a much more important role in the future. 
Except for the neutrino emulsion experiments, most of these techniques 
have so far only demonstrated feasibility of doing heavy flavor experi­
ments but as yet their impact on the field has not heen very great. 
Their obvious advantages are relatively bias-free identification of 
heavy particles, possibility to study In detail the systematics of 
these particles, and simultaneous exploration of the full 6-rr solid 
angle. One important shortcoming so far lias been the relatively low 
evert rate and a great deal of scanning effort necessary to extract 
the Interesting events. 

In practice, of course, these techniques are not orthogonal, and 
very frequently a given experiment will simultaneously rely on use of 
more than just one of these techniques. 

Several additional experimental comments may be in order hfc»~. 
(a) The relative ratio of charm to non charm hadron production 

is strongly dependent on the nature of the beam. The rough orders of 
magnitude for different beams are; 

hadronic beams ^ 10 
_2 photon (\t) beams "v 10 

neutrino beams ^ 10 
e e annihilation T* 1 

(b) The evidence presented at this conference provides stronR 
evidence that the lifetimes of different charm particles differ widely. 
The most systematic study of this question was presented in a report 
bv Niu, who quoted ' 

D + , 10.3 + 1"-5 - 4.1 

1.01 .43 
.27 

F + - 2.2 + 2 - B 

- l.n 

c -0.46 
The significance of this result in the content of the present 

discussion is that the semileptonic branching ratios will be approxi­
mately proportional Co the lifetime (that statement is rigorously true 
for D and D°). Thus all the cross section estimates extracted from 
the semileptonic experiments might be significantl' in error if the 
preelection process is dominated by one single state. 



(c) A dependence of the cross section is a relevant question 
here. Since most fixed target experiments use generally heavy nuclei 
as target material (e.g. iron, A • 56) and ISR experiments study p-p 
interactions, knowledge of A dependence is quite crucial to the com­
parison of different experiments. It Is conventional now to assume 
linear A dependence for heavy flavors, in analogy with the j/ij; product­
i o n ) . However, it should be stressed here that at present there are 
no experiments :hat bear on this question for unbound charm production, 
and that Che A dependence could vary with x. 

CHARM "RODl'CTION BY HADRONS 

The field of hadronic production of unbound charm states (i.e. 
D, A c, etc.) is still in its early infancy. Because of rather unfa-
orable signal to noise tatio only very sparce data on production rates 
are available and the information on x and p~ distributions is even 
more scanty. Thus only very rough comparisons with phenomenological 
predictions can be made; this section, accordingly, shall emphasize 
mainly the experimental data and the outstanding experimental problems 
More specifically, we shall address 3 separate topics here, i.e. 

1) Central Production, Sear x - 0 
2) T'ie Question of Forward Production 
3) Anomalies and Disagreements Between Different Experiments. 
I) Central Production. 1 shall try to summarize here the con­

tributions of all those experiments that either concentrated on x = 0 
region or had such acceptance that they were sensitive to the product­
ion in that region. No firm quantitative predictions and comparisons 
with the theory can be made here with any strong degree of assurance. 
This is at least partly due to potential contribution of several dif­
ferent diagrams (quark fusion, gluon fusion, flavor excitation by 
quark or gluon scattering), our ignorance about their relative import­
ance, 3) and dependence of the calculations on the mass of the charmed 
quark. On the other hand we can make some reasonably intelligent 
guesses as to what the hadronic production of chann should look like 
if the diagrams discussed above «erp indeed the dominant ones. 
Specifically we would expect: 

a) The cross section in the Fermilab and SPS region (fs =t 30) 
to be about 5-20 ub for total charm production. 

b) The increase between that »nergy domain and the ISR energy 
range (S& % 60) should be about a factor of 2-3. 

c) The x distribution for production by nur.leons should go roughly 
as 0 - x ) n with n being somewhere between 3 and 5, since that is the 
approximate dependence of the quark and gluon distributions in the 
nucleon. Mesonic production distribution might be expected to be 
slightly flatter. 
Thp data available up to now are summarized in Table I. Several obser­
vations need and can be made regarding these data. 

a) The comparison between different numbers should probably not 
be taker, more seriously than up to a factor of 2. This is because of 
unknowns in A dependence, branching ratios, final states produced, and 
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production mechanisms. No great effort has been made to insure that 
the assumptions used in extracting the final numbers for all the 
experiments have been entirely self consistent. 

b) The data are dominated by the experiments near </-, % 27, In 
that region, the total cross sections are consistent (up to a factor 
of 2) with o t o t 3, 20 ub. The only point that appears Co be slightly 
high is the preliminary result quoted by the Tata group8' at this 
conference of 160 i 40 ub. 

c) To the extent that the data on this question are available 
the experiments pre consistent with central production, i.e. x depen­
dence of the form (l-x) n with 3 * n < 5. 

d) The situation in the ISR region near x = 0 is not clear as 
there appears some discrepancy between the '< different ISR measure­
ments quoted. The question as to whether the cross section at x •= 0 
rises dramatically between •'s = 27 and 60 dor„ not appear to be 
settled by these Jata. 

2) Forward Production• There i jtfe now been several experimental 
progr^ * thi t bear on this question. 

a) at /• •= 53 and 63 there are 3 experiments (hy Split F_ield 
Magnet group,'1-) Lamp-Shade Magnet group,22) and UCLA-Saclay group2-*)) 
that study Ar and D production at the ISR. 

b) at ""s - 27 there are the 3 beam dump experiments (CDHS, ' 
BEBC,2-^ and CHARM 1 9) collaborations) that study prompt v interactions 
(presumably coming from the decay of short-lived particles). In 
addition, the Cal Tech-Stanford collaboration has studied the produc­
tion of prompt forward muons2") (presumably decay products of short­
lived particles produced by ".he primary protons). 

c) at /s = 20, a Fermilab experiment has studied forward dif­
fractlve production of D's in n~p interactions.27' 

d) at /e • 7.4 there have been 3 beam dump experiments performed 
at the Brookhaven ACS.28) 

Very briefly, the results of these experiments can be summarized 
as follows. Starting with th° lowest energies, there appears to be 
no evidence for any prompt neutrino production in the BNL beam dump 
experiments, \here is some discrepancy between the calculated vu 

fluxes (co(ti',.ig from n and K decays from the original hadronic cascade) 
and the observed v b numbers, 2 9) but the majority belief is that the 
calculations probably are not reliable enough to make the discrepancy 
significant.-'") The cross-section limits for charmed particle pro­
duction as obtained from these experiments™' are still considerably 
above the interesting limits ()2-20jjb for 0-= B ). 

e 
For completeness one should mention here an older beam dump experi­

ment performed at Serpukhov,'^ i.e. intermediate energy (Ep - 70GeV, 
fs • 11.5). They report evidence for prompt v e with a cross section, 
o n ; B„ - .5 i .4ub. 
DD D-t-v 

e 
A finite signal for diffractive DD production was obtained at 

Fermilab by the HFIOT collaboration^ in it"p interactions at r^« 20. 
The evidence for production of roughly equal amounts of D° and D is 
displayed in Fig. 3b,c, where a narrow peak at the mass of the D is 
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seen in both the K n r. and the 
K IT TT mass spectra. Further­
more, the x distribution (Fig. 
3a) supports the hypothesis 
that the D'B are produced 
diffractively, although it 
should be poini.ed out thc.t the 
trigger itself requires a slow 
proton thus favoring a forward 
mechanism. A model dependent 
cross section estimate yields 
°DD = (6-10'±4ub. 

Turning now to fs = 27, 
there is an agreement (within 
a factor of 1) between the 
CF.RN beam dump experiments 
and the Stanford-Cal Tech 
experiment at Fermilab on the 
overall size of the prompt 
lepton signal (the discre­
pancies on the details will 
be discussed below). As an 
example. Fig, 4 compares the 
momentum distribution of the 
prompt lepton fvom tne 
Fermilab apci Hf.EC experiments. 
The techniques are totally dif­
ferent here; the comparison is 
relatively model independent. 
Some model dependence arises from 
the fact that the acceptance in tna 
p-j—x space is quite different for 
these 2 expe -.ments. Both experi­
ments are sensitive to a large 
fraction of the forward x region; 
however the Stanford-ClT experi­
ment ' as basically a flat 1002 
acceptance for p > 6F GeV; the 
relative detection efficiency for 
the beam dump experiments goes 
roughly as P v • Furthermore the 
Stanford-CIT experiment accepts 
essentially all p_; the neutrino 
experiments look only at very low 
P T (48 < l,8mr). 

The gross features of the CERN 
experiments can be adequately ex­
plained by a central production. 

Fig. 4. Comparison of the 
prompt v spectrum (CIT-Stanford) 
with prompt v spectrum (BEBC). 
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mechanism that is consistent with that deduced by Stanford-CIT collab­
oration from their earlier experiments*-•'3) that eroohasized the cen­
tral region. In addition, a diffractive mechani&i-. is not a good fir 
to the Stanford-CIT p distribution, predicting too many high energy 
muona. If the data are forced to a diffractive fit, the cross section 
estimate is 14 2 U ub. 

Turning now to the ISR energies, we note the large forward pro­
duction of charmed particles, especially A c, The extraction of total 
production cross section is difficult and highly model dependent be­
cause in all experiments only a limited knematic region Is investi­
gated. I shall try to summarize the relevant facts in as coherent a 
way as possible for both A c and D production. 

A c Production. The LSH and SFM groups have presented 2 measure­
ments of A c production. 2 lt 2 2) Both experiments identif> the A c -*• K~ptt 
mode so they can be compared direc ly- Furthermore each ixperiment 
oiitairs one cross section measurement at a rather forward x by trigger­
ing on a K~, and another one at a lower x by using an electron trigger 
(presumably from the accompanying A c or D)- A universal \0% BR into 
electrons is assumed in extracting the cross section, i'ome of the 
representative plots from these experiments are displayed in Figs. 5 
and fi for the K" triggered Figs. 7 and 8 for the e trigger. There 
is some indication of a A c peak in the I,SM data but the evidence is 
not totally conclusive because 
of low statistics ai.J. a 
slight downuard displace­
ment of the position of 
that mass peak. 

One shdud also ntion 
here an r'd^r publish i re­
sult by the UCL/i-Saclay 
group23) who found a peak in 
the mass spectrum of both 
K"pt + and (A3n) + at very for-
w.-:d x. The results of al] 
those K~p" + experiment? are 
summarized in Fig. 9. There 
is still some model depen­
dence inherent in those 
points because of finite Ax 
region explored and the re­
quirement of an electron 
trigger for some of the data. 

It Ir- clear from Fig. 9 
that t̂ c UCLA point does not 
appear compatible with other 
measurements unless some 
anomaly occurs near x=l. 
This would be very hard to 
understand simply on kine-
matical grounds as even moat 
diffractive models would 
tend to give sivpre.^sion of 

MASS lGev/c2) 

Fig. 5. K~pn + and b) )Ty>T~ mas 
spectrum from the l.SM experiment 
<K~ trigger). 



.8 L.'.0 2. 

Kit;. &• K p- spectrum from the 
SRI experiment (K" trigger). 

Fig. 7. K pn mass spectrum from 
LSM experiment with the e~ (a) and 
(b) trigger and the K̂ p-n" spectrum 
with e + (c) and e" (d) trigger*. 

.' c production in that region due 
to the largu mass of A c and accom­
panying D. Ignoring the CCLA 
point we can extract a rough esti­
mate of the total cross section bv 
assuming a typical diffractive 
picture of flat x dependence up to 
x. \ 0.7. c t o l will then be given 
by 2-0.7-B—/B. Taking 5ub for 
Bj=- and 2.2i\.OX for K~PTI + brandl­
ing ratir>3D v t obtain 320ub for 
o-p. This number should be compar­
ed with o TB(A c

+ - A3*) " (1.0:0.3)uh 
extracted with the help of a dif­
fractive production model by D, 
^iBitnnto32) f f o m a different sub­
set of the I.SM data. No good data 
exist allowing one to relate 
branching ratios for these two de­
cay modes but it is unlikely that 
F(AC • 3r) is less than 1".. Thus 
we are faced with a discrepancy ol 
at least a factor of i . 

We must remember that we have 
to add the D and F production to 
the above numbers to obtain total 
charm cross section. The indica­

tion;-, from SPM are that the D 
„ cross section20) is also around 

= .'Vpral hundred yh implying a 
total charm cross section in 
the vicinitv of Imb, i.e. l\ 
orders of magnitude above the 
cross sections observed at 
»s = 27. Is that reasonable 
and can it he easily under­
stood? Let us examine some of 
the possible mechanisms for 
this difference: 

1. Standard <i(T» diagrams 
would predict onlv a factor ol 
2 or so between -s = 30 and M). 
A possibility is contribution 
from a different process te.g. 
bidden intrinsic charm in rhc 
nucleon53)) with 2 3harp 
threshold near rs - 30. Tin; 
assumption about a threshold 
appears slightly artificial. 



F\R. 8. K p^ spectrum from the SFM experiment with the e 
trigger. Insert shows this spectrum with the e + trigger. 

A dependence could be closer to A 0 ,'' for diffractlve pro-

tainlv 
tlvltv 

making 
posslbi 
epen at 

Verv low semlleptonlc branching ratio of A (cher 's cer-
some evidence for that - see above')) would decreiifle the sensi-
of the beam dump and CIT-Stanford experiments. 
The error on A c -* K~pT + is still rather large. 1'* JS a 

ng ratio larger by *>- 50X certainly cannot be excluded. 
ch of th»?e effpcta could certainly contribute a factor of 2-3 
the croSi section difference much more reasonable. One outside 
lity thai has to be considered is whether the effect that is 
the 1SR is really a /.c as opposed to a non-channed resonant 



state. It must be remembered 
that K"pn 4 is not an exotic 
state, and thus does not con­
stitute a prima facie evidence 
for charm production. The 
association with charm is 
based on 

a) 

state 

w width of the 
e 
b) absence of negative 

c) 

^> J-

r 

mass comparable to 
A c in e Te - annihilation 

d) association with 
electrons. 
The first two pieces of evidence 
are really not very strong. 
Narrow nor.-ct.arm states have 
been seen, and positive states 
are expected to dominate in pp 
collisions in the diffractive 
region. The latter is empir­
ically observed for I( 1 38i). 2 ^ 
The mass question has been a 
source of controversy for some 
time and it might be worth­
while to consider the new 
contributions on this subject. data. 
The masses of rtc have varied 
from 2255 to 2290 MeV but the recent data appear to favor 
2285 MeV. To summarize the recent measurements we have 

- * • • -

Summary of the ISR K"pr 

M, 

M. 

- 2.285 

• 2.281 

0.006 GeV 

0.005 GeV 

SPEAR 31) 

rp (CIF) ->!•) 
In add i t 
t h e neut 

a ) 
A , + and 

to 
of 2 .285 

c) 

ion there have been 3 contribu"tons to this conference from 
rino experiments that favor this value, l . i . 

0.010 in vD Interactions in 
,-36) 

a mass peak observed at 2.275 
Kgp (see Fig. 10)35) 
2 completely fitted events from BEBC' 
: 0.005 and 2.280 i 0.003 GeV 
a fully reconstructed BEBC TST event 

giving K r^ 
37) 

P ' 

1 K pti 
giving M. * 7290 I 0.003. 

c 
In contras* both I.SM and SFX give consistently values around 



:.?f>(l GeV. It is hard to visu­
alize a mechanism that would 
give a shift of 23 McV (out of 
a (J of about 700 HeV) without 
at the same time significantly 
affecting the width. 3 8) Thus 
In my opinion the case for 
identifying the LSM and SFM 
effects with A c as opposed to 
for exanple 1(2250) rests 
mainly on the association with 
electrons. As th? reader can 
Judge from Figs. .' and 8, the 
statistical significance of 
the difference in the 2 re­
spective sets of histograms 
(between e~ and e +) is quite 
st ronj; (especially for the 
SFM data>. The charm haryon 
hypothesis appear:; the most 
likelv one; the mass question, 
however, has to be resolved 
before the issue can bo put 
to rest entirely. 

P Product ton. The SF?[ 
group has previously pub-
1 ished-'l) evidence for D + 

Te?"ns, ac observed in the 
deciv chain D + - K*<^ + - K"" +" +. 
suit were the large crissi section 
used), strong association with tht 
and a flight mass shift: 1.91 CvM 
value. 

The same group presented at t 
evidence for D n - JC- + at /s = 63 
e~ trigger. The LSH group pre­
sented 9rj*i confidence upper 
limits tor D production from 
their data with K" trigger. 
Their 2 most stringent limits, 
the 2 positive D signals, and 
the result from an older lepton 
pair (ev. and ee) experiment^' 
are summarized in Fig. 12. 
The comparison of the data is 

Fig. 11. K mass spectrum 
from the SFM experiment ob­
tained with the e" trigger. 
The smooth curve shows the 
shape of this spectrum taken 
with the e* trigger. 

5,oL 

Ac(2280) 
I 
It 

HJlrj 

Fig. 10. K p and AT mass spectrum 
from the vD exposure. 

The worrisome features of this re-
(l50-2000ub depending on the model 
• K* in contrast to the SPEAR results, 
observed ve, l.toS CeV accepted 

20) his conference a preliminary 6o 
CeV (Fig. 11) observed by using an 

^ K 
^ 

% 



fs 
and p; oh' 
ISR 4<» is • 

Fig. 12. Nummary of the ISH I) and I) 
data. The shaded bars correspond to 
the upper limits from the l.SM experi­
ment . 

u 
'Jl.H, t+U 

made difficult by the fact 
that the semileptonic brAncli-
ing ratios pi" different charm 
particles arc now known to be 
quite different. 1' 3 9' Chilln-
garov et .il . , however, as­
sumed 10* BR (or both l)° and 
II*. A dominant production of 
11°(D°) near x n 0 would be on.-
easy way to resolve the appar-
eti* controversy. One should 
probablv end this discussion 
hv noting that the high e/« 
ratio at low : 
served at the 
sistent with the charm pro­
duction cross section of the 
order of several hundred 
microbarns. 

3 . Anomn L l_es JincM)^Sj 
crepancies • I would like to 
conclude this chapter by dis­
cussing 3 experimental results 
that are either anomalous in 
themselves or for i-Mch diff­
erent experiments do not give 

a consistent answer. 
a) The CHARM collaboration 

'"' in their beam dump experi­
ment sees a 2. Vi excess of nu-u 
events for shower energies 2 • 
Esh ' 20 CeV, anove what one 
would expect ( mrr. i'D production 
normalized to Es|, 20 GeV (rig. 
II). SpeciIical )v * he excess is 
5'.-|9 f s u t i M i r a J ) - 9 (system­
atic) events. Due to instru­
mental reasons, the other experi­
ments cannot i n w s ! igate ldent i-
cal region, the closest compari­
son being with the C'fiHS experi­
ment who applv a lover nut on 

<it E-
W 1 t h i 1-

SH f.eV. 

Fig. 13. Visible energy distribu­
tion of no-u events from CHARM 
experiment (muon NC events have 
been subtracted). The curve shows 
expected contribution to electron 
neutrino interactions from W derav 

data are cons is 
tt'ni (Fin- -•'•) with the predic­
tions basi'd on DJj production. 

b) There are some indica­
tions that thf- .,,/'.,_ ratio mav 
not be equal to unitv. The re­
sults of the- '1 beam dump exptri 
ineiits are summarized in Tab! 
That ratio , an he obtained t> 

II. 



Fig 
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di'fer. 
t« and 

by using prompt v y rate from 
extrapolation technique (compari­
son of rates at 2 different densi­
ties) or from subtraction method, 
where one uses a nhowcr cascade 
calculation to obtain the contri­
bution to v flux from IT and K 
decay. 

One should emphasize here 
that the systematic errors for the 
3 experiments are quite similar 
and are probably In the direction 
of overestimating the v y flux 
(beam scraping or hadronic cascade 
leakage from the front part of the 
target would certainly have this 
effect). The second relevant ob­
servation here is that according 
to the BEBC 2 5> and BEBC-TST 
groung,*') this deficiency of vfi ' s 
(if real) cannot be explained on 
the basis of v e -1 v T oscillations. 
The conclusion is based on the 
observation of the expected (with­
in statistical errors) number of 
v e -* e events in the narrow band 
beam, where the absolute flux of 
v e's is known relatively well. 

c) There is a question as 
to whether the lepton charge ratio 

nt from unity. The results from both the beam dump experl-
the CIT-Stanford experiment are summarized in Table III. 

20C 
I tie'. > 

o-u e v e n t s from CDHS 
(muon NC e v e n t s have 

r a c t e _ , . S o l i d l i n e 
p r e d i c t i o n from c e n t r a l 

t i o n and d e c a y . 

T a b l e I I 

crms 

CDHS 

CHARM 

CHARM 

CHARM 

I1EBC 

v e / \ R a t i o s f rom CERN Beam-Dump E x p e r i r a e n 

C r o u p v e / v Ra . S t a t i s t i c a l S y s t e m a t i c 
it i f 

0 . 7 7 

0.5B 

0 . 4 8 

0 . U rl 

E r r o r 

? 0 . I 8 

- 0 . 0 7 

±0. 12 

20.21 

•0.11 

Error 

+0.35 
-0.21 

±0.24 ExtrapolatIon 

±0.19 Subtraction 

*0. 10 Subtraction 
(CCve fr>m prod model) 
ExtrapolatIon 
(CCve from prod model) 

±0.03 Subtraction 
(CC e directly identified) 
Subtractlcn 



Table III 
Lepton charge ratio froir different experiments 

Ratio Value Statistic;! I Systematic 
Error tiror 

cms V% n . i : 

CDHS v > , 0 .56 

CHARM ">,, 1.1 

CHARM V% 1.8 

BEHC *>„ 0 . 7 5 

BEBC ..;/-.. 0 .76 

CIT-St anforil u-/ , . + 1 .'.( 

+ 0 .20 iO. 12 E x t r a p o l a t i o n 

t o . n q 10. .13 S u b t r a c t i o n 

* o . 5 
+ 0 , 
- 0 . 

+ i . i 

.U S u b t r a c t i o n 

E x t r a p o l a t inn 

+ 0 . 1 2 S u b t r a c t ion 

' ) . 3 5 S u b t r a c t ion 

* ( ) . ; . V x t r a p n l a t Km 

Clearly the largest, and the only really sign' f leant departure 
from unity, occurs for the CDHS extrapolation resul*. The depei.dpnce 
of the v and v~ fluxes on energy is displayed in Pig. \t>. Note that 
this Figure displays observed events, i.e. the ratio i>f v~/vL cross 
sections (0.48) has not heen taken out. The discrepancy between the 
various beam dump experiments is due mainly to the low densitv . 
point, as can be seen from Fig. 16. 

It should be noted that there is nothing fundamental about the 
charge ratio deviating from unttv. A variety of mechanisms, like ' L. 
production or urequal U*,D" cross section could alter this rat if 
either by virtut of different .~.^-ri leptonic branching ratios or differ 
ent x dependence. 

In summary, several potentialtv Interesting effe.ts are suggested 
by the data. More detailed experiments an- needed, liovcvi-r , to ex­
plore and answer these questions. 

CHARM PRODUCTION BY PHOTONS AND MUONS 

We discuss these two topics together since the charm productions 
by muons occurs via virtual photon mechanism. Thus the plwsir.s ex­
plored by experiments with these 2 beams is quite similar. Schemat­
ically the outline of this chapter can be Indicated as fallows: 

_̂,-. * specific states 
^ r High energy^' ^ 

Phot production Cf ^-"-'.T ) - charm + \. 

Low energy 

We shall review first the high energy experiments, discussing 
both the rauon experiments that stud.- charm product lot, via their iminnit 
decay modes and the photcn experiments, in which speci'ic states are 
Studied via kincmatical reconstruction. It Is interesting to compare 
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r , - t r e _ a n d 
i I;HS t'Xp r m e t 
rapo . i t i n mt 

forward ( i . e d i f f r 
I.iM r a r h e !• i d l y 

- ; ; ) " o t h e s i n g l e 
t o o n e f r o m c h a n t 
."ha ii' p , r t i c e s . T 

n r K s i i t h e hadri.n 
t u r n f i V f r o m the av 
unrf rem t h i s source 

d a t a g e n e r a ] 1 show 
F i g . 1 ' , w h e r e t h e p 

t h e e x p « c i m f n t a I d i 

the data with the predictions of 
the photon gluon fusion (igF) 
model. 4 2) This model, based on 
tlie lowest order QCD diagram (Fig. 
la) is the QCD analogue of the 

CH' ; familiar Bethe-Heitler process, 
the only difference being the re-

! placement of the virtual photon 
J by a gl-jon, Tlius with one vertex 

presumably determined by OKI), the 
data can be used to extract the 
gluon distribution in the nucleon. 
A useful point of view is to look 
at this model a? predicting a 
strong correlatiin between the c 
and c quarks in the sea, since 
they originate fro* the gluon 
dissociation Into a cc pair. 

The muon and photon experi-
mert^ are complementary, in so f̂ r 
that the former are capable of 
providing very good statistical 
information at the expense of some 
of the detail; the latter, on the 

I other hand can study the dec-nils 
7 of specific charm final states. 

_-*6- j The muort data originate from 
2 experiments, the Berk«ley-Fermi-
lab-Frincet on col laboration''^) 
(BFP) and the European Muor. Col-
lahoriitlcm^) (EMC). Because of 

' the design meant to specifically 
emphasize multimuon final states, 
the BFP experiment has much better 
statist ics (1-20072 2u events to 
be compared with 497 from F-MC) 
and an experimental advantage of 
absence of any desensitized region 
in the detector. Both detectors 

active) production region. The re-
summarized as follows; 
extra muon (i.e. 2u) final states 
production followed hy muonic decay 

The remainder results from the muonic 
ic cascade and can be calculated 
ail.ibl experimental data. The esti-
is shown as inverted histograms in 

>od agreement with the >gF model 
lUtions of the model (curves) are 
ihutions from which th*> *, K decav 



c) The observed diifrac-
tive charm production can nc-

! count for about 1/3 of the total 
c n H S Inclusive scale non-invariance 
W B C in the kinematic region JeHned 
CMA«IM A , bv 2 ' 0 2 ' n CcV2 and 

T* 1 50 • v - 200 GeV.^M 
d) The data appear to re­

quire variation of t!ie cross 
% I section with the photon enerpv 

(•-), as demanded by the 1&V 
model. Energy Independent rtnHs 
section does not reproduce the 
data (dashed line In Fig. 17aJ. 

i. e) Photon charm rross sue 
" tion values have been extracted 

at two energy int erv.i Is , i.e. 
? v - 7S0+|^jj nb at r\ •= 178 CeV 
and o 1 - 560^9[{ nh m E^ = Kid 
' °V. Tbe rise with energy is 
statistirallv significant. 
As - I SO4" 3A nb because of common 

•• systematic 'errors. 
, f) I* might be interesting 

tn compel re these numbers with 
Fig. 16. Comparison of CC.u rates the total photon hadronlc cross 
as a function of density for tht section rise of about U ub he-
1 CERN beam dump experiments: rween 40 and 130 r.eV> 7 ) 0' 
a) i>~ , h) u +. course, other processes are 

known to contribute also to this 
rise, one ol which is presumably non-diffract1ve charm production to 
which the PFP experiment is Insensitive. 

similar conclusions have been reached bv the EMC CM 1laboratinn 
from the analysis of their 2u events."^ Thev have compared their 
data both to the struck quark model (charmed quark densltv in [he 
sea taken from the paramet r Izat ion of Ruras and r.aemers^)) a n d to 
the -YgF model. The first model predicted cross s-ctions about a 
factor of 5 higher than observed, the latter ga'-.' excellent agreement. 

The EMC collaboration has also analyzed tbeir la events with the 
go^l of extracting cc production and their nubsequent douhle muonic 
decay.^ ExperImen'ally, this Is a more difficult problem because 
of the need to eliminate both the electromagnetic trident contribution 
as wel 1 as cunt rlbut Ions due to vector meson (. , i , 'j elf . ) 2,. decay. 
These backgrounds can be eliminated to a large extent bv twt> cuts, 
i.e. 
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Fig- 17. 
Comparison of BFP 
2u data with the 
predictions of 
the "rgF mode.]. 
The inverted 
histograms show 
calculated 
contributions 
from n and K de­
cay; the upright 
ones show the 
data with that 
background sub­
tracted. 



Vhtf of tlu cuts 

Fig. 18. Hissing energy distribu­
tion for the 3 different HUii 

ranges lrom the EMC experiment. 

is demoTistr.itci) in Fip- 18 
where one liisplavs the missing 
e n e m y dist i Unit Ion. The lew 
mfitis events, dominated main y 
by low mass vectfi;- meson and 
trident conL ributlons, and 
high mass events, principally 
'J-/.I, show a missing mass dis­
tribution reasonably consis­
tent with zero. The events 
surviving the cuts, however, 
show a definite positive value 
of nlssing energy, E^isg - *.4 
GeV indicative of 2 neutrinos 
accompanying the 2 decay muons. 
i» different kinematical quan­
tities from the accepted 
events are displayed in Fig. 
19. Again the fit to -*tf 
m'.del is very good; the dashed 
curves show the estimate of 
the background due to double 
v and V. decay. The ygF fit 
used A = 0.^ GeV, m c = 1.5 
GeV, and the conventional 
gluan distribution nC(n) =• 
3(l-n)5. 

These data can be compar­
ed with the results obtained 
by the Columbia-Illinois-

i production by a broadband pho-
acceptance of the 

Fermilab collaboration studying chan 
ton beam. The energy distribution of the beam, 
apparatus, and charm production cross section are such that most of 
the data come from events with E-, > 80 GeV. This is very similar to 
the v > 75 GeV cut imposed by the BFP group. The apparatus is also 
sensitive nainly to tht forward profluct^n of the charm particles. 

Clear signals for A c , A c and D* -»• i •. seen. The charmed 
baryone are identified by their p(p)K° d lade (Fig. 2 0 ) . No 
significant peak is seon In any othe.- fin,. ate with the same 
quantum numbers. The D* •• DTT decay chtin is identified by lool.lng, at 
the invariant mass difference between a K(nn) and K(n-1)T system 
where n • 2 or 3. The events with the mass difference tn the vicin­
ity of 145 MeV are then c a n d i d a t e s f o r this decay chain. The mass 
plot of the K(n-l>Ti system (i.e. K'n-* and Kgu +Ti~) for those events 
shows a clear peak (Fig. 21) at the masses of the D° and D*. In 
addition, a 2u signal is seen (not shown) for the inclusive D ° pro­
duction by looking at K'+TI1 mass distribution. 

The details of the production process again appear to be consis­
tent with the diffractive production of u charm-anticharm pair and 
can be understood within the framework of the TgF model. The specific 
observations thai: allow one to draw these conclu. Ions are the 
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following: 
a) witlii" statistics 

.'ir and A c production cross 
sections are equal. 

b) Charmed baryiui 
appears to take about half of 
the T rav enerpv: E /E = 
0.52. c Y 

c) The numbers of ob­
served D*+ (61 + K ) and of D*-
(6f>.tl5) are equal within 

v-n *%l.- \ 

Fig. 19. Comparison of the EMC 3u 
data with the predictions of the 
tgF model (solid curves). Cal­
culation of background from n,K 
di.-r-i.vs is indicated via dashed 
curves. 

d) The P signal appears 
only in association with a K 
of opposite sign i.e. there 
is a K ~ T + peak at the maps of 
Che D* if a K"1" is identified 
elsewhere in the event. No 
signal is seen in association 
with a proton or antiproton, 
or K of the same sign. 

Finally we can say a 
word about cross sections. 
The data are Insufficient to 
say anything about the energy 
dependence in the region under 
study. For the purpose of 
extracting numbers, cr"ss sec­
tion was assumed to be flat 
over the whole energy range 
covered by the experiment. 
The deduced cross sections 
for the specific channels 

ning BR for A 

D 390 190 nb 

1 tive. production_rates 
1000 nb at 

If wp make a reasonable assumption that the 
D'1 : D + : .'.c : F ' 2 : I : I : I we obtain o-c L r | n ^ iw« »u «>- - T -
165 CeV. This number can be compared with BIT value of 750+1§Q nb at 
v a 178 CeV. We should stress, however, that both experiments are 
mainly sensitive Co the forward production region. 

The production mechanisms appear Co be quite different at lower 
energies. The WA4 experiment at CERN has s,tudied52) t n e photoproduc-
tion L/f charm particles using a tagged photon beam with E < 70 GeV 
and the .1 appar-itus that has considerably larger acceptance at wide 
angles than tl1,.' CIF spectrometer. The most relevant features of 
cheir cliciu nations can be summarized as follows: 

http://di.-r-i.vs


Fig. 20. pK; 
from Che GIF 

best estimate 
add here that 
associated w 
Btitute more 
F photoproduc 

a) A statistically signi­
ficant 5° peak is observed tn 
K+TT" and K+TT-TTO spectra but nc 
comparable peak Is seen for 
the charge conjugate states 
(Fig. 22). 

b) Thi3 enhancement be-
^imes especially pronounced 
when one looks only at the 
events with an associated pro­
ton (Fig. 2?a). Similarly the 
Kgit+tT (Fig. 23b) and Kgn-ii0 

combinations pea., at the D° 
mass if one demand« a similar 
association with the proton. 
Thus Ll' i natural explanation 
if the charm production via 
an associated production 
mechanism YP ~* ̂ C D , A c 

subsequently decaying to a 
proton. No statistically 
significant enhancement at 
the A mass is seen however in 
any (An's) , (Kpn) + , or K°p 
combination. 

c) There is evidence for 
F's In n + u's channels (Fig. 
24). The n's are identified 
by their 2y decay mode. The 
majority of the F signal in 
the n5n system appears to came 
from the n' 3n. The parameters 
of th<? V observations are 
summarized In Table IV. The 

for the F mass is M F => 2.n?D - f. .010 CeV. due should 
of the 3 Identified F decays in emulsions,53> nor.fl is 
th an n. Thus n + it' s dec;iy modes probably do not coti-
than 50% of the tots, decays implying a re-isnnably large 
tion cross section of ab'mt 200 nb. 

2.205 2.405 
MASS (G*V) 

2 .60b 

and pK mass spectrum 
experiment. 

Table IV 
Summary of (he F -» n + n's observations 

M o d e 
Width 

Expec ted 

ll Observed 
Mass (GeV) EFf lc ency Bo (nb) 

THT 75 108131 2 . 0 4 7 1 . 0 2 5 . 0 ' 12 1 3 

n3ir 50 38124 Z .OZL ' .O ' . 1 .10 60 • 15 

Tl* 3lT 40 48134 2 . 0 0 8 1 . 0 2 0 .05 20 I 8 



Fig. 21. K ft- and Kg""*"*" mass 
spectra from the CIF experiment ror 
events with Mj^n - M K ? B (or MK2T " 
M K r ) around U"j MeV. 

the lower energy range the assoriiited p 

d) The following cross 
section estimates have been 
extracted from the data (I 
summarize here only the most 
significant ones). 
o(-yp - D°X) = 513+160U00 nb 
O(YP - D°X) < 450 nb % level 
a(YP - CD°X) = 5i0 ± 220 nb 
o(YP - CD"X) = 450 + 310 nb 
(in the last 2 estimates C 
stands for any charmed baryon, 
one assumes central production, 
and branching ratio 
C - p + X of 50%). 

e) The inclusive D° cross 
section has also been evaluated 
as a function of energy. It 
appears ft rise steeply over 
the explo ed range of 
20 < Ey < 70 GeV (TLg. 25). 

In conclusion we can say 
that the charm photoproduction 
appears to he dominated by 
different mechanisms in the 
different energy regions. In 
oduction of CD in the central 

V-— , 
'% Vf, 

V. 
\ 

• t n , 

\ 
*v» 

1.683 1.863 2.043 
MASS (Gevl ,. .., 

Fig. 22- K r and K T, n° (a) and K~if and K n 
spectra trom the UAi experiment. 



1.565 2.313 

p'lj. !'• . V.ass spectra of the 
n + nir systems from the WA4 
experiment. 

Fig. 23. K + : T and K + T " T T ° (a) and 
K°n +Tt~ (bj mass spectra from the 
WA4 experiment for the events in 
association with a proton. 

1.713 I.SG3 2.013 
MASS (GeV: 

region appears predominant; at 
higher energies the diffrac-
tive mechanism arrears tc ake 
over. The arctjun.. of associa­
ted production at hi£'-<?r ener­
gies is uncertain because of 

the poor acceptance of the CIF spectrometer for this process. One 
should add here that the preliminary results from the F R A M M collabo­
ration-*^ working at medium energies support the diffractive produc­
tion mechanism although their trigger and event selection criteria 
strongly bias them in that direction. On the other hand the only 
fully reconstructed emulsion event of charm p h o t o p r o d u c t i o n " ) i$ a n 

example of associated production with E-y - 25 GeV. Finally, the 
Vector Meson dominance hypothesis makes predictions about the ratio 
of elastic iji to open charm photoproduction. 56) i n e results of the 
BFP group would imply *-hat non diffractive charm production must be 
at least comparable in magnitude to the difirai.;ive production. 

NEW FLAVOR PRODUCTION BY NEUTRINOS 

it has been only 6 y.-ars ago since the HTWF group rej-orted at 
the London conference observation of 2 u v" events from neutiino 
interactions.^ 7' This first ndication of charm production was the 
beginning of an intensive effort in this field which has led to the 



— - presentation at this cunfer-
L:wf ..v the CDH5 group of re-

I suits based on some 10000 
"'"'' " i ' ^+^~ events*. * 8 1 Such large 

statistics a] lev one to •uu-'v 
in detail the structure func­
tion of the strange rea and 

/ the resu ts of this analysis 
"S" - J - have been presented in 

Sciulli's rapporteur taik. In 
this review, I shall concen-

2 | trate solely on .he neutrino 
I production of lepton pairs of 

.o , %. __ the same sign, as this pro-
i cess might be an indication 

of a production mechanism that 
is also relevant in photon and 

*~~ hadron processes. 
! First evidence I T dimuon 

•' r events of like sign has been 
j published already some time 

ago,^9' At this conference 
extensive ncv data on this 

. j_ _ channel has been presented by 
: . L. ._. _.. ___. the CFNRR collaboration:60^ 
" J." r> 3̂ ' in addition some first posi-

• * i* "̂- _...; tlve evidence for ve events of 
_., some sign has been presented 

Fig. 25. Dk cross section as fur.f- by the IFIH collaboration6!) 
'.'•—n of energy fron WA4 experiment. studying v interactions in the 

15' BC at Fermilab. The data 
on dimuon events as a function of neutrino energy is displayed in 
Fig. 26. We see that the ratio of (ii*u*) /u+M~ is reasonably con­
stant at about 0.1; in addition the rate of dimuon events is abo-it an 
ordci of magnitude higher than the prediction based on associated 
zharm production using a tirst order QCP diagram.6*^) 

Two contributions on sane sign ue events have been received at 
this conference. The BFHWW collaboratlon6^) quotes an upper limit on 
u~e~/j:~ < 5 x l')~4 from v interactions, baaed on observation of 4 
u"e~ events with a calculated background of 4 events. The cut on 
electron momentum is P e "• 4 GeV. 4 u + e + events have been ob.>-rved hv 
the IFIH collaboration in v interactions (P e > 0.4 CtV and expected 
background of 0.8 events) giving * ratio of u +e +/u + -• {b.b+j-pxlO-*. 
A very interesting feature of these events is that 3 of them'are 
associated with a V° (2.\'s and I K°) . The IFIH point is also dis­
played in Fig. 26 but it should be mentioned that it is not directly 
co-nparable to the „'- points since the electron momentum cut fa con­
siderably l.ver than the typical muon cut (generally p., > 9 GcV). 

Lhe leptons of the same sign could be an indication of associat­
ed charm production with a rate considerably higher than expected on 
the naive grounds, a first evidence of r.ew flavor production in 
neutrino interactions, or presence of as yet unexpected new 
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phenomenon. Mort' Jetai I and 
better statistics will be nec­
essary to resolve this ques­
tion. 
STATUS OK HEAVIER FLAVORS 

A year ap.o there was pre­
sented a preliminary evidence 
for the production of a bottom 
meson decaying via B - vK" . 
The WAI3 group has now in­
creased their statistics tour-
fold to abcut 400(10 .!/ii event;: 
and find that the pp.ik lias 
disappeared6^) (Fip. 27). 
These data and iiK" mass pict 

Tin it*. 

>L..i_ 

Fig. 26. Summary of like dileptan 
data from the neutrino interactions. 
CFNRR points for u +u~ are also shown 
for comparison. The curve is !st 
order QCD prediction (ref. 62). 

This limit, obtained from 185 GeV 

(not shown plvi upper 
on these 2 dcc.i> modrs 
,-Bj • BR(B - M: ItV) 
nh/nncJeon 

<VB ' B R l B - J'v K"I • 
nb/nucleon 

Fig, 27. Mass spectrum of the 
J/IJI YP-a* system from the WAll 
experiment. 

h6) 
There have : een estimates 
that the first decay mode 
should have a branching ratio 
of about ) % , which would trans­
late into a total production 
upper limit of c.,Z * 51 nb. 
T~ Interactions, can be cempar-

ed with upper limits obtained 
inn different techniques from 2 
other experiments. The Prinreti.-n-
Chicago group, 6 7' have obtained 
°Bb * B R ( B "* J j / C + X ) - °-2,i n t , / 

nucleon for 225 CcV *~ interac­
tions. This limit is very sensi­
tive to the B - u branching ratio 
(assumed to be 18"'.) as the experi­
ment involves search for .I/v in 
association with a high p T mtwm. 
A reasonable assumption of 2'/. BR 
lor the J/ii1 + X inclusive decav 
mode would translate the result 
into an upper limit of o 3g - P r.b. 
Finally, the Cal Tech-Stanford 
experiment66' has set a limit of 
a BB < 50 nb for 400 GeV proton 
interactions by looking for a 
variety of multimuon final states. 
These numbers should be compared 



r with a first order (J('I> prediction 
o! a cross section in the neighbor­
hood of a few nanobanis. 

^ ' • PRonrrnoN or noisii n^voR.s 
I1'' . ' 

_^_- (, 3 C . \ Kror t h e phenomenologic . i l 
£ I \ • p o i n t of v i ew, t h e hound he::*- f l a -
5 • S«'D-«"3. • '• v o r Htati'.s -ire made hv t h e s a m 
-& \ ' Mod of d i a t : r a n s as t h e utihounu 

IT* ' \ ' s t a t e s . The fundamenta l .! i t I e n - n c e 
J ' ^ 'x , ' i s t h a t the i n t e g r a t i o n ever t h e 

^5 v--.,̂  , e f f e c t i v e mass of t h e c . c quark 
O : ! "''-... '. p n i r c u t s ot f at 2 m n ( f o r charm 
*' \ ~"j s t a t e s ) and t h a t c e r t a i n i l ia^rarns 

* ' . ire f o r b i d d e n if a l l the r e l e v a n t 
' "" * " quantum numbers a r e t o In- . onse rved 

? 6 ? e - \ r ^ U . P . C ) . 
** Wi« ,r. • n ) .̂  S l, l i r c h, There st.ll 

Fig. ^- LVrt'r Units las a t s m i evici.'iu-t- tor production of 
Uip.-tien of - ir„- :s> for "'c ™ t l i i ( i , i of e + f annihilations. 

<,, A search at Fermi lab using the- de-
R t"- ' : : 1 d^ %••=•• ' !'*' l i n o d l'v I.MV node *,. - i: has Yielded nega-
the^ermilah-Stonvbrook collab- < l v t' r c B u l " - h , ) T h f" l l m l t , i a* ;' 
oration, tunc lion o! mass are dlsplavrd in 

ViK. 2H together with earlier re­
sult*, from BrooV '-.v. en <-~p * ::i) ar.d Serpukhov '-~p - • "> n) experi­
ments, sealed to thi rt-r- i lab c-nerav rep inn. I.ipkin' " has suggested 
that - - BR (J '<. - e * D ' z • RR<-. • : ; ) . That would make ]ir^ cm 2 

.in interestinc 20a'. to strive ftr. IT. addition, ,\ low cnergv RN1. 
experiment 7^ (13 CeV) reported at this conference a limit of 2<-0 ph 
for .- - BR for the- process -~r. • - fn , -, - ,-, . 

iionproJuct ion. The PFP group present ed?2) an upper limit M . iriionf roJuct ion. :ne f«r >' group p resent ed ' <- ' an upper ilmi 
tor 7 production via 208 i.eV-c :uions. Their 402 CI. number for the 
process "UN - „TN)3(T - ,4'."i is T . 2 x 1 0 " ^ lT,- to be cnnrired wit 
the prediction r* the ,pF wodel D! (i.Ol.?) x I il" ̂ ^ ĉ i'. 

c) J/y r.nd ~. hadroproduct icn. The data for these processes .ire 
now becoming quite extensive and iilow rather detailed comparisons 
with various phenoTnennlopical model''.. 1 shall limit nrvsell here to 
cesc- hinii some very genera! features <:•: ther.e reactions which have -: 

bearing on various prod-.tion r.i.'chanisms. Speci f ica 1 lv . I shall 
summarize the cross section data for various beams, the x dependence, 
informal i.-m on intermediate states, and the decay angular distribu-
t ions. 

Additional total cross sections measurement;; for Xp • 0 for M\ 
and '. production bv pions have been reported bv the NA"i col lahtMat ion. 
'-* T^fiecher with the older measurements they art displayed as 
y.1-? in Ftp, 29. For comparison, I have also included lines indicating 
the approximate dependence of the mime variable in the proton induced 
rcait ions. 

The dependence of the cross section on the nature of the 'ncident 
bean, is interesting because it sheds light on the relative importanre 
of the quark-ant icjur rVr vs. gluon-giuon fusion mechanisms. Naively, 
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oecause of the 
M2 

Fig. 29. Cross section for J/* 
and T production in r nucleon 
interactions plotted in tetms oT 
scaling variables. For comparison 
lines corresponding to production 
by protons are also shown. 

Fig^ 30. Ratio of o(pN •+ j/$ + X) 
/o(pN •+ -T/IJJ + X) as a function of 
incident energy. 

relationship 
Xj, we would expect the 

gluon production mechanism to 
become more important at higher 
energy, since the gluon spectrum 
is rather soft. Furthermore, at 
lower energies, ^' where qq 
fusion might dominate, the cross 
sections for beams of particles 
containing appropriate valence 
antiquaries vculd be expected to 
be higher than for the particles 
without such valence quarks. 
These features are indeed demon­
strated by the data shown in 
Fig. 30 where wc plot the ratios 
for J/C production in the proton 
and antiproton beams. FDT gluon 
fusion dominance the c /cp ratio 
should approach unity. These 
qualitative features are also 
demonstrated in J/C1 production 
by 40 GeV K beans where we have 
O K + / C K - - 0.29 * 0.07 and in the 
relative production of T by IC* 
and TT+ beams 7 5 5 at Z00 and 280 
GeV where o K+/e i r+ ™ 0.10. Note 
that the valence antiquark in 
IT*", i.e. s, cannot annihilate 
with any valence quark in the 
nucleon to give a ,1/ii- or an T. 
As might be expected, the r + - n" 
ratio for .J/UJ production is 
consistent with unity. 

The importance of the. gluon 
mechanism in 150 CeV " _p inter­
actions is demansf;ated by the 
analysis?0) of :he x p distribu­
tion of the 'J/I|I. This distribu­
tion should be determined en­
tirely by the pion and nucleon 
structure functions if qq anni­
hilation is dominant. The data 
are compared to the theoretical 
expectations in Fig. 31a,b where 
NA3 structure functions have 
been used in calculating the 
expected curves. The agreement 

is quite poor and should be contrasted with the situation in Fig. 
31c,d,e where the data were fitted to the gluon-^luon fusion mechan­
ism assuming for the gluons the functional form 



FiR. 1\ . Xp distribution for J/ij. production (points) 
from the KA1I experiment at different energies compared 
to quark-quark fusion prediction (a and b) and gluon-
gluon fusion fits (c,ti,e). 

ng^(n) \ (1-x) 

ng N(^) ^ (I-x) n 

The fits gave very reasonable values of m - 2.J t 0.3 and n = 5.1 ± 
0,6 and appear to reproduce the data quite well. 

The saT.e collaboration has also searched^7' for > rays associated 
with the J/it production. 2 experimental techniques were used to look 
for the photons: a Pb/sclntillator sandwich calorimeter with a mean 
energy resolution of 50?./<̂ E FWHM and a y •* e +e~ conversion (22 MeV 
FVKP1? either in Che Be target or in downstream scintillators and 
chambers. Both methods give 'iviuence for an intermediate \ state: 
the calorimeter shows 1 aroad unresolved peak (Fig. 32a) in the J/C-
i mass spectrum between 3.5 - 3.6 GeV which corresponds to 36 + 51 
of the ip's resulting from the x decay. The conversion technique elves 
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two distinct peaks in this 
region (Fig. 32b): the first 
one identified with the l-*-*" x 
(3,508) and corresponuing to 
19 i U% of all J/iJ» events, and 
the second with 2++ x (3.554) 
and accounting for 12 f i>% of 
all events. Using the known 
branching ratios for 
X -* J/* + y decay, these numbers 
correspond to a production cross 
section ratio of 

/ i 1.4 0.9. 

3.4 3.6 3.8 4.0 4.2 
M.h (GeVl 

The results of the calorimeter 
and conversion techniques are 
consistent with each other be­
cause of much different resolv­
ing power of the 2 methods. The 
total fraction of J/tl> proceeding 
via x intermediate state (i< J5%) 
is consistent with other measure­
ments both at Fermi lab and at 
the ISR. 

The decay angular distribu­
tion of the J/iJi has been stud-
ied 7 3) by the NA3 collaboration 
for n ~ production at 150 G<;V. 
The most general distribution 
has to be of the form 
dN 
cosO 1 + X 

For direct light quark annihi­
lation \ has to be near unity. 
The experimentally observed 
vaiue \ = 0.05 1 0.07 is con­
sistent with previous measure­
ments and argues tha* either 
quark annihilation proceeds via 
an intermediate state or is not a 
very important process at this 
energy. 

In conclusion, the overall 
picture is consistent with the 

dominant mechanism being gluon-gluon fusion, the growth in importance 
of that mechanism with increasing energy, and an appreciable fraction 
of the J/iii produced via an intermediate x state. 

d) J/<1> muoproduction. Partial results on this process have 
been published previously by both the BFP 7") and EMC?') groups. In 
general the total cross section for this process, when extrapolated 
to Q/ = 0 appears to agree quite well with rhe lower energy 

Fig. 32. Muss spectrum of the 
J/iji + Y system from the UAll 
experiment using a calorimeter 
(a) and spectrometer (b). 
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. . photoproduction experiments and 
| 1 the -fgF.fl°) The comparison of 
: '^ ^fiar * ^-iirt-~ " J- t h e P n o C p n ( i a t a w i t n t n e BFr" 

y % -f " results Is shown in Fig, 33; the 
.. i y i EMC results from 280 GeV union 

- A : run also fall on the drawn 
"•* f curve. 
' ' . To study the details of 
\ l w J the J/IJI muoproduction the BFP 
r i ' » iiN'.B̂ pi i group has performed a 3 Jimen-

: a >N ^ sional fit 4 5' In 0,*, and Q 2, 
where 0 is the polar angle of 

'' ' ','• j 0 ~ u + relative to J/\p and $ is the 
... V 1 angle between the lepton scat­

tering plane and iji decay plane, 
Fip. 3 3. Comparison of BFP J/c b o t h a n S l e s b*ing defined in 
muopi..d»ction points (extrapolated t h e h^licity frame. The data 
to Q 2 = 0) with the photon points u e r e f i t * " d t c 

and predictions of the >gF model 
(ref. 80). 

2 2 2 
,,.. ^. 1 -*- cos C + 2e R sin 0 - en sin 0 cos 2* 
U-'*> = ' T ? 

(1 + eR) (1 + Q M e f f ) 
Where t gives the ratio of longitudinal to transverse photon flux 
(c * 0.8 for BFP data) , R = o L/o T , and n - 1 if S-channel helicity 
is conserved and we have natural parity exchange. R was parametrized 
as either constant or linear in Q 2 and data were fitted Co n and 
A eff. The following conclusions can be reached from the fit: 

1 - s channel helicity conservation and natural parity exchange 
appear tro be valij, i.e. i- "remembers" photon helicity. 

2 - independent of assumptions about R , A eff is significantly 
smaller than m.̂  , typical value being 2.15+^*|^ CeV, This can be 
compared with the published EMC value 7 9) of 2.4 + 0.3 GeV obtained bv 
titting their data to C(l + Q 2 / A e f f

2 ) - 2 , C and ^ e f f being free 
parameters. 

3 - whei. R is allowed to vary linearly with Q 2 , i.e. R = 
•;2Q' m,.- , the best fit yields t,2 •= 4.6+i,'f . 

* -3.B g., 
The European Muon Collaboration has presented results on 

inelastic J/iJ> production with a total cross section approximately 
equal to that of the elastii J/* production. The inelastic events 
are defined as ones having moi"*» than 5 GeV deposited in the target. 
Thnpc events tend to peak =: v (Fig. 34) and have much broader 
pf distribution than the fci^ events. 

An effort has been it* rstimate the contribution to these 
events from the production . lgher lying bound charmonium states 
(ij>' and \). The differe: .hods indicate that only about half of 
the inelastic events come ..on that source. Their z distribution 
would tend to peak near high values in agreement with the data at 
the v dependence can be calculated using the -ygF model (Fig. 34b). 
It appears that the large fraction of events with v > 100 GeV must 



come from another mechanism-
Hard gluon emission by higher 
mass c-c pair Is postulated 
as one possible process chat 
could account for these data. 
PROSPECTS FOR THE FUTURE 

There are several second 
generation experiments either 
in the planning st' or al­
ready taking dat .at will 
elucidate some the ques-
cions posed abovt. However 
I feel that the main impact 
In the future on "naked" 
charm experiments will come 
from the technological devel­
opment that is at present 
going on in the field of 
good spatial resolution de­
tectors. The lifetimes of 
charm ground states are now 
established to lie between 
IO"*13 and 10" 1 2 sees; the 
«stimates for the bottom 
states lie between 1 0 " ^ and 
10""13 sees. Thus capability 
of "seeing" tracks In the 
range of 100-1000 microns 
would allow one to identify 
unambiguously presence ot 
short lived particles. I 
would like to end chis review 
with a few words about the 
present status of some of 
these detectors. 

a) emulsions. This i; 
the classical detector for 
looking at events with the 
ultimate spatial resolution. 

The price one pays, however, is quit" severe - many hours of painful 
scanning. Much progress has been done towards reducing this time by 
placing sophisticated detector equipment downstream of the emulsion 
target which then allows us to reduce considerably the volume that 
needs to be scanned. This plan of attack, however, is clearly 
limited in its potential scope either to beams where the heavy flavor 
production constitutes a high fraction of the total cross section 
(e.g. neutrinos where the technique has proven to be very successful) 
or to experiments where the downstream detector can preferentially 
pick out charm events either at the trigger stage (very hard) or in 

50 

20 

1 
- (o) inelostics 

1 1 
! 
1 

1 -
10 

1 
- (o) inelostics 

1 
-

r X 1 
i I 

- (b) Elastics : 
5 0 ~-
zo : /fi - t 1 -r f ~ 

10 
• / , I 1 -
I <Cl Total 

t \ : 
bO 

- i i ~-
20 - / -
10 

1 i -
50 200 

(GeVl 
Fig. 1U. v distribution of elastic 
and inelastic J/^'s from the EMC 
collaboration. The curves are pre­
dictions of the yg¥ model (higher 
lying charmonium states are used 
as sou.-ce of inelastic events for 
the purpose of the calculation). 

off-line analysis. Ochervise the scanninp effort a^ain -»ecomes 
prohibitive. Clearly at the root of all of these difficulties lit 

He 



the Intrinsic very poor time resolution of the emulsion and the 
great deal of time necessary to sccri even a small volume of the 
emulsion, 'he relatively small tar^/t size due to high cost of 
emulsion and its processing is al*<- a serious limitation on tht- use 
ol this technique in the neutrino .-xperiments. 

h) high resolution streamer rharaber. The pioneering work on 
this kind of a detector and the fir.it physics results have alreadv 
been published1"' by the Yale group. This is clearly not an easy 
technique but many complex technical problems have been alreadv over­
come and one can see a uay to improve considerably the state of the 
art here." 2' Clearly, the big advantage one has here over emulsions 
is the mucn better time resolution of the streamer chamber and in­
trinsically much easier scanning Job, one chat probably could be 
adopted to full automation. 

c) high resolution bubble chamber. This appears to p£ one of 
the most promising developments in the field. The viabilitv of the 
technique has been demonstrated by the LFBC NA13 experiment'' that 
observed several examples of charm associated production in ""p 
interactions. The identification of charm was 'one entirelv bv de­
tecting short lived decays. The value of the cross section obtained 
(\. 40 v̂ b) is dependent on the lifetimes of the produced particles 
but appears to agree quite well with other experiments (Fig. 35 and 
Table I). This technique Is being applied at present in a much more 
fully instrumented XAI6 experiment that studies 360 GeV pp and up 
interact ions. 

Another very promising prospect, described at this conference 
bv Montanet, 8 3' is the possibility of using holography to Increase 
the depth of the field of view. The early results with a test setup 

look quitr impressive and give 
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Vis. i") • Results of charm produc­
tion cross section from the LEBO 
experiment and comparison witt 

bubble sizes as small as 8 
microns. 

A) solid statt: detectors. 
Development of high resolution 
solid state detectors would 
allow one to dispense with 
the scanning phase of the 
experiment, which appears cru­
cial to the other 3 techniques 
discussed above. A silicon 
active target, composed of 40 
300 uin wafers, has been used 
by the FRAMM collaboration-"^' 
to study th<? diffrnctive charm 
ph^toproduction at the SPS. 
The technique relies on a 
sudden increase in pulscheight 
(Fig. 36) as one goes from one 
wafer to the next, correspond­
ing to a miltibody decay of a 
D meson. The potential candi­
date vv€tits are then fully 
analyzed ;>• using tht> 
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Fit;, 36. 2 examples of pulsie-
height distribution from the 
active target in the FRAMH 
experiment: a) inelastic event, 
b) candidate for D°D°, with the 
production occurring nevr waver 
3 and the 2 decavs near w^er 
11 and 34. 

information from the downstream 
spectrometer, Cerenkov rcunte-rs, 
and photon detectors. The pre­
liminary analysis shews already 
evidence of a diffractive mass peal 
around U GeV which appears LO decav 
into D's and/or D^s. 

The technique as used in this 
experiment is clearly specialize*, 
to dfffractive photoproduction 
On the other hand work is in pro­
gress on expanding the method hv 
also reading ojt the transverse 
dimension which would increase the 
versatility of the dote.tor. It 
should finally be noted that the 1 
visual methods discussed above relv 
essentially on detecting the trans­
verse displacement of the decay 
track from the production vertex 
and thus their efficiency is 
relatively beam energy independent 
The FRAMM detector, however, actu­
ally "measures" the length of the 
decay track and thus its efflcienc-
increases with the beam energy. 
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DISCISSION 
Ql: Conversl, Rome: I wish to make two short remarks. One 

refers to the mass of the A+ baryon. The first example of neutrino 
induced production and decay of a A* was obtained in CERN experiment 
WA17 and published last year in Physical Review Letters together with 
the first estimate of the charmed particle lifetime. The mass of the 
Aj reported there ("and also at the Rergen and Geneva EPS Conferences) 
has been readjusted through a further analysis and It will appear in 
the final paper of that experiment, now <n press in "Nuclear physics.' 
Also, this new mass value (only slightly smaller than that ^reviouslv 
reported) agrees, within the error, with the average value of M(A"£) 
reported in your talk. 

As a second comment, 1 feel it is worth mentioning here that a 
search far associated production of beauty particles Is being carried 
out now by an enlarged collaboration, after an exposure made at CERN 



Just before the SP5 shutdown. This in CEHN experiment NA1 S» (spokes­
man T. Musset), which u, es attain a hybrid technique and aims at 
observing the decay sequence: heaucy-crwinoed-ordlnarv hadrons, in 
the emulsion. 

Q2: Prentice, Toronto: The comparison of charm photo production 
with photon total cross section measurements needs some clarification. 
The rise with energy of the hadronic photon totnl cross section ;-• 
related to the rise of all the other hadronic total cross HectUns 
in the sane energy la.ifa and is about equally well understood. The 
rise can be estimate., from the behavior of the r, u, 4 dlftractlve 
plu-toproduct ion. The t cross section rises almost 40X. The ::hnrm 
cross section can be esM:-ai:ed by the excess of the photon total 
cross section over tb. J estimate of the contribution from IlRht 
quark vector mesons. This excess is about 2 nb which is not far 
from what is sien in the photoproduction reactions. 

U-l: Lipkin, Weizmann/Fennilab/Argonne : The charmed baryons 
produced In hadronic interactions might be polarized (like hyperons) 
and give an asymmetry in the decays relative to thi- production plane. 
A simple check with low statistics would be to separate events with 
the decay bsryon emirted in the upper and lower hemispheres rela­
tive £L> the^production plane, i.e., according to the sign nf 
Px x p. • p., where p, , p, and p. denote the momenta of the 

' c 'C 

incident beam, the charmed baryon and the decav bar von respectively. 
The difference between the two distributions w;mld have automatic 
background subtraction, A signal would indicate a parity violation. 
If this effect exists, it wjuld be both Interesting and useful in 
analyses. 

Q4: Jones, Michigar: The dramatic rise In - reported from 
the 1SR (if confirmed) plus the A dependence of charm production 
suggests an engineering remark which may not have occurred to every­
one; as we go to much Mgher energies (Tevatron and Fentavac) it Is 
probable that the trajitional means of generating L and v beatnH 
from "• and K decay will give wav to beam dvimr sources. 

t'5: [lev i in, Rutgers 'Fermi lab: I would like to add to your 
list of detection techniques a new device developed by Douglas 
Cotter of Rutgers- It is a triggerable detector/target which has 
been operated in two modes. First, as a scintillation camera and, 
second, with a micro-channel plate. The parameters are available 
in preprint which was submitted to this conference. 

Qb: lsgur, ['nlversitv of Toronto: Is the 1SR A* signal con­
sistent with the observed 5n - ioo MeV width of the I {2250V. 

A6: Wolclcki: Mavbe the people from ISR would like, to comment-
The width is very narrow and consistent -*ith resolution. However 
the peak is removed from the valut of 2.2L^ by the amount comparable 
to the resolution, or maybe more than the rt^olution. I'm told by 
the SFM people that such a shift is not incont-jt.: ant with their 
present understanding of systematics. On the other hand Lanmsh&de 
magnet peopU' believe that their peak could not be displaced by more 
than 10 MeV from the irui value. To make an intelligent experimental 
comment about this questlt.n of width and central value, I think one 
really has to look at thint's like the K° or A peak In the same 



apparatus, in the same region, and try to axtrapolate from that. 
But that has not really been dene for a variety of reasons, and 
therefore the answer to these questions Is still up ii. the air. 
It setuns to me that some statistical fluctuation may be going on 
here; it is certainly not enough to generate a whole effect, but 
conceivably enough to confuse the questions Df central values and 
the widths. 
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