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INTRODUZTION

During the last few years, the main emphasis in the study of
heavy particle production (i.e, mainly charm) by other means than

ete~ annihilation has been on the production mechanisms. Because of

the relative cleanliness of the charm signal in the e%e”™ process,
most of the data on the properties of the charm particles has origi-
nated from that source. There are alrcudy indications, however, that
this situation is changing. Improved detection techniques coupled
with much higher intrinsic production rates sugfest that in the
future the study of the proper.les of charm particlss will cease to
be an exclusive domain of e*e machines.

This review, however, will concentrate mainly on the praduction
data in the y, u, v and hadron beans. This is partly because the
decay properties have heen covered in the roview talk of fleorge
Trilling and partly hecause up to uow most exveriments did emphasize
mainly the production aspects. In additjon there has heen recentlv
a considerable interest in trying to explain most of these data
phenomenologically by use of firsc order €CD di . rhoton
gluon fusion diagram (Fig. la)
in the case of photo and muon-
production nf charmed hadrons
and gluon~gluon or quark-quark
fusion (Fig. lb,c) and charmed
sea excitation (Fig. 1d,e) for
hadronic production of charmed
particles. These mechanisms
relate the quark structure
functions as measured in the
massive di-lepton pair produc-
tion experiments and tue deep
inelastic scattering experi-~
meats (U, e, and v) to the
production distribution of
the charmed hadrons. In addi-
tion the gluon diagrams, 1f

Trans,

dominant, allow one to measure Fig. 1. Typical lst ord -~ QCD dlia-
the gluon distributions of the grams fur open charm pre ‘uction by
7, K, and the nucleon. photons and had ens: a) yg ~ ec,

One can contrast this sit- b) g+ » ¢cc, ) qa + ¢, d) qc - qc,
uation with the production of e) pc » ge.

charmed particles in the vcutrino
interactions either via {i..eraction of the W boson with a strange
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quark from the sea (Flp. 2a),
or altnrnatively via Cabibbo
suppressed d ~ ¢ guark trans-
itlon (for antineutrinos onjy)
(Fix. 2b). rhe Interest here
is mainly the x dlstribution
of the stringe sea, which can
be extracted tfrom the di-lepton
production in the neutrino
interactions. That subject
(1.e. wtu~ and v*e* produc-
tion) has been covered ade- [
quately in Frank Sciulli's —X_ b <
talk and will not be discussed //
further here., On the other .

hand QCD diagrams similar to d
the ones discussed above (e.g.

Fig. 2c) are relevant tc the

questicn of associated pro— 290 (el e
duction of the charmed parti-
cles in peverine Inceraciionss  guction by neirinos: 1) o1t
quesrion will be summarized strange quark sea, b) off daur.
briefly. quatk, r) associated production.

(o) {h)

Fig. 2. Diagrams for charm pro-

EXPERIMENTAL COMMENTS

The heavy flavor searches divide themse}ves naturally into 3
different categories, each one rharacterized 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 for very short lived particles and has been ex-
tremely successful In unraveling the old spectroscopy. It becomes
more difficult as masses and beam en=rgies increase, mainly because
of rapidly growing number of combinatorials. Furthermore, these
kinds af 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
medel dependent. Finally another potential danger with this techni-
que, especially important when the statistics are limited, is the

difficulty of interpreting correctly che st al sienificance of
& peak in the prescace of a large nnmbher .». The cuts will be
naturally choseu so as to meximi « peaks and thus raise the danger

of overemphazine sta* ' tical tiuctuarions. um the other hwud, the
mass peak - ..es the cleanest way to identifv rs..uction of
specific - Le.g. fc, FY, D9, eccl).

(2) Sem{leptonic decay modes (i.e. detection of prompt v, e, or
v and of -uon pojarization). Here most of the information on the
parent parcicle s lost so identification af specific states is {m-
possible. 1In addition, because of widely varying semileptonic brancn—
ing rarios far diffevent charm particles (see below) extraction of
total cross section hecomes difficult unless contribution of specific
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states is known from other sources. Furtliermore, the initia' product-
ion features are somewhat degraded since one gbserves second genera-
tion particles. On the other hand, the important plus here ig¢ the
possibility of obtaining rather good statistics with a pood signal to
noise ratio.

(3) Search for short tracks (emulsio.s, high resolution streamer
chambers and bubble chambers, solid state detectors). Most of these
detectors are at present underpoing vigorous development efforts and
they will probably play a much more important role in the future.
Except for the neutrino emulsion experiments, mcst 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 detuil the systematics of
these particles, and simultaneous exploration of the full 4n solid
angle. One important shortcoming so far has 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 simultancously rely on use of
more than just one of these techniques.

Several additional experimental comments may be in order heio.

(a) The relative ratjo of charm to non charm hadron production
1s strongly dependent on the nature of the heam. The rough orders of
magnitude for different beams are;

hadronic beams 4 1077

photon (y) beams v l0-2
neutrino beams ~ 107!

+ -
e e annihilation ~ 1

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

+ +10,5
R U IO
p° - 101t 43
- .27
1013
F_* . 2.2 + 2.8 X sec
- L.n
+0.84 .
Ao > 130 g4 :

The significance of this result in the content of the present
discussion is that the semileptonic branching ratios will be approxi-
mately proportional (o the lifetime (that statement 1s rigorously true
for Dt and D°). Thus all the cross section estimates extracted from
the semileptonic experiments might be significantl” in error if the
proluction process is dominated by one single state.
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(c) A dependence of the cross section 1s a relevant guestinrn
here. Since most fixed target expuriments use generally heavy nuclei
as turget material (e.g. iron, A = 56) and ISR experiments study p-p
interaccions, knowledge of A dependence is quite erucial tu the com-
parison of different experiments. It {5 conventionsl now to assume
linear A dependence for heavy flavors, in analogy with the J/¢ product-
ion2), However, it should be stressed hrre that at presenlt there are
no experiments that bear on this question for unbound charm production.
and that the A dependence could vary with x.

CHARM "RODUCTION BY HADRONS

The field of hadronic production of unbound charm states (i.e.
D, ., etc,) is still in its early infancy. Because of rather unfa-
orable signal to noise ratio only very sparce data on production rates
are available and the information on x and Pr distributions is even
more scanty. Thus only very rough comparisons with phenomenological
predictions can be made; this scction, accordingliy, shall cmphasize
mainly the experimental data and the ocutstanding experimental problems
More specifically, we shall address 3 separate topics here, 1l.c.

1) Central Production, Near x = 0
2) T.e Question of Forward Production
3) Anomalies and Disagreements Between Different Experiments.

1) Central Production. I shall try to swmarize here the con-
tributions of all those experiments chat eicher concentrated on x = 0
region or had such acceptance that they were sensitive to the product-
ion in that region. No firm quantitative predictioms 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 excitationm 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 iutelligent
guUESses as to what the hadronic production of charm shovld look like
1f the diagrams discussed above were indced the dominant ones.
Specifically we would expect:

a) The cross section in the Fermilab and SPS region (¥5 & 30)
to be ahout 5-20 ub for cotal charm production.

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

¢} The x distribution far production by unucleons should go roughly
as (1-x)0 with n being somewhere between 3 and 5, since that is the
approximate dependen~e of the quark and gluon distributions in the
nucleon. Mesonic production distribution might be expected to be
slighrly flatter.

The data available up to now are summarized in Table I. Several obser-
vations neced and can be made regarding thesc data.

a) The comparison between Aifferent numbers should probably not
be taker, more seriously than up to a factor of 2. This 15 because of
unknowns in A depeadence, branching ratios, final states produced, and
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production mechanisms. WNo great effort has been made to ingure that
the assumptions used in extracting the final numbers for all the
axperiments have been entirely self consistent.

b) The data are dominated by the experiments near ¢5 % 27. In
that regiuvn, the total cross sections are consistent (up to a factor
of 2) with opop % 20 wb. The only point that appears tg be slightly
high is the preliminary result quoted by the Tata group ) at this
conference of 160 * 40 ub.

c¢) To the extent thar the data on this question are avallable
the experiments ave cousistent with central productlon, i.e. x depen-
dence of the form (1-x)? with 3 < n <5,

d} The situation in rhe ISR region near x = 0 is not clear as
there appears some discrepancy between the  different ISR measure-
ments quoted. The question as tm whether the cross section at x = 0
rises dramatically betwezn ¥s = 27 and 60 dor. a>t appear to be
settled by these Jata.

2) Eriward Production. There iuve novw been several experimental
progrzis thet bear on this questioen.

a) at ¢+ = 53 and 63 there are 3 experiments (hy Split Field
Magnet group,Z-) Lamp-Shade Magnet zroup,22) and UCLA-Saclay group2d)
that study Ao and D production at the ISR. 24)

b; at 9; = 27 there are the 3 beam dump experiments (CDHS,
BERC,25) and CHARM!9) collaborations) that study prompt v interactions
(presumably comi{ng from the decay of short-lived particles). In
addirion, the Cal Tech-Stanford collabrration has studied the produc-
tion of prompt forward muons26) (presumably decay products of short-
lived particles produced by “he primary protons).

¢) at /s = 20, a Fermilah experiment has studied forward dif-
fractive production of D's in n”p interactionms.

d) at /6 = 7.4 there have been 3 beam dump experiments performed
at the Brookhaven AGS.2

Very briefly, the resvlts of these experiments can be summarized
as follows. Starting with the lowest encrgies, therc appears to be
no evidence for any prompt neutrino production in the BNL beam dump
experiments. “here 1s some discrepancy between the calculated v
fluxes (comi.g from = and K decavs from the original hadronic cascade)
and the observed v, numbers,29) but the majoricty belief s that the
calculations probably are not relisble enough to make the discrepancy
significant The cross-section limits for charmed particle pro-
duction as obtained from these experiments30) are still considerably
above the interesting limits (12-20pb for i BD—-ve)'

For completeness one should mention here an older beam dump experi-
ment performed at Serpukhov, i1.e. intermediate energy (Ep = 70GeV,
/s = 11.5). They report evidence for prompt ve with a cross section,
LIS BD——\; = .5 ¢t .4pb.

e

A finite signal for diffractive_DD production wss obtained at
Fermilab by the HFIOI collaboration??) in n”p interactions at vs = 20.
The evidence for production of roughly equal amounts of D° and P° 1s
displayed 4n Fig. 3b,c, where & narrow peak at the mass of the D is
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seen in both the K 171" and the
K'» 1" mass spectra. Further-
more, the x distribution (Fig.
3a) supports the hypochesis
that the D's are produced L,
diffractively, although it
should be polnted out that the
trigger itselfl requires a slow
proton thus favering a forward
mechanise. A model dependent
cross section estimate yields
app = (6-10:24ub,
Turuing mow to ¥s = 27,
there is an agreement (within
a factor of 2} between the
CERN beam dump experiments Iy
and the Stanford-Cal Tech
experiment at Fermilab on the
overall size of the prompt -
lepton signal (the discre- oot
pancies on the dectails will
be discussed below). As an
example, Fig, 4 compares the
momentum distribution of the
prompt lepton fiom the

Fermilab aru HERC experimeats. Fig. 3. a) xgp dis:ribunon_oi sne
The techniques are totally dif- events in tae 2 peakl b) Krn'n
furent here; the comparisen is mass spectrum, c¢) K'»™n7 mass
relatively model independent, spectrum,

Some model dependence arises from
the fact that the acceptance in the
Pr-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-CIT experi-
ment " as basically a flat 100%
acceptance for p, > 60 GeV; the
rvelative detection officiency for
the beam dump_experiments goes
roughly as py~. Furthermore the
Stanford-CIT experiment accepts
essentially all p.; the neutrino
experiments look only at very low
PT (a6 < 1.8mr).

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

3,
@
T
-

PROMPT LEPTONS/PROTON pnster

Fig. 4. Comparison of the
prompt y wpectrum (CIT-Stanford) ¢ Gevs
with prompt v spectrum (BEBC). e 10




mechanism that is consisctent with that deduced by Stanford-CIT collab-
oration from their earlier experlmentsxzxu) that emphasized the cen-
tral reglon. 1In addition, a diffractive mechanisu. is not a good fit
to the Stanford-CIT Py distribution, predicting too many high energy
muons, If the data are forced to a diffractive fit, the cross section
estimate is 14 * 4 ub.

Turning now to the ISR energies, we note the large forward pro-
duction of charmed particles, especially Ac. The extraction of total
production cross section is difficult and highly model dependent be-
cause in 2)1 experiments only a limited knematic reglon 1is investi-
gated. I shall try to summarize the relevant facts in as coherent a
way as possible for both A, and D production.

Ac Production. The LSM and SFM groups have presented 2 measure-
ments of Ag production.2i+22) Both experiments identify the Ae+ l(_pw+
mode so they can be compared direc ly. Furthermore each ixperiment
obtaire one cross secfion measuremeat at a rather forwatd x by trigger-
ing on a K7, and another one at a lower x by using an electron trigger
(presumably from the accompanving A, or D). A universal 10% BR into
electrons is assumed in extracting the cross section. Yome of the
tepresentative plots from thesec experiments are displayed in Figs. 5
and £ for the K~ trigger_and Figs. 7 and 8 for the e trigger. There
is some indication of a A_ peak in the LSM data but the evidence is
not totally conclusive because
of low statistics au? a
slight downward displuce- a0C
ment of the position of
that mass peak.

One shcu.d also -ntior
here an rld:r publish 1 re-
sult by the UCL:i-Saclay
group23) who found a peak in
the mass spectrum of both
K pr* and (A3m)* ar very for-
wzid x. The results of all
those K pnt experiments are
summarized in Fig. 9. There
is stfll 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 is clear from Fig. 9
that rhc 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 mest Fig. 5.
diffract{ve models would
tend ta give sLgpression af

300

200 b

EVENTS/IS Mevsc?)

) 2.0 2.5 3.0
- mass Gevse?) -

kK~prt and b) K“pr~ mass
spectrum from the LSM experiment
(K~ trigger).
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Fig. 7.

the

K 'prt mass spectrum from the
LSM experiment with the e~ (a) and e*
(b) trigger and the K*pn~ spectrum

with e* (c) and e” (d) triggere.

1¢ productivn in that region due
te the large mass of A and accom-
panving 0. Ignoring the UCLA
point we can extract & rough esti-
mate of the total cross section by
assuming a typical diffractive
picture of flar x dependence up to
x & 0.7, ¢yppy will then be given

by 2:0.7-B55/B. Taking Sub for

B3% and 2.2:1.02 for K7pn* branci-
188 rac1o3!) we obtatn 320ub for
or. This number should be compar-
ed with opB(A.* =+ A3n) = (1.0:20. b
extracted with the help of a dif-
fractive production model bv D,
NiBitontod2) from a different sub-
set of the LSM data. NBa good data
exist allowing one to relate
hranching ratios for these two de-
cay modes but it 1s unlikely that
B(i¢ » 3r) is less than 1%, Thus
we are faced with a discrepancy of
at least a factor of J.

We must remember that we have
to add the D and F production tu
the above numbers to obtain total
rharm cross section. The indica-
tious from SFM are that the D
cross section20) is also around
¢.veral bundred ub implying a
tetal charm cross secti{on in
the vicinity of lmb, i.e. 1%
orders of magnitude above the
cross sections abserved at
Vs = 27. 1s that reasonable
and can {t he easily under-
stood? Let us examine some of
the possible mechanisms for
rhis difference:

1. Standard (0 diagrams
would predict only a factor ot
2 or so between s = 30 and A,
A possibility 1s contribution
from a different process {e.g.
hidden intrinsic charm in rhe
nucleond3d) with 2 Snarp
thresheld near +& = 30, The
assumption about a threshold
appears slightly artificial.
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Fig. 8. K pn’ spectrum from the SFM experiment with the e~
trigger. Insert shows this spectrum with the e* trigger.

2. A dependence could be closer to 2975 for diffractive pro-
duction.

3. Verv low semileptonic branching tratio of A (cher ‘s cer-
tatnlv some evidence tor that - see abovel)) would ﬁecreune the sensi-
tivity of the beam dump and CIT-Stanford experiments.

4. The error on i, = )(‘pvv+ 15 still rather large. 7i'us a
bhranching ratio larger by ~ 50% certainly cannot be exclucded.

Ezch of th:se effects could certainly contribute a factor of 2~3
making the cross seccion difference much more reasonable. One outside
possibility thay has to be considered is whether the effect that is
seen at the 1SR i{s really a A as opposed to a non-charmed resonant
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state. It must be remembered

that K prt is not an exotle 20
state, and thus does not con-
stitute a prima facie evidence
for charm production. The
association with charm is

based on .
a) narrow width of the d
state
b) absence of negative E
state -
c) mass comparable to
A dn ete™ annihilation 8l "
d)} association with @

electrons.

The first two picces of evidence
are really

Narrow n
been seen,

not very strong.
ctarm states have kS
and positive states

collisions in the diffractive
region. The latrer is empir;
{cally observed for £(1385).23) .

ave expected to dominate in pp I"
|
{
o

The mass question has been a
source of contraversy for some
time and it might be worth-
while to consider the new Fig. 9. Summary of the ISR K prt
contributions on this subject. dara.
The masses of A. have varied

from 2255 to 2290 MeV but the recent data appear to favor a value of
To summarize the recent measurements we have

2285 MeV.

M, = 2.285 : 0.006 GeV ¢
‘e

M. = 2.28L + 0.005 GeV Yp

+ -

e S

(

<

&

I

> v
4
z

pEar’l

c1py 3

c
In addition there have been 3 contribuvions to this conference from
the neutrino experiments that favor this value, i

a) a mass peak observed at 2,275 + 0.010 in vD interactions in
At and KQp (see Fig. 10)

by 2
of 2,285 »
<) a

giving Hl\
c

4.005 and 2.280 : 0.0G] GeV.
fully reconstructed BEBC TST event
~ 4+
vep~u st o

c
L—A++
c

corpletely fitted events from BEBCJG)

37)

)

riving K_p"‘ mASSes

L. Kpnt

n 2290 + 0.003,

In contras* both 1SM and SFM give consistently values around

1l



2,260 GeV, It is hard to visu-~
alize a mechanism that would
glve a shift of 25 MeV (out of
a @ of about 700 MeV) without ao
at the same time significantly
affecting the width.38) Thus
in my opinion the case for
fidentifying the LSM and SFM
effects vith Ac as opposed to
for example £(2250) reats
mainly on the assocriation 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 guite o
strong (especially for the

SFM data,. The charm harvon

hvpothesis appears the most

likely one; the mass questien, | N »___j
hoewever, has to be resolved

Aet2280)
i

EVENTS/{40 Mev |

tefore the issue can he put -8 22 26 3.0

1o Test eptirely. e Mass  (Gevd e
0 Production. The SFM ° +

group has previously pub- Fig. 10. K'p and Ar mase spectrum

lishedZ?1) evidence for D* from the vD exposure,

mesnn: as ohscrved in the
decav chain D* - R*ea% ~ k~n¥n%.  The worrisome features of this re-
sult were the large cress section (150-2000ub depending on the model
usedy, srrong arsociatieon with the ¥* in comtrast to the SPEAR results,
and ¢ =llght mass shift: [.91 GeV observed ve. 1.t68 (eV accepted
value. 20y

The same group presented at this conference a preliminary 4o
evidence for DO - K==* at /s = 63 GeV (Fig. 11) observed hy using an
e” trigger. The LSM group pre-
sented 95% confidence upper
1imits tor D production from A - - N -
their data with K* trigger. i— e T 2 & B3 e
Thetr 2 most stringent limits, '
the 2 pusitive D signals, and
the resalt from an older lepton -+ Tyt i
pair {e. and ee) experiment
are susmarized in Fig. 12. = AR
The comparison of the data is !

o7 - 1.

= Ty
Fig. 11. K~ * mass Spectrum N "’}:\_‘
from the 5FM experiment ub- =
tatned with the 2~ trigger. an S A
The smooth curve shows the : '8 9 <0

shape of this spectrum taken . (B ARt N
with the e* trigger.

e

LB haT
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Fig. 12. Summary of the ISK n° and I)‘
data. The shaded bars correspond to
the upper limits from the 1LSM experi-
ment.

Fig. 13. Visihle energy distribu-
tion of no-u events from CHARM
experiment (muon NC events have
been subtracted). The curve shous
expected contribution to electron
negtrino fateractions from D decav.
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made difflcult by the fact
that the semileptonic branch-
ing ratios of different charm
particles are now knowu to be
quite different.!s39)  chiltn-
Rarev et al., however, as-
sumed 10% BR far both D® and
D?. A dominant production of
(D7) near x=0 would be onw
casy way to resolve the appar-
et controversy. Ome should
probably end this discussion
hv noting that the high e/n
ratio at low x and S»T wh=
served at the 1SR0) 15 con-
sistent witly the chamm pro-
durtion cross section of che
order of several hundred
microbarns.

3. Anomaiies and Ut
«repancies. I would Tike to
conclude this chapter by dis-
cussing 3 experimental results
that are efther anamalous in
themselves or for vhich diff-
vrent experiments do not give

a cousistent answer.

a) The CHARM collaboration
19) 45 their heam dump experi~
ment sees a 1.51 excess of ne-u
events for shower energles 2
Esh + 20 GeV, apove what one
would expect {rom (D production
normalized to Egy, 20 Gev (Fig.
13). Speciticallv *he excess is
54-19 (statiscical} = 9 (svstem-
atlc) events. Due te instru-
mental reasons, the other experi-
ments cannnt fnvestipate identi-
val region, the closest compart-
s0n heing with the CDHS experi-
ment whe apply o lower rut on

shower eneryy ot Egy ~ 5 Gev.
Within |- their data are consis
tent (Fig. (%) with the predfc-
tions hascd on DR production.
b) There are sceme indica-
tions that the . /. ratio mav
not be equal to upitv. The re-
stlts of the % heam dump experi=-
ments are summat{zed in Table IT.
That ratfo van be obtained either
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experiment (muon NC events have
been subtracte.,. Solid line
{ndicates prediction from central
bD production and decay.

is di ferent from unity. The resu

by using prompt v, rate from
extrapolation technlque (compari-
son of rates at 2 different densi-
ties) or from subtraction methed,
vhere one uses a shower cascade
calculation to obtain the contri-
bution to v, flux from = and K
decay.

One should emphasize here
that the systematic errors for the
3 experiments are quite similac
and are probatly in the direction
of overeatimating the v, 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 BEBCZ3) and BEBC-TST
grouns, %1} this deficiency of ve's
(if real) cannot be explained on
the basis of ve » v, oscillations.
The conclusion is based on the
observation of the expected (with-
in statistical errors) number of
ve + ¢ events in the narrow band
beam, where the absolute flux of
ve's 15 known relatively well,

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

1ts from both the beam dump experi-

ments and the CIT-Stanford experiment are summarized in Table III,

Tahle 11
ve/'.. Ratios from CERN Beam-Dump Experiments
o S:atistrc:i Svstematic
Group  wve/v, Ratic Error Error Method
COHS 0.77 +0.18 +0.24 Extrapolation
CDHS 0.58 -0.07 +0.19 Subtraction
CHARM 0.48 0,12 +0.10 Subtraction
{CCvg from prod model)
CHARM 0,49 0.2 Extrapolation
(CCve from prod model)
THARM 044 :D.11 +0.03 Subtraction
(CC ¢ directly {dentiffed)
+0.35
FR( 9
BEBC 0.59 -0.21 Subtracticn

14



Table 111
Lepton charge ratio from different experiments

Statiscical Systematic

Group Ratio Value Error Eiror Method

CDHS volv, 0.2 +0.20 0,12 Extrapolation
CDHS vulv,.  0.56 +0.09 0,13 Subtraction
CHARM Vv, 13 0.5 0.4 Subtraction

['AeY) -0.2

CHARM v;/vu 1.8 1.1 Extrapolation
BEHC 0.75 +0.32 Subtraction
BEBC 0.76 $).35 Subtraction

CIT-Stanford

¥xtrapolatlon

Clearly the largest, and the oniy really signt!ficant deparcure
from unity, occurs for the CDHS extrapolation resul*. The deperdence
of the vy and v; fluxes on energy is dispiaved in Fig. 15. Note that
this Figure displays observed events, f.e. the rario of v/., cross
sections (0.48) has not heen taken out. The discrepancy between the
various beam dump experiments is due mainly to the low densitv iV
point, as can be seen from Fig., 16.

It should be noted thac there is nothing fundamental about the
charge ratio deviating from unitv. A variecy of mechanisms, like *
production or urequal J*,D7 cross section could alrer this ratie
either by virtue of different scmileptonic hranching ratles or difier
ent » dependence.

In summary, several potentiallv Interesting effe.ts are sugpuested
by the data. More detailed experiments are nceded, however, to ex-
plore and answer these questions.

N

CHARM PRODUCTION BY PHOTONS AND MUONS

We discuss these two toples together since the charm productions
by muons occurs via virtual photon mechanism. Thus the phvaics ex-
plored by experiments with these 2 beams is quite sim{lar, Schemat-
ically the outline of this chapier can be indicated ax follows:

e specific states
- High energy 2 )

«
Phot -,xroduct.ion/ w007}~ charm

~

We shnll review first the higk energy experiments, discussing
both the muon experiments that stud: charm production via their muonic
decay modes and the photon experiments, in which speci®ic states are
studied via kinematical reconstruction. It is intervsting to comparc

Low energy
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ustfie the extrapolation method.
forward

erphasize the (i.e.

diffractive) production region.

the data with the predictions of
the photon gluon fusion (ygF)
model.42)  This model, based on
the lowest order QCD diagram (Fig.
la) is che QCD analogue of the
familiar Bethe-Heitler process,
the only difference being the re-
placement of the virtual phLoton
by a gluon, Thus with one vertex
presumably determined by QED, the
data can be used to extract the
gluon distribution in the nucleon.
A useful point of view 1s to look
at this model as preascting a
strong correlation between the ¢
and T quarks in the sea, since
thev originate fra che gluon
dissociat{on lnto a ¢€ pair.

The muon and photon experi-
merts are complementary, in so fsr
that the former are capable of
yroviding very good statistical
information at the expense nf some
of the decatl; the latter, on the
other hand can study the detajls
of specific charm final states.

The muon data originate from
2 experiments, the Berkeley-Fermi-
lab-Princeton collaboration®d)
(BFP) and the European Muon Col-
lahorat Lon®4) (EMC). Because of
the design meant to specifically
emphasize multimuon final states,
the BFP experiment has much better
statistics (220072 2. eventr to
be compared with 497 from FMC)
and an experimental advantage of
absence of any dJesensitized region
in the dectector. Both detectors
The re-

sules trom BFP43) car be brietly summarized as follows:

a) Bl

Nt oot

the sinrle extra muon (i.e.

2u) final states

are estimated to come from charr production followed by muenic decav

vf vae of the chare particles.

‘s oor K's in

decasy ot -
relatively accurateiy
mated back:reund from this soorce
Fig. |7,

b} The data pencrally show
as seen from Fig,

¢

hackeround bas been suhtracted.

The remainder results from the muonic
the hadrunic cascade and can be calculated
from the availabj

experimental data. The esti-

is shown as inverted histograms in

gond eyreement with the ygF model
17, where the prodictions of the model (curves) are
epared with the experimental discributions from which the =, K decav



¢) The observed diffrac~
- . N tive charm jroductlon can uc-
.o ! count for about 1/3 of the total
* COHS ) inclusive scale non-invariance
o erac . ' in the kinematic regton sef ined
o Canaw # Coby 2 <02 < 13 GeV? and
.30« v - 200 Gev.4H)
d) The data appear to re-
auire variation of the cross
LY {  aectfon with the phaton energv
(v), as demanded by the ygF
madel . Energy Indcpendent cross
section does not reproduce the
v data (dashed line in Fig. 17a).
e) Thoton charm cross sec
tion values have been extracted

et

at two encrgy h\(r‘r\_l:lls. i.e.
’ A 7soﬂ§§ nb az E, = 178 GeV
Y. +200 E =
? and o 560_”0 nh at¢ E, tag

eV, The tise with enevgy s

statistically significant,

As = 19034 nb because of common
¢ systematii errors.

. « . £y Tt might be interesting
to compare these numhers with
Fig. 16. Comparison of CCu rates the total photon hadronic cross
as a function of dersity for the section rise of about 4 ub he-
} CERN beam dump experiments: tween 40 and 150 Gev.47) o¢
a) vLob) ot course, other nrocesses are

known to contrihbute also to this

rise, one uf which i{s presuwnably non-diffractive charm production to
which the FFP experinent 1s fnsensitive.

similar conclusions have heen reached by the EMC cullaboration
from the analysis of their 2u events.*®) Thev have compared thelr
data both to the struck quark model (charmed quark density fn the
sca taken from the parametrization of Buras and Gacmers“g)) and to
the ygF model. The first model predicted cross s<ctions About &
factor of 5 higher than observed, the latter gavs excellent agreement.

The EMC collaboratfon has also anelyzed thelr 3u events with the
go:l of extracting et productlon and thelr subsequent double muonic
decay.50 Experimentally, this {s a more d{fficult problem because
of the need ta eliminate both the electrumagnetic trident contributlnng
as well as contributions due to vector meson (., 4, § etc.) 2. decay.
These backgrounds can be eliminated to a large extent bv twe cuts,
i.e.

1.0 - M ‘ Ge\.‘2
N

z « 0.6 N with 2 E /o .
L
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Fig. 17.
Comparison of BFP
2u data with the
predictions of
the vgF model.
The inverted
histograms show
calculated
contributions
from n and K de-
cay; the upright
onea show the
data with that
background suh-
tracted.




The success of these cats
4rTTT 1 T S < g demonstrated in Flg. 18
L 0M, <2 5Gev? where one cisplavs the missing

1<0.6 cnerey distuibution. The low

|
- . i . mass events, dominated main v
tad 1 ¢ by low mass vector meson and
+ | ‘ trident contributions, and
ol i ||EL high mass events, principally

2 p/.1, show a misging mass dis~
M €1.0GeV tribution reasonably consis-
1406 tent with zero. The events
surviving the cuts, however,
show a definite positive value
of nissing energy, Epggs = 4
GeV indicative af 2 neutrinos
accompanying the 2 decay muons.
4 different kinematical guan-~
tities from the accepted

~

FN

WEIGHTED EVENTS
- N w

T
i Y WD Y

[ v ) L
T ,,il[”,@L_LM‘

2.5<Myu <3.56eve

3k ol 2 events are dlsplayed in Fig.
2‘ (et . 19. Again the [it to vgf
! mcdel is very good; the dashed
1 i curves show the estimate of
W the background due to double
9 - Lo m and K decay. The ygF fit
-% -8 ° a8 % used h = 0.5 GeV, mg = 1.5
. Emiss (Gev) GeV, and the conventional
gluan distribution nG(n) =
Fig. 18. Missing energy distribu- 3(1-n)3.
tion fev the 3 different M, These data can be compar-
ranges 1vom the EMC experiment. ed with the results obtained

by the Columhia-Illinois-
Fermilab collaboration studying charm preduction by a broadband pho-
ton beam. The energy distribution of the beam, acceptance of the
apparatus, and charm production cross sectlon are such that most of
the data come from events with Ey > 80 GeV. This is very similar to
the v > 75 GeV cut impesed by the BFP group. The apparatus is also
sensitive nainly to the forward proiuct‘ﬁn of the charm particles.

Clear signals for A., A, and D" - . . seen. The chammed
baryons are identified by their p(FIKS d wade (Fig. 20). No
significant peak 1s seen In any othe. finc ate with the same

quantum numbers. The D* » Dn decay chein is identified by looling at
the invariant mass difference between a X(nt) and K{n-1)7 system
where n = 2 or 3. The events with the mass difference {n the vicin-
ity of 145 MeV are then candidates_for this decay chain. The mass
plot of the K(n-1)}n system (f.e. ¥'v* and K¢n*n™) for those events
shows a clear peak (Fig. 21) at the masses af the PO and DY, In
addition, a 2v signal {s scen (not shown) for the inclusive D pro-
duction by looking at K*n® mass distribution.

The details of the production process again appear to be consis-
tent with the diffractlve praduction of s charm-anticharm pair and
can be understood within the fcamewnrk of the ygF model. The specific
observations thar allow one to draw these conclu. fons are Lhe

I



following:
a)_ within statistics
fie and AL production cross

Uecoys

e

A—f; sertions are equel.
X B b) Charmed barvin
E:E' " appears to take about ;lglf of
=) the y ray energv: E E =
. 1‘?}\‘];} 0.52. b Y

=R ! ¢) The numbers of ob-
N ; ' served D** (61:14) and of p*-
T i (65215} are equal within
' D errors.

P 3 oea? d) The D signal appears

only in assoclation with a K
3 B of opposite sign i.e. there
is & Kn% peak at the mass of
the DO if a K* is identifted
elsewhere in the event. No
signal 15 seen 1in association
with a proton or antiproton,
3 or K of the same sign.

. Finally we can say a

I word about cross sectloms,
The data are insufficient to
say anything ahout the energy
dependence in the region under
study. For the purpose of
extracting numbers, crnse Bec-

ar A
1
-

do /0o

Fig. 19. Cowparison of the EMC 3u

data with the predictions of the
1gF model (solid curves). Cal-
culation of background from =K
deravs is indicated via dashed
curves .

s, <. 200 nh
S e 160 2 70 nb

e T 390 + 190 nb

tion was assumed to be flat
over the whole energy range
covered by the experiment,
The deduced cross sections
for the specific channels
are:

o,

(assuming BR for I,C + K'p = 1.5%)

1f we make a reasonable amrsumption that the rel tive production rates

p® s oDt o: o
165 Gev,
v = J78 GeV.

F=2:1:1

1 we obtain clﬁ_’ & 1000 nb at E, =
This number can he compared with Bf
We should stress, however,

Value of 750+180 ab at
that both uxpsrimanls are

mainly sensitive to the forsard production region.
The production mechanisms appear to be quite diiferent at lower

energies.

The WA4 experiment at CERN has studied2) the photoproduc-
tion of charm particles using a tagged photon beam with E.

< 70 Gev

and the .1 apparstus that has considerably larger acceptance at wide

angles chan the CIF specrrometer.

The most televant features of

their choeivations can be summarized as follows:

20
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a)_ A statistically sigmi-
T T ficant D° peak {s observed {n
K*n~ and K'n-mo spectra but nc
00 — comparable peak is seen for
the charge conjugate states
(Fig. 22).

b) This enhancement be-
~~mes especially pronounced
when one looks only at the
eventr with an assoclated pro-
ton (Fig. 22a). Similarly the
Kgntn~ (Fig. 23b) and KQn n®
60 4 comb ‘nations pea.. at the D©
mass 1f one demands a similar
association with the proton.
Thus tb: natucal explanation

ir the charm production via
40 - ) an associated production

wmechanism yp + A.D, Ag
subsequently decaying to a
proton. No statistically
20 | u’]‘ | significant eahancement at

the A. mass i{s seen however in
avy (An's) , (Xpm)* | or K%
combination.

¢) There ls evidence for
] L_ [ G
2.

80 - !

EVENTS/(10 Mev }

—1 oo e F's in n + ©'s channels (Fig.
005 2.205 2.405 2.605 24). The n's are identified
- MASS  (Cev) = by their 2y decay wode. The
o “o majority of the F .ignal In

Fig. 20. ng and pKE mass Spectrum the nS571 system appears to come
from the CIF axperiment. from the n'3n. The parameters

of the F observations are

summarized {n Table IV. The
best estimate for the F mass is Mp = 2,020 + (.010 GeV. One should
add here that of the 3 identified F decavs in emulslons,sﬂ none s
agagciated with an n. Thus n + 71's decay modes prouahly do not con-
atitute more than 50% of the totz. decays implying a reasonahly large
F photoproduction cross section of alout 200 nb.

Table 1V
Summary of the F + n + n's observations
Width (MeV) Observed
Mod E 9
®  Expected  Observed  Mass (Gev)  Lificlemcy o Bo (nb)
nm 75 108+31 2,047,025 07 12+ 3
n3r 50 38124 2.021r .0t .10 60 + 5

n'3n 40 48134 2,008:.020 .05 20+ 8




EVENTS/(10 Mev )

Fe R S, .
s 785 865 945 2CIS
MASS Qe
Fig. 2. K'*? and K3r"n~ mass

spectra from che CIF experiment tor
events with Mgqn = Mgog {or Mgoe -

Mgrp) around 145 Mev.

the lower energy ramge the associated production of D in the central

CMeL s

Fig. 22. K's"  and K'n72° (a)

spectra from the WAL experiment.

d) The following cross
section estimates have bheen
extracted from the data (I
summarize here only the most
significant omes).

o(yp ~ DPX) = 5151601100 nb
olyp ~ U9X) < 450 nb % level
a(yp - D°X) = 5i0 * 220 nb
of{yp ~ CD X) = 450 + 310 nb

(in the last 2
stands {or any

estimates C

and branching ratio
C~p+ X of 50%).
e}

as a function of energy. It

appears r- rise steeply over

the exple 2d range of

26 < E, < 70 GeV (Fig. 25).
In conclusion we can say

appears to be dominated by
different mechanisms in the

different energy regions. In

)
™
4

My
¢ !
P

2.043
{Gev)

1.683 1.863
Mass

+.0

and K™n" and K'ntx®  (b)

mass

e

charmed baryon,
one assumes central production,

The inclusive D° cross
section has also been evaltated

that the charm photoproduction
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region appears predaminant; at
higher energies the diffrac~
tive mechanism aypears to -ake
over, The amoun. of assocla-
ted production at higher ener-
gles 1s uncertain Yecause of
the poor acceptance of the CIF spectrometer for this process. One
should add here that the preliminary results trom the FRAM: collabo-
ration®4) 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 photaproductionss) is an
example of aseociated production with Ey = 25 Gev. Finally, the
Vector Meson Dominance hypothesis makes predictions about the ratio
of elastic ¢ to open charm photoproduction.30) e results of the
BFP group would imply *hat non diffractive charm production must be
at least comparsble in magnitude to the difiractiive production.

NEW FLAVOR PRODUCTION BY NEUTRINOS
Lt has been only 6 yrars ago since the WFWF group repnrted at
the London conference obsarvscion of 2 u*y™ events from neutrino

interactions.”’) This first 'ndication of charm production was the
beginning of an intensive effort in this field which has led te the

Fig. 23, x5~ and K0 (a) and
kOrtx= (b) umass spectra from the
WA4 experiment for the events in
association with a proton.

[~
s



- . B — precentation at this confer-
eive v the CDHS eroup of re-
sults based on some 10000
' wt” events.58) such large
statistics allow ome to study
in detail the structure func-
tion of the strange rea and
1 the resu ts of this analvsis
hC ! - have been presented in
! Sciulli's rapporteur task. In
this review, T shall concen-
trate solely on  he neutrine
. { production of leptom palrs of
P . the s2me sign, as this pro-
1 cess might be an indication
of 8 production mechanism that
is also relevant in photon and
hadron processes.
! First evidence {~r dimuon
s . events of like sign has beea
! published already scme time
' . ago.59) At this conference
extensive nev data on this

b}

7,

— = chawnel has been presented by
N — the CFNRR ccollaboration;
2z EN in addicion some first posi-
Ve ERN - tive evidence for ue events of
< some sign has been presented
Fig. 25. D" cross section as func- by the IFIM collaborationbl)
©i~n of energy from WAL axperiment. studying ¥ interactions in the

15" BC at Fermilab. The data
on dimuon events as a function of neutrino energy is displaved in
Fig. 26. We see that the ratio of (1 u*)/utu~ 1is reasonably com-
stant at about 0.1; in addition the rate of dimuon events is abont an
ordeyr of magnitude higher than the prediction based on associated
charm production using a tirst order QCD diagram.62)

Two contributions on same sign uc events have been veceived at
this conference. The BFHWW collaboration63) quotes an upper limit on
BTe™/i" < S x 1974 from v interactions, hnsed on observation of &4
Lu"e” events with a ralculated background of 4 events. The cut on
electron momentum {s P, ~ & GeV. 4 y¥e* eventr have been obirrved bv
the IFTH collaboration in v interactions (Pe > 0.4 G2V and expected,
background of 0.8 events) giving a ratio of wtet/ut = (6. ""g yx10-*
A very interesting feature of these events {s that 3 af them are
associated with a v (2)\'s and 1 KQ). The IFIM point is also dis-
plaved in Figx. 26 but it should be mentioned that it is not directly
comparable to the .u points since the electron momentum cut ia con-
siderably 1.ver than the tvpical muon cur (generally Py 2 9 GeV).

Ihe leptons of the same sign could be an indication of assoclat-
ed charm production with a rate considerab'y higher than expected on
the naive grounds, a first evidence of rew flavor production in
neutrine interactions, or presence of as vet unexpected new
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Fig. 26. Summary of like dilepton

data from the neutrino interactions.
CFNRR points for uty~™ are alsv shown

for comparison. The curve is 1Ist
order QCD prediction (ref. 62).

phenomenon. More Jdetail and
better statistics will be nec-
essary to resolve this ques~
tion.

STATUS OF HFAVIER FLAVORS

A year ago tlerc was pre-
sented a preliminary evidence®®)
for the production of a bhottom
meson decaving via B -~ vK-.

The WALl group has now in-
creased their statistics four-
fold to about 40000 J/¢ events
and find that the peak has
disappeared6d) (Fip. 27).
These data and (K" masg piet
{not shown) give upper limite
on these 2 decay modes i.e.
!

CpE C BR(B ~ .1/% K r') « 0.5]
nb/nucleon

0
Opg * BR(B ~ J/y K') « 0.08
nb/nucleon

t6)

There have !een estimates
that the first decay mede
should have a branching ratic
of about 1%, which weuld trans-
late into a ctatal production
upper limit of :m‘; < 51 nb.

This 1limit, obtained from 185 GeV r~ {nteractions, can he ccmpar-

n
©
=3

COMBINATIONS /(a0 Mev |

Fig. 27. Mass spectrum of the
J/¥ K°n* system from the WAl
experiment.

S
n

ed wich upper limits obtained - -
ing different techniques from 2
other experiments. The Princelun-
Chicago grnup.67 have cbrained
ogp * BR(B - J/¢ + X) s 0.24 ab/
nucleon for 225 GeV 7 interac-
tions. This limit is very sensji-
tive to the B ~ u branching ratfa
(assumed to be 18%) as the experi-
ment involves search for J/% in
assoclation with a high pp muon.
& reasonable assumption of 34 BR
tor the J/u + X {nclusive decav
mode would translate the result
into an upper limit of agf " & b,
Finally, the Cal Tech~Stanfoerd
expcrlmcntf‘a) has set a limit of
ogg ¥ 3Q nb for 400 GeV pratoo
interaccions by locking for a
varjety of multimuon final states.
These numbers should be compared



with a first arder QCD predictton

é @t a cross gection in the nelghbor-
3 . hood of a few nanobarns.
Z
.E ! . PRODUCTION OF BOUND FIAVORS

= I \
BRSPS ! \ ! Fror the phenomenolopfcal
5 ! AN ! peint of view, the bound hess. fla-
8 L Serpuamay Lovor states are made by the same
- . N © ¥ind of diavrams as the unbounu
- ' k " states.  The fundamental ditference
j : is that the integraticn over the
Lo effective mass of the ¢,¢ quark
i;, T pair cuts otf at 2 mp (fer charm
ki

1 states) and that certain diagrams
+ +are forpidden if all the reievant
_quantur wumhers are to be conserved
S4,p,0).
a) e, svarch. There xr.)1
is no evidinee tor production of

76 2.8 AT
o MasS

Fin, 8. Upper limits (as a

tunctien of -, mess) fer e eutside of ¢Ye” annihtlations.

de- A search at Fermilabd using the de-
Rem e dv yeo Ttained by cav mode c oot 13 has vielded nega-
the Fermilat-Stenvbronk coellab- tive results. 09 The limlte as a
aration. tunction of mass are displaved in

Fix. 28 tosvther with earlier re-
sults from Brookraien (= p =+ 21710 ard Serpukhov f==p = «in} experi-
ment scaled to the rer—ilad energv region. I.ipkin” has sllt\g‘eulu
that = « BR(J 't ~ e*e”) = = + BR(~ » s5¢). That would make 107 ¢eml
an iuterestine goal te strive fcr. [n addition, a low cnergv BNL
expertzent71) (13 CeV) reported at this conference a limit of 260 ph
for - « BR for the proress ~ CTED L i e

b)Y T muonproduction.  The BFP group rrosented??) an upper limit
tor nroductic‘n via 208 ¢eVic nuons. Their 90% (1l number for the
Frocess -(uX - ~ Lt ds 22 % 10738 nl o be cm'*r'n'ml with
the prediction o £F wadel of 14.0-1.2) x 1073% ¢
) 2 " droproduction. The data for these proece
now becoming qu)(e extensive and 71 low rather detailed comparisons
with various phenom enn)omca1 modela. 1 shall limic mvsell here to
descr hing some vervy peneral features ¢f these reactions which have =
bearing on varifous prod -ction mechanisms.  Specificallv. 1 shall
summarize the cross section cata for various bheams, the x dependence,
information on intermediate states, and the decay angular distribu-
ticns.

Additional total cross sections measurements for xp - 0 for J/y
and T production by piens b heen reparted bv the NA3 collaboration.
‘ Topether with the alder measurements they arc displaved as
Mer fn Flg, 29. For cemrarison, | have alsc included lines fndicating
the approximate dependence of the same variable in the proton induced
reactions.,

The dependence of the c¢ross section on the nature of the ‘ncident
hean is interesting because it sheds light on the relative {mportance
rf the quark-ant{gusrk vs. gluon-gluon fusion mechanisms. Naively,

Ny
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oecause of the relationship

ML = sx Xy, we would expect the
gluon production mechanism to
become more important at higher
energy, since the gluon spectrum
is rather solt._ Furcherwore, at
lower energies.“) where qq
fusion might dominate, the cross
sections for beams of particles
containing appropriate valence
antiquarks weuld 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 vhere we plet the ratios
for J/¢ production in the proton
and antiproton beams. For gluon
fusion dominance the ¢ /cx ratio
should approach unity. Tpese
qualitative features are also
demonstrated in J/¢ production
by 40 GeV K beams where we have
ogt/ag- = 0.29 * 0.07 and in the
relative production of T by K"
and »* beams’?) ar 200 and 280
GeV where ogt/og+ = 0.10. Note
that the valence antiquark in
K+. i.e. E. cannot annihilate
with any valence quark in the
nucleon to give & J/v or an T.
As might be expected. the n¥- r
ratio for .J/y production is
consistent with unity.

The importance of the. giuon
mechanism in 150 GeV =7p inter-
actions {s demanstiated by the
analysis’6) of :he xp distribu-
tion of the Y/¢. 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 thecretical
expectaticns in Fig. 3la,b where
NA3 structure functions have
been used {n calcularing the
expected curves. The agreement

is quite poor and should be contrasted with the situation in Fig.
3lc,d,e where the data were fitted to the gluon-gluon fusfon mechan—
ism assuming for the gluons the functiomal form
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Fig. 31, xp distribucion for J/¢ production (points)
from the Wall experiment at different energies compared
to quark-quark fusion prediccion (a and b) and gluon-
gluon fusion fits (c,d,e).
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The fits gave very reasonable values of m = 2.3 + 0.3 and n = 5.1 2
(.6 and appear to reproduce the data quite well.

The same collaborarion has also searched’’) for Yy rays associared
with the J/¢ production. 2 experimental techniques were used to look
for the photons: a Pb/scintillater sandwich calorimeter with a mean
energy tesplution of SO%/VE FWI™M and a y ~ ete~ comversion (22 MeV
FWHM) either in the Be rarget or in dewnstream scintillators and
chambers. Both methods give @viuence for an intermediste x state:
the calorimeter shows 1 sroad unresolved peak (Fig. 32a) In the J/¢
y mass spectrum between 3.5 - 3,6 GeV which corresponds to 36 * 5%
of the y's resulting from the x decay. The conversion technigue glives
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Fig. 32. Mass spectrum of the
J/y + v system from the WALl
experiment using a calorimeter
(a) and spectrometer (b).

two distinct peaks in this
region (Fig. 32b): the first
one identified with the 1% x
(3.508) and corresponding to

19 + 4% of all I/y events, and
the second with 2+ y (3.554)
and accounting for 12 * 4% of
all events. Using the known
branching ratios for

x » J/v + y decay, these numbers
correspond to a production cross
section ratio of

oot /ot = 1402 0.9,

2
The results of the calorimeter
and conversion techniques are
consistent with each other be-
cause of much different resolv-
ing power of the Z methods. The
total fraction of J/¥ proceeding
via x intermeaiate state (v 35%)
1s consistent with other measure-
ments both at Fermilab and at

the ISR,

The decay angular distribu-
tion of the J/¢ has been stud-
1ed73) by the NA3 collaboration
for m° production at 150 GeV.

The most general distribution
has to be of the form

= =1+ cos0 .
cos®

For direct light quark annihi-
latfon X has to be near unity.
The experimentally observed
vaiue } = 0.05 ¢ 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 lmportant process at this
energy.

In conclusion, the overall
picture is conslstent 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/y produced via an intermediate x state.

d) J/¢ muoproduction.

Partial results on this Brucess have
been published previously by both the BFP/8) and EMC7

)] groups. In

general the totol cross section for this process, when extrapolated
to Q2 = 0 sppears to agree quite well with rhe lower energy
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rhotoproduction experiments and
H . i the ygF. 0 The comparison of
et resiton &% — — 4 the photon data with the BFP
TerndGey . + M © results is shown in Fig. 33; the
C > ; EMC results from 280 GeV muon
- H i run also fall on the drawn
: fﬂ‘ curve.
5 . To study the detalls of
/ 3 the J/¢ muoproduction the BFP
| ’7 voaNEFRY 3 group has ﬁcrformed a 3 Zimen-
2N  sional £1t%5) in 0,4, and 2,
N i where O is the polar angle of
R ‘:‘ o '*“\;g""“—' vt relative to J/¢ and ¢ is the
. . Gev: angle between the lepton scat-
tering plane and ¢ decay plane,
Fig. 33. Comparison of BFP J/¢ both angles being defined in
muoprodnction points (extrapolated the helicity frame. The data
to 0° = 0) wich the photen points ~ vere fitzed te
and predictions of the ygF model
(ref. BD).

]
IS

1+ cos“C + 2¢ R sin 26 - ¢n s_1n20 cos 2¢
(1 + er) (1 + QZsh

Wil =
) )2
eff

Where ¢ gives the ratio of longitudinal to transverse photon flux

(e = 0.8 for BFP data) , R = op/or , and n = 1 {f §-channel helicity
is conserved and we have natural Eari:y exchange. R was parametrized
as either constant or linear in Q¢ and data were fitted to n and
leg¢. The following conclusions can be reached from the fitr:

1 - s channel helicity conservation and natural parity exchange
appear to be valil, i.e. ¢ "remembers” photon helicity.

2 - independ:nt of assumprions atout R , Agrf 1s significantly
smalier than m, , typical value belng 2.15¥0-19°Gev. This can he
compared with the published EMC value’9) of 2.4 * 0.3 GeV obtained hy
titting their data to C(l + Qzlhcffz)‘z . € and A,ep being free
parameters.

3 whei. R is allowed to vary linearlg with QZ , 1.e. R =
:20° my? | the besc fit ylelds {7 = 4,675 .
The European Muon Collaboration has presented resultssl) on

inelastic J/¢ production with a total cross section approximately
equal to that of the elastic J/¢ production. The inelastic events
are defined as ones having more than 5 GeV deposited in the target.

Thosc events tend to peak =t v (Fig. 34) and have much hroader
p'f distribution than the 17 events.

An effort has been ad :stimate the contribution to these
events from the production .aigher lying bound charmonium states
(' and ¥). The differe: _hods indicate that only about half of

the inelastic events come ..om that source. Their z diacribution
would tend to peak near high values in agreement with the data a:

the v dependence can be calculated using the vgF model (Fig. 34b).
It appears that the large fraction of events with v > 100 GeV must
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T come from another mechanism.
Hard gluon emission by higher
mass c¢-c¢ pair 1s postulated
as one possible process that
20 | i * 4 could account for these data.

PROSPECTS FOR THE FUTLRE

C T T
* [ (o) Inelostics * *

L 4 There are several second
generation experimercs either
in the planning st- or al-
ready taking dat .ac will
e¢lucidate some che ques-
tions posed above. However
1 fecel that the main impact
- in the future on “naked"
i charm experiments will come
from the technological devel-
opment that 1s at present
10 - going on in the field of
) good spatial resolution de-
tectors. The lifetimes of
charm ground .tates are now
established to lie between
1013 apd 10-12 secs; the
estimates for the bottom
20 r— | states lie between 10-14 and
1013 secs. Thus capability
of "seelng" tracks in the
1 range of 100-1000 microns
o 50 100 150 200 would allow one to identify
unambiguously presence of
e v (G e short 1ived parricles. I
Fig. 34. v distribution of elastic would like to end this review
and inelastic }/¢'s from the EMC with a few words about the
collaboration. The curves are pre- present status of some of
dicrions of the ygF model (higher these detectors.
lying charmonium states are used a) emulsions. This i:
as sou-ce of inelastic events for the classical detector for
the purpose of the calculatiom). looking at events with the
ultimate spatial resolution,
The price one pays, however, is quite 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 atrack, 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 im
off-line analysis. Ochervise the scanning effort again .ecomes quite
prohibitive. Clearly at the root of all of these difficulties lies
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the intrinsic very poor time resolution cf the emulsion and the
great deal of time necessary to scan even a small volume of the
emulsion. “he relatively small tarp:t size due to high cost of
etiulslon and {ts processing i{s aler g sericus limitation on the use
of this technique in the neutrinu =xperiments.

b) high resolution streamer rhamber. The pivneering work on
this kind of a detector and the first physics results have already
been publishedlo) by the Yale group. This is clearly not an easy
technique but many complex technical problems have been already over-
come and One can see a way to improve considerably the state of the
art here.82) Clearly, the big advantage one has here over emulsions
is the mucn better time resoluticn of the streamer chamber and in-
trinsically much easler scanning job, one that probably could be
adopred te full autemacion.

©) high resolut{on bubble chamber. This appears to be one of
the most promising developments in the field. The viability of the
technique has been demonstrated by the LEBC NAl) zxperimcnt7) that
observed several examples of charm associated production in "7p
interactions. The identification of chare was 'one entirely bv de-
tecting short lived decays. The value of the cross section obtained
(v 40 ub) 1s dependent on the lifet{mes of the produced particles
but appears to agree quite well with other experiments (Fig. 35 and
Table 1). This technigue is being applied st present in a much mote
fully instrumented NAlé experiment that studies 160 GeV pp and wp
interactions.

Another verv promising prospect, described at this conference
by Hontanet.u) is the possibllity of using holography to increase
the depth of the field of ~iew. The early results with a test setop

lock quite impressive and give
oo . - bubble sizes as small as 8

8 microns.
2 3 d) sclid staty detectors.
i Develepment of high resalution
——— —— solid state detectors would

allow one to dispense with

the scanning phase of the
experiment, wvhich appcars cru-
cial to the other } techniques
discussed above. A silicon
active target, composed of 40
300 um wafers, has been used
-E80 Eapermer by the FRAMM collaboration®4)
" P 340G to study the diffractive charm
phatoproduction at the SPS.
The technique relies on &
sudden increase in pulseheight
{Fig. 36) as one goes from one
wafer to the next, correspond-
ing to & m itibody decay of a
D meson. [he potential candi-
date cvents are then fully
analvzes (v using the

ey rrrrTs

-
= 300 Gevre frusion
. Upper _umt

PAIR PRODCTION CROSS-SECTION

Lt sesaae
'3 i
. MEAN LFETIVE  (sec)

Fig. 3. Results of charz produc-
tion cross section from the LEBC
experiment and comparison with
other results.
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information from the downstream

o EV | S S A | spectrometer, Cerenkov rcunters,
] f 1) — and photon detectors. The pre-
6 R J lminary analysis stows already
a t + a evidence of a diffractive mass peal
atound & GeV which appears to decav
£ 2r ¢ Oﬁﬂdwh*'f" Pt {nto D's and/or D*'s.
G o pHutti — The technique as used {n this
ES Jiy’J) N RN B AR experiment is clearly specializeo
" to diffractive photoproduction
2 8 03] 4 On the other hand work is in pro-
a + gress on expanding the methnd hv
& '+ H 17 also reading oat the transverse
4 *} A dimension which would increase the
2 b ﬁHMHHﬂ *# N versatility of the dete.tor. It
o #W - should finally be noted that the 3
. 1 visual methods discussed above rely
° 0 20 10 a0 essentially on detecting the trans-
LAYER NUMBER verse displacement of the decay
e e track from the production vertex
and thus their efficiency is
Fig. 36. 2 examples of pulse- relatively beam energy independent
height distribution from the The FRAMM detector, however, actu-
active target in the FRAMM ally "measures" the lemgth of the

experiment: a) inelastic event, decay track and thus its efficienc
b) candidate for D°D°, with the Increases with the beam cnergy.
production occurring necr waver

3 and the 2 decays near w.fer

11 and 34,
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DISCLSS10R

Ql: Conversi, Pome: 1 wish to make two short remarks. Ome
refers to the mass of the A} baryon. The first example of neutrinc
induced production and decay of a A: wad obtalned in CERN exceriment
WAl7 and published last year in Physical Review letters together with
the first estimate of the charmed particle lifetime. The mass of the
A% reported there (and also at the Bergen and Geneva EPS Conferences)
has been readjusted through a further analysis and It will appear in
the final paper of that experiment, now in press in "Nuclear Physics.'
Also, this new mass value (only slightly smaller than that previously
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 8
search far associated production of beauty particles is being carrled
out now by an enlarged collaboration, after an expcsure wade at CERX
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Just before the $PS shutdown. 7This ia CERN experime.t NA19 (spokes-
man P. Musset), which u.es again o hybrid technique and aiws at
abserving the decay sequence: heauty-charmed~ordinary kadrons, in
the emulsion.

Q2: FPrentice, Toronto: The comparison of charm photo production
with phaton total cross section measurements needs some clarificotion.
The rise with energy of the hadromic photon total cross section ;=
related to the rise of all the other hadronic total cross sectiins
in the same ecnergy rasfe and 15 about equally well underatood. The
rise can be estimate« from the behavior of the r, v, ¢ diffractive
photoproduction, The ¢ cross section rises almost 401. The czharm
cross section can be estizaved by the excess of the photon total
cross section over th: estimate of the contrihution from Iight
guark vector mesons. Thila excess {s about 2 ub which is not far
from what is sven in the photoproduction reactions.

Q3 Lipkin, Wetzmann/Feruilab/Argonne: The charmel baryons
produced in hadronic interactions might be polarized (1ike hyperons)
and give an asyvmmetry {n the decavs relative to the production plane.
A simple check with low statistics would be to separate events with
the decay harycn emirted {n the upper and lower hemispheres rela-
Eive o the production plage. l.e., according to the sign of
PyE Pt Py where P ooF, and Py denote the momenta of the

incident beam, the charmed bgryon and the decav barvon respectively.
The difference between the two distributions would have automatic
background mubtraction., A signal wculd indicate a parity violation.
If this effect exists, 1t would he hoth interesting and useful in
analyses,

Q4: Jones, Michigar: The dramatic rise in T reported from
the 1SR (if confirmed) plus the A dependence of charm productiun
suggests an engineering remark which may not have occurred to every-
ane; as we go to much Yigher energies (Tevatron and Pentavac) it is
probable that the trasitional means of generating . and v beams
from « and K decay will give wav te heas dump sources.

151 Deviinm, Rutgers ‘Fermijat: 1 would like to add to vour
list of detevtion techniques a new device developed hy Douglas
Potter of Rutgers. It is a trigperable detector/target which has
heen operated in twe wmodes. First, as a scintillation camera ana,
second, with a micro~-channel plate. The parameters are available
in preprint which was submitted to this conference.

0b: 1sgur, University of Toronto: Is the 15K +% signal con-
sistent uith che observed SN - 100 MeV width of the {2250

A6: Woicicki: Mavbe rhe people from ISR would like to comment.
The width is very narrov and consistent with resolution. However
the peak 15 removed from the wvaluc of 2,205 by the amount comparable
to the resolution, or maybe more than the retolutien. I'm told hy
the SFM people that such a shift is not inconeisle=nt with their
present understanding of svstematics. On the other hand Lanmshade
magnet people believe that thelr peak could not be displaced by mure
than 10 MeV from the true value. To make an intelligent experimental
cotment about this questlicn of wildih and central value, I think one
really has ta look at thines like the KO or 4 peak in the game
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apparatus, in the same region, and try to extrapolate from that.
But that has not really been dcue for a variety of reasons, and
therefore the answer to these questions 1g still up in the air.
It secms to me that some statlstical fluctuation may be going on
here; it 15 certainly not enough to generate a whole effect, but

conceivably enough to confuse the questions of central values and
the widths.
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