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SEARCH FOR SEMILEPTONIC DECAYS

OF PHOTOPRODUCED CHARMED MESONS
1/.

Richard Neal Coleman, Ph.D.

Department of Physics

University of Illinois at Urbana-Champaign, 1977

In the broad band neutral   beam at Fermilab, a search   for

photoproduction of charmed D mesons has been done using photons of

100 to 300 GeV.  The reaction considered was

y,+Be  +  DB  +  X

14 reptons + ...
|-* Ksnwi

No statistically significant evidence for D production is observed

based on the Ksnw  mass spectrum.  The sensitivity of the search

is commensurate with theoretical estimates of a(yp + DE + X)-500 nb,

however this is dependent on branching ratios and photoproduction

models. An appendix contains data on. a similar search for semi-

leptonic decays of charmed baryons.

.
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I.  Introduction

As early as 1962-1964, several authors suggested the addition

of a fourth quark to achieve a lepton-quark symmetry. 1  The fourth

quark carries a new quantum number called charm which is violated

in the weak interactions. In 1970 Glashow, Iliopoulos, and Maini

showed that the charmed quark not only provides an elegant theory

with four quarks and four leptons with identical weak couplings,

but also explained the suppression of strangeness changing neutral

currents.2 The charm model predicts the existence of many charmed

particles.?  Since these particles had not been observed, it was

speculated that the charmed quark was heavier than the other three.
.

This assumption put the masses of the charmed particles in a rela-

tively unexplored mass region.

In late 1974, two groups announced the discovery of a narrow

2
resonance (J/*) with a. mass of 3.1 GeV/c . At BNL4 it was ob-

served in the production of e e  from proton-beryllium collisions.
+-

At SPEARS it was seen in the production of hadrons from e e-

annihilation.  Since the initial discovery of the J/4, its pro-
+-perties have been studied in great detail in e e  annihilation.6

It is an excellent candidate for a charm-anticharm quark (cE)

PC --

state with J =1 In addition another narrow state (4') has

been observed at 3.7 GeV and is interpreted as an excited state
*

of the cE state.?  The extremely narrow widths of the J/* and 4'

4           are qualitatively explained using Zweig's rule.8

If the J/* and $' are cE states then a whole family of cE

Lstates should exist. These states will have parity P = -(-1)
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L+Sand charge conjugation C = (-1) , where L is the orbital angular

momentum and S is the spin of the cc state. The lowest mass

states should have L = 0. The L=1 states should be several

hundred MeV higher. Therefore one expects a pseudoscalar
.

PC(J   = 07t) partner of the J/* with mass near the mass of the J/4,

as well as, three L=1 states with slightly higher mass with

PC ++ ++ ++
J   =0  ,1  ,2  .  At DORIS' a state at 2.85 GeV/c2 has been

observed which is generally interpreted as the pseudoscalar part-

PCner J   = 0-  of the J/*.  Several groups 6 have reported .four even

charge conjugation states with masses between  the  J/0  and  *'  mass.

The properties of the radiative and hadronic decays measured so
PC ++ ++

far suggest that these states correspond to the J =0  ,1  ,
++ PC -+
2   partners of the J/4 and the pseudoscalar partner (J   =0  )

of  the * ' .1 0 There are quantitative difficulties  with  the  pre-

dictions of the simplest charm models and the measured radiative

and hadronic decay widths, and mass splittings. These problems

and alternate interpretations are discussed in the literaturd.
11

-      -

In addition to the cc states, there must be cq (or cq) states

where q refers to one of the three non-charmed quarks.  It is

important to note that any model introducing a fourth quark (c)
-        -

will produce a variety of cc and cq states.  However, the charmed

quark as introduced by GIM to suppress strangeness changing

neutral currents in a Weinberg-Salam type theory has important12

1-

implications for the decays of cq states. The weak interactions

may mix the c quark with its isodoublet partner usually called

s' = -d sine  + s cos 0c where 0c is the Cabibbo angle.  This
C

r(A C  =   AS   =   1)                          2leads to selection rules, Z cot 0  Z 20, wherer(A C  =   1,    AS   =   0)                       C
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C = charm, S = strangeness, and P = decay rate. The decay of a

c quark to u quark is suppressed. The lowest mass J   =0PC -+

-      -

mesons formed from cq and cq states with C=f l are:
1

+                                         -                                                                                   O                                           -                                                                                   +                                          -
1 D  = Cd       D  = CU       F  = CS

D  = cd Bo = Eu       F  = cs

A few representative ·hadronic decays are listed below:

Cabibbo Angle Dependence        D                D
0 +

cos40c K-A+, Row+F- ++ -0 +
K- 7T 7T ., K-IT

- + -++
cos20c sin20c 1 W Tr Tr Tr

4                       + 0+ ++ O+sin
0c K A-, K A A- K    7r     Tr,      K    Tr

For leptonic decays, the model predicts that D' + K-£+v (not

K+2-v) . and D+ + .Kit+v (not Kit+v) are enhanced by cot20c over the

0+       -decays D' + A-£+v and D+ + A i v.  Thus cq states in the GIM charm

model should decay weakly (narrow widths) with selection rules

that imply exotic decays and correlations between kaons and lep-

tons. Exotic decays are those in which the electric charge of the

hadrons is opposite to the strangeness. Based on the J/* and *'

masses, De Rujula,. Georgi, and Glashow predicted the masses of the

D mesons to be 1.83 i 0.03 GeV and the lowest mass charmed baryon

(Ac) to be 2.25 i 0.05 GeV. 13

In the summer of 1976 evidence was found for several cq

states with the properties corresponding to the charmed mesons

(Do, D+) and a charmed baryon (A ). 14,15,16 At SPEAR in e e- annihi-+
C

Ft Tk*t
lation narrow peaks were found in K A and K H .lr' 1 mass spectra

for data taken at center-of-mass energies (Ecm) 3.9 and 4.6 GeV. 14

The mass was found to be 1865 f 15 MeV and its width less than

the resolution of 40 MeV.  This narrow resonance is a strong
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candidate for the D meson. Another narrow peak was found in the0

--

Kin+N+ mass spectrum    for    data    at    E          = 4.03 GeV. 15 There   was    nocm

corresponding peak in the mass spectra of the non-exotic combina-

tion of K.NA. Its mass was found to be 1876 i 15 MeV and its width

less than the resolution. this state is a strong candidate for
-                        17the D meson. The SPEAR group also sees an enhancement in the

K'2A mass.spectrum at the D' mass.  There are also indications of

18the photoproduction of D' followed by its decay into Ks4A.

Both the D1 and D' are produced in association with systems

of comparable or higher mass (D or D*). The mass of the recoil

system associated with D' production at E = 4.03 GeV has beencm
4- -                                P    -studied at SPEAR17 in e e annihilation. The D* is the J  =1

cu or cd state which should decay either strongly (pion emission)

or electromagnetically (photon emission) to a D meson. 19,20 Recent

re§ults indicate that kinetic energy in the decay D
21 *0 + D07TI is

*0 *0about 3 MeV and the D mass is 2005. The dominant D decays are

D*0 + Dowo and' D*0 + Doy whose decay rates are approximately equal

(1.0 f 0.3). The D  mass is determined to be 1868 1 2 MeV.
0

*+
Finally and with less certainty the D   + D'w+.decay does not

*+ *+ + 0                     11overwhelmingly dominate the D + D y and D   +D z  decay modes.

Recently the charged D* has been observed directly from the decays

where D* ·+·DIA+'and then Do + K-A+.22

In a simple model of D production, one pictures the cc pair

to be created by the virtual photon in e e- annihilation and the

mesons are formed by combining with light quarks from the vacuum.

This implies the ratio of DB:D*5 + DB*:D*5* is 1:4:7. 19,20 Unfor-

tunately these ratios are very sensitive to dynamical effects. 11,23
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However the qualitative prediction that D* production dominates

+-
D production is verified in e e annihilation.

Evidence exists for the semi-leptonic weak decays of charmed

particles. Two groups at DORIS 24,25 observe hadrons and a single

electron resulting from the decay of a particle with mass between

1.84 and 2.0 GeV. Anomalous single muon events have been seen in

26
multiprong events at SPEAR. The properties of the single lepton

events will be discussed in more detail later. Evidence for

weakly decaying hadrons is also found in neutrino interactions.

Anomalous ety* events have been found in bubble chamber experi-

27ments at CERN and Fermilab. Anomalous dimuon events have been

observed in v-counter experiments at Fermilab.28

Evidence for charmed baryons comes from a Brookhaven neutrino

29event and a resonance in the A3A  mass spectrum observed in our

photoproduction experiment at Fermilab.
16 The Brookhaven. experi-

++
ment reported a charmed baryon candidate with a,A    #- mass of

2                              + +2.244 GeV/c  and a higher mass AA A A-A- combination.at 2.426

2                                                                                    -
Gev/c .  The photoproduction experiment reported a peak in A3A  at

2.26 i .01 GeV/c2 with a width of less than 75 MeV.  No resonance

was seen in the·corresponding non-exotic channel. Evidence is

also presented for higher mass states near 2.5 GeV which decay

into the 2.26 GeV state. The 2.26 GeV state is a good candidate

for the lowest mass charmed baryon (Ac or C + in reference 3), the

charmed analogue of the A(1115 Mev). Charmed baryons may decay

:          semileptonically,  for example Ac + A£v. (See Appendix B.)

This thesis reports on a search for the photoproduction of a

pair of charmed D-mesons and the subsequent decay of one D into
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leptons and the other D into K' nw (n = 1, 2, 3, 4).  If the W is

a cc state then Zweig's rule 8 suggests final states in the *-

nucleon collision should contain charmed quarks. 4 production can
elastic

be combined with vector dominance assumptions to give a (11·IN)/

ctot (WN)   -  few. percent.30,31   Thus  the  majority  of  c  quarks  produced

in 4-nucleon collisions must come from states with C = il rather
totthan the 4.  .This implies a (WN) = 0(WN + Xcxc + anything) where

X  is any C = fl state. Applying vector dominance principlesC

gives c (YN + Xcxc + anything)  1  500  x  X (nb) where  X  is a parameter

to describe corrections to the vector dominance model.  A=1

implies complete vector dominance validity. Sivers, Townsend,32

totand West estimate a(yp-* X X+ ...)2 300 nb.  a   (WN) can be de-CC

termined without using vector dominance assumptions by mea4uring

the A (nucleon number) dependence of * photoproduction. The re-

sult is X = 0.29.31 Chen, Kane, and Yao also use vector dominance

arguments to predict a(yp+ DD + X), 500 nb.33 The charmed baryon

(Ac) photoproduction cross-section though not accurately determined

seems compatible with a few hundred nanobarn signal. However a

measurement of inclusive muon
production at E  =· 18 GeV and

Pl" = 1 Gev, finds cop + DO + X)= 20 nb if the branching ratio

B      = .10.31  Uncertainties in B and the experimentalD+W                              D+V

acceptance could be responsible  for the small value  of  a (yp + DB + X)

obtained. So the cross-section for the photoproduction of a pair

of charmed D-mesons in this experiment is in the range of 50 - 500

nb/nucleon.

The total semileptonic decay rate can be estimated by re-

placing the decay of a c quark to the decay v + eQevu.3  The
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m                           11    -1result  is  r (D +  fv  + hadrons)  0  (_S) 5  r (0  + ev  v ) 3 x 10 sec
my          e W

where mu(mc) = muon (c-quark) mass. The decay D+ + ROZ+v can be

related to K' + #-£ v assuming approximately equal form factors

to give

r(D+ + Rog*v) =  mD 5 F
(mK)   f(xD)/f(xK  cot20( r(Ko + Tr-£+9)

where

2684
f(x) =1-8 x + 8x -X - 24x 2nx

mK                             +x  = - = ratio of KI mass to D  mass
D  mD

m
x  = -1 = ratio of A  mass to K' massK   mK

Using  r (K'  + A-e+v)  =  r (K  + Tr-e+v)  a  107 sec-1 gives  r (D+ + RIE+v) .
11 -1 310 sec The leptonic decay rates for a D meson can be esti-

* mated using the decay K + uv.  The.result is r(D+ + P+vv) =

(_D) r (K+ + 1.1+vli) e 2 x 108 sec-1, therefore r (D + Ev)/I' (D + .Ev +mK
hadrons) = 10-2 to 10-3.  In the same spirit, one estimates:

r(charm + hadrons) C: 3( c)5 cos20c  I'(v + eve\'1.t)U

12 -1- 10 sec

These rough estimates imply B£ = 10%. Dilepton events from neu-

trino interactions suggest 88 = 10% for some weighted average over

different charm particles produced. Recently DASP has observed28 24

final states with a single electron plus hadrons.  From the thresh-

old behavior they conclude the source's mass to be 1.8 to 2.0 GeV.

Their results are 20% 2 82(H + eX) 2 10% where H is some average

25
            over charged and neutral D mesons. The PLUTO group has found a

correlation between electrons and  K ' s with a (e+e- + eK'  +  X) = 3 nb
within systematic uncertainties of a factor of two. This can be
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compared  to the DASP 24 result  a (e e- +  e   +   hadrohs)   1.   1   to   4   nb.

The high track multiplicity  and  the soft electron momentum spectrum

of the events favors a charm origin rather than heavy lepton. The

electron momentum spectrum indicates a significant fraction of the
r (D + Kgv)

decays are D + K*(892 MeV)£v.  Estimates give - 1 and
r (D.+ K"Ev)

1 (D + Ktv) + r(D + K*iv) 0 80%34,35,36 (which seems consistent with
Ttot semileptonic

the data).

For the hadronic decay modes of the D-meson the statistical-

isospin mode137,38 provides some useful estimates. In particular

+                      r (D + Kin t)
for D + K'nw-,.the model predicts = .13, .12, .11,r(hadronic)

and .04 for n = 1, 2, 3, 4. The predietions of this model can be

compared to the SPEAR results17at E = 4.03 GeV which are
- cm

28(Do + K-A+) 0(Do) = 0.52 t 0.05 nb

28(Do + Koir+A-) 0(Do) = 0.80 i 0.21 nb
28(Do + K-2ir+A-) 0(Do) = 0.72 i 0.18 nb

28(D+ + K-2A+) a(D ) = 0.27 f 0.05 nb

with systematic uncertainties of 50%.  If ((D') is taken as an

unknown, then the data is consistent with the statistical-isospin

model estimates·.  However using an independent estimate of a (D') 39

and the data gives branching ratios slightly smaller than the pre-
A

dictions. 38  For Ks#i, one expects .28(01- + Rv +) a (D+) - .35 nb,
using the model and the SPEAR result for 28(D+ + K-27T+) a (D ).  A

0 +Ks A-  signal this large should be detectable.   Thus the data

suggests B(D+'+ KIA+) may be. as small as 3 to 5%.40

The following sections contain a description of the experi-

mental apparatus, data analysis, and results.



9

II. Experimental Details

A.  Beam

The photon beam is produced using 400 GeV protons at Fermilab.

A diagram of the beam line located in the Proton-East Area is

shown in Fig. 1. 30. 41,42,43, lili Protons strike a beryllium target

(305 mm long, 1.5 mm wide, 7.6 mm high). Charged particles are

bent into a beam dump by sweeping magnets. The resulting neutral

beam is produced at 0' relative to the proton beam line and con-

tains neutrons, photons, K  mesons and other neutral particles.

In order to produce a photon beam, a 34 m liquid D2 attenuator is

downstream of the proton target.  The D2 attenuator is surrounded

by sweeping magnets to remove charged particles produced by the
..

interaction in the D2.  The neutron to photon ratio is estimated

to be reduced by approximately 200 from the production ratio.

The detector located in EE-4 is about 120 m downstream of the

proton target.  The size of the photon beam is determined by a

fixed aperture collimator (Coll. 1 in Fig. 1). The aperture used

for this experiment gave a 5 cm x 5 cm beam spot in EE-4.  Addi-

tional fixed and variable aperture collimators reduced the beam

halo.

Several steps were taken to reduce the muon flux at the

detector. Toroidally wound muon spoiler magnets were placed

before and after the proton target. The aperture of some of the

sweeping magnets was increased to reduce scraping due to beam

halo.  Finally steel shielding was added just upstream of the

detector area.
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11The primary proton beam intensities were typically 6-8 x 10

protons/pulse over a 1 sec spill. The maximum rate of about
12

2 x 10 protons/pulse was set by the maximum allowed current

drawn by the multiwire proportional chambers (MWPC's).  The proton

intensity was measured using a secondary emission monitor (SEM)

located 6 m upstream of the proton target. Targeting efficiencies

were monitored using segmented wire ion chambers (SWIC's) and ion

chambers. A Wilson-type quantameter was used to measure the

photon beam power.  The quantameter calibration constant was

measured to be 416 ions/GeV. 45

The resulting photon spectrum is shown in Fig. 2. (See

Appendix A.)  Backgrounds due to neutral hadrons and the status

of the liquid D2 attenuator could be studied by remotely inserting

one to six radiation lengths of lead into the beam.

B.  Detector

1.  Introduction

The detector, shown in Fig. 3, consists of a magnetic

spectrometer, trigger and veto counters, and a particle identifi-

cation system.  The particle identification system includes an

electromagnetic shower detector, a hadron calorimeter, and a muon

identifier. Table I contains a list of symbols and abbreviations

used frequently in the next two sections.

2.  Spectrometer.

The magnetic spectrometer has five multi-wire proportional

chambers (MWPC) and a vertical bending magnet with a field integral

of 20 kG-m. The bending magnet gave a 0.595 GeV/c change in
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Table I: Symbols and Abbreviations

Symbol Description

ABl, AB 2 Wide angle veto counters just downstream of the target

ACE Data transfer controller

ADC. Analog to digital converter

Ap + AO One or more charged particles in veto counters

AWl-4 Wide angle veto counters mounted upstream of the
i target behind Pl

83 One or more charged particles immediately downstream
of the target

CR Coincidence register

le le buss line, greater than 7 GeV in either left or
right front shower counters

E            Energy requirement on sum of hadron calorimeter and-           tot
shower detector energies

EI Counter hodoscope just upstream of shower detector
(used to avoid Tro' S satisfying the le buss line)

EV Energy in both vertical shower counters

11, V Horizontal and vertical trigger counters

HC Hadron calorimeter energy requirement

(L'+ R)>0 Hits in two H counters and one V counter (or 2V and
1H) used in MG

L·R Hits in left and right side of MWPC's and H, V array
(used in buss lines)

MG Master Gate

MWPC >0 ,1,2 Greater than (0,1,2) tracks in multi-wire proportional
chambers (PO-P4)

lu           lu buss line, hits in at least one·vV and PH counter

PH,     11 V Horizontal and vertical muon counters

TGI Trigger input generator

TGO Trigger output generator
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transverse momentum of charged particles. The magnetic field was

measured using standard techniques at Fermilab and calibrated

absolutely with an NMR probe.  Each of the five MWPC (PO through

P4) contains three wire planes, one oriented vertically, and two

at i 11.30 degrees from the horizontal.44 The wire spacing is 2 mm

in all planes except the last vertical plane in P4 which has 3 mm

spacings.

3.  Trigger and Veto Counters

A variety of scintillation counters were used for fast trig-

gering and vetoing.  At the upstream end of the·detector about 2 m

before the photon target is a vertical array of counters (AO and

Au, see Fig. 4).  The purpose of these .counters is to veto events

due to muons or other charged particles not produced in the photon

target. The counter AO is placed directly in the beam and is 61 cm

long, 41 cm wide, and 1.6 mm thick.  The six Au counters surround

the photon beam and are 122 cm long, 20 cm wide, and 6.3 mm thick.

Three scintillation counters (B3, ABl, AB2) are in a horizontal

array 51 cm downstream of the photon target. These counters are

38 cm long, 7.6 cm wide, and 1.6 mm thick. The counter B3 is

downstream of the target to detect an interaction which produces

forward charged particles. Because of the high rates in B3 , the

last few dynode stages of the B3 photomultiplier base were con-

nected to an "afterburner" (DC voltage source). ABl and AB2 are

positioned above and below B3. The ABl. and AB2 counters were

preceeded by 6.3 mm of lead to convert photons. These counters

signal the emission of wide angle particles or showers from  0.

A set of four counters (AWl through AW4) positioned just outside
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the active area of the chamber Pl, signal wide angle charged

particles that will not pass through the bending magnet. These

counters are 66 cm long, 41 cm wide, and 6.3 mm thick. For trig-

gering purposes we call an event "diffractive" if none of the

following counters fired: ABl, AB2, AWl - AW4. The H and V

scintillation counter arrays were made up of twelve horizontal

counters and eight vertical counters (shown in Fig. 5). The array
+-

has a 6.3 cm wide vertical gap to allow e e pairs to pass. To-

gether with B3, this array provides the basic fast trigger for

this experimeht; charged particles from the target of which one or

more pass through the detector (H and V array). The H and V

counters were provided with an "afterburner" as was B3.

4.  Particle Identification System

The particle identification system (Fig. 6) consists of an

electromagnetic shower detector43 j a hadron calorimeter,   and  a  muon

identifier. The electromagnetic shower detector has farty-six

counters containing alternate layers of scintillator (4.8 mm thick)

and Pb (6.3 mm thick).  The active area of the scintillator in a

counter is 51 cm long and 15 cm wide. The shower detector is split

into left and right halves to allow the intense vertical band of
+-

e e  pairs to pass through the gap. Each side of the detector has

a front and rear array of counters. The upstream array has eleven

counters each containing six Pb-scintillator layers (six radiation

lengths). The downstream array has twelve counters each containing

sixteen Pb-scintillator layers (sixteen radiation lengths).

In addition to these forty-six counters, two counters (six-

teen radiation lengths) were hung vertically above and below the
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beam in the vertical gap.  These vertical counters provided some

information on electromagnetic showers not contained in the main

.          array and also shielded the part of the hadron calorimeter directly

behind the vertical gap. Each scintillator sheet is surrounded by

Alzac aluminum for light collection and mechanical support. The

scintillator layers are fanned into a lucite mixing block through

lucite light pipes. Several steps were taken to improve light

collection uniformity.  A yellow filter was placed between the

mixing block and the photomultiplier (58 AVP). Yellow light is

attenuated much less in scintillator than, say, violet to UV light,

therefore the yellow filter improves light collection uniformity.

The 11 cm diameter photomultiplier tubes have non-uniformities of

30% across the face of the tube. This is reduced to a 5% effect

by aligning the axis of maximum uniformity of the tube with the

axis of shower development. The shower counters were calibrated

using special e+e·- runs (see Appendix A).  A light pulser system

monitored the stability of the detector.

Scintillation counters (EI 1-10) are placed directly upstream

of the shower detector and mask the active area of the central five

front shower couhters on each side of the beam. A charged particle

is required in the matching EI counter before the corresponding

shower counter is included in the shower counter energy requirement

used in various trigger requirements (le for example, see Section

II.C.2). In this way false single electron triggers caused by

neutral pions (AO.+ Ty) are avoided. The EI counters cover only

the central horizontal region of the shower counters which view

the target directly (hence those counters which may contain photons
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from the #0 decay).

The hadron calorimeter has twenty-four sheets of steel 180 cm

wide, 200 cm high, and 4.5 cm thick interspaced with 6.3 mm sheets

of scintillator.  There are twenty counters, ten on each side of

the beam, stacked five high and two deep (only sixteen were in use

for this experiment).  Each counter has twelve sheets of scintil-

lator connected to a single photomultiplier (58 AVP). Sixteen of

the counters have scintillator sheets 89 cm long, 46 cm wide, and

6.3 mm thick.  Four counters have scintillator 89 cm long, 15.2 cm

wide, and 6.3 mm thick. The steel sheets have a 15 cm square hole

to allow the beam to pass through.

The muon identifier consists of a steel shield 122 cm thick,

a horizontal array of twenty-two scintillation. counters (UH),

another steel shield  61 cm thick,   and  a vertical. array of eighteen

scintillation counters (PV).  Each of the UV (PH) counters is

122 cm (91 cm) long,.20 cm wide, and 6.3 mm thick. An additional

muon counter (PH-23) was placed downstream of the main array in

the  beam  line and· shielded by roughly  the same amount of steel.

The muon counters.were connected to 8575 photomultiplier tubes.

C.  Electronics

1.  Data Acquisition System

A diagram of the electronics is shown in Fig. 7.  This system

must receive signals from various types of detectors, choose

potentially interesting events and write them onto magnetic tape

without introducing large deadtimes.  Event selection is done on

two levels. First, a fast trigger (master gate) based on coinci-
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dences between scintillation counters and/or pulse height require-

ments is generated. The trigger is made as loose as possible

without introducing large deadtimes. The second level of event

selection is done using DC (Nevis) logic. In this way up to six-

teen types of events with sixteen different requirements (buss

lines) may be selected. The events chosen are written onto

magnetic tape by the Sigma-2 computer. The remainder of this

section will follow the event selection process through in more

detail.

The master gate logic is shown in Fig. 8. The presence of

two or more particles at the rear of the spectrometer is indicated

by a coincidence in the H and V counter hodoscope.  The outputs of

all the H and V counter discriminators are fanned into sum modules

which give >0 and >1 outputs for each array (H and V).  Two parti-

cles must intersect a minimum of two H counters and one V counter

(or two V counters and one H counter) to form (L + R) >0.  The

counter B3 indicates a charged particle from the target.  The

counter AO indicates a charged particle in the beam or beam halo.

HC implies that a minimum of about 40 GeV of energy was deposited

in the hadron calorimeter.

The inputs to the "confusion logic" are (L + R) >0, B3, and

(AO + HC).  The confusion logic generates a >1 output if any two

of the three inputs are satisfied and if:

1)  No previous input for 100 ns,

2)  No output for 250 ns,

3)  No external veto.

Similarly a >0 output is generated if any one of the three inputs
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is satisfied. The master gate is formed from the >1 output of the

confusion logic. The first requirement helps to reduce deadtime

due to a large flux of particles hitting the target in a short

time (bad spill structure) or charged particles in the beam. This

is why AO is included in the master gate. The second requirement

insures that master gates will not be sent to the DC logic while

it is still busy. The external veto stops any master gate from

occurring while the Sigma-2 is reading out an event or while the

DC logic is waiting for readout. Most of the data satisfied the

standard two or more charged particle trigger (B3 * (L + R)>0).

The trigger (B3 * HC) indicates one or more charged particles from

the target which pass through the gap in the H and V array, but

leave significant energy in the hadron calorimeter. The trigger

(HC * (L + R) >0) is a strange particle trigger (Ki  A, etc.). InS'

this case a neutral particle decays downstream of the B3 counter

and satisfies'the HC and (L + R) >0 requirement, but not B3. In

addition to sending out a master gate, the confusion logic sends a

clear and gate to the MWPC interface and also keeps track of logic

livetime. If the DC logic decides to keep the event, the clear

pulse is delayed, otherwise the MWPC registers are cleared. The

confusion logic >0 and >1 outputs are scaled for all outputs (no

logic deadtime) and for those outputs sent to the DC logic, this

ratio (>1 with deadtime/>1 without deadtime) gives the logic

deadtimes.

The >1 output from the confusion logic is sent to the trigger

input generator (TGI). The TGI sends a clear and delayed gate to

the coincidence registers, and a strobe for the pin logic. Each
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time the TGI accepted a trigger, a logic deadtime was generated to

prevent accepting another input trigger during the.time needed to
propagate the DC logic, make output triggers and store the event

into the data buffers.

The coincidence registers (CR) which generate DC latches

contain information from scintillation counters, dynode signals

from the shower detector and hadron calorimeter, and trigger mixer

signals from the MWPC's. Once the CR's are filled, no further

time coincidence operations are needed. The outputs from the CR's

go to the CR logic system and the data buffer. The CR logic

system provides up to sixteen logical definitions which are then

distributed to a data buss (buss lines) to which sixteen indepen-

dent pin logic modules connect. Each of the sixteen pin logic

modules defines a trigger type according to interhal connections
corresponding to true, false, or don't care for each of the six-

teen buss lines.  The TGI sends a delayed strobe to the pin logic

modules. The outputs of each of the pin logic modules are sent to

the trigger output generator (TGO) where  they  are or'ed together

to form an output trigger. Each of the trigger types from the pin

logic can be "prescaled" so that the mixture of trigger types can
be controlled. Separate outputs from the pin logic modules (not

prescaled) are sent to scalars.

After receiving the event trigger, the TGO sends out gates

for the pulse height digitizers (ADC's) and a strobe for the data
buffer to save the event for readout. At the same time, the TGO

sends a read pulse to the data transfer controller (ACE) and

generates a system deadtime which is extended by the readout
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system to allow the event data to be transferred to the buffer

memory. During system deadtime the TGI accepts no input events

and holds the MWPC clear. After the event data is transferred to

the buffer memory, ACE signals the system is ready for .another

event.  This process continues until either the buffer memory is

full or an end of spill signal is received. At this time an

interrupt is sent to the Sigma-2 computer which reads in the events

from the buffer memory and writes formatted data onto magnetic

tape. Each data event is about 150 (16-bit) words long and the

buffer memory capacity is 32K. Therefore, we may take approxi-

mately 200 events per pulse before the memory fills up. Since

the beam spill repetition rate was about ten seconds, the Sigma-2

is free to act as a monitor when it is not busy writing data onto

magnetic tape. A main foreground program formats data written on

tape, fires the light pulser, and accumulates statistics on beam

monitors and pin logic types. Pulse height information from each

shower counter and a monitor photodiode was written on magnetic

tape and printed out at the end of each run (data tape) along with

the other information accumulated by the foreground program.  A

background program which ran while the foreground program was idle

analyzed a sample of events. Various distributions and individual

events could be displayed on the on-line CRT display. The back-

ground program also accumulates in·formation on the number of

tracks per event, MWPC efficiencies and average hits per plane,

trigger types and hit patterns in the H x V hodoscope. This infor-

mation is also printed out at the end of each run.
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2.  Single Lepton Event Triggers

In this section, the single lepton triggers (Pin logics' le

and lv, see Fig. 9) will be discussed. These are only two of a

45variety of triggers (pin logics) used in this experiment.

The single muon trigger (Pin logic lu) had the following

buss line requirements :  AO + E Ali, AB + AW,.  ·R· EV, MWPC >1,

L · R, lu and .Etot > Lo, where a R means veto on X. The counters

AO  + S Au veto counters with charged tracks  in or around  the  beam

upstream of the target. The counters AB + AW·veto events in which

one or more wide angle particles do not pass through the detector

as discussed in section II.B.3. We refer to events in which there

are no hits in counters ABl, AB2, or AWl-AW4 as "diffractive"

. events. In the MWPC readout system eight wire signals connect to

an amplifier card which sends outputs to the MWPC coincidence

register. In addition, each card provides an "OR" output of the

eight wires. The "OR" or trigger mixer signals were used in the

buss lines containing MWPC information. A  schematic  o f  the  MWPC > 0,

>1, and >2 buss lines is shown in Fig. 10, where >0 stands for at3

least one hit in each of the three MWPC planes (u, v, x) and >1 2

(>22) stands for at least two (three) hits in two of the three

planes. Therefore the MWPC >1 requirement eliminates events where

there is no chance of reconstructing more than one track. The

trigger mixer signals are also used to form an "OR" of larger

groups of wires. For example all the wires in the x-plane to the

left  of  the beam region  can be grouped  into  a  L "OR" output.     A

central vertical band of wires is omitted to avoid Bethe-Heitler
+

e e- pairs just as.the H and V counters are split.  These outputs
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along with information from the H and V counter array are used to

form the buss lines L·R and i·R· EV.  L·R requires at least

two particles in the detector, one on each side of the central

vertical gap. EV stands for EV1 + EV2 where EV1 and EV2 are the

vertical shower· counters. The L·R·E V veto eliminates events

with more than 7 GeV deposited in the vertical shower counters and

no tracks outside the beam region. Events of this type are likely

to be Bethe-Heitler e e- pairs.  The lp buss line is satisfied if

there are one or more muon counters on in each of the two planes

of counters (PV and PH). E is formed from the addition oftot

dynode signals from the shower detector and hadron calorimeter.

The Lo threshold corresponds to about 15 GeV deposited in the

.

shower counter and hadron calorimeter. This requirement eliminated

events that have a large fraction of their tracks (energy) missing

the active area of the detector. The single muon trigger requires

basically two or' more particles in a "diffractive" event with at

least one muon counter in each of the two planes firing.

The single electron trigger (Pin Logic le) had the follow-

ing buss line requirements:  AO + EAU, AB + AW, L·R (or

E.R. · EV), MWPC >1, le, and E > Hi. After about one-half oftot

the data taking period L·R was replaced by L·R· EV.  This had

a slight effect on overall trigger rates. The E >Hi corres-tot

ponds to about 40.GeV. The le buss line used dynode signals from

the front bank of the shower counters to require greater than

7 GeV in either·the left or right front bank (EFR + EFL). The

central front shower counters were gated by the EI counters as

discussed in section II.B.3.  Thus the single electron trigger
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requires  two  or more particles  in a "diffractive" event  with

evidence for activity in the shower detector. The effect of

making these trigger requirements is given in section III.

r

9
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III. Data and Results

A.  Overview

In this section the results of a search for the photoproduc-

tion of a pair of charmed D mesons are presented.  This experiment

is able to identify neutral V"s (K$, A, A) and leptons, but not

charged pions, kaons, or protons. We have searched for the

reaction

y + Be + DD + X

'    4 leptons  +  . . .
 -9 Ko nE:t

where X could include pions or photons from the production of D*'s.

The KI and lepton are identified and all other tracks are assumed

to be pions.  The invariant mass spectrum for K' nwi (n = 2-6) is

calculated.  We then look for an excess of events near the D meson

masses.  Details of K  and lepton identification, background

studies, and the results of the search are presented.

B.  Data Selection

The raw data tapes written by the on-line computer were re-

analyzed to reconstruct the tracks in the detector. At this point

the data is a mixture of many trigger types (single lepton, dilep-

ton, hadronic, and monitor triggers). First, all events containing

K 's were selected.  Second, events with lepton candidates were

;           selected from the K2 events.

The following cuts were made to select the K  events of

interest:

1.  A neutral V' identified as a K 0
S
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2.  Two 6r more additional charged tracks which verticize

within i 12.7 cm of the center of the target along the

beam direction

3.  Four to eight tracks

4.  No prongs

5.  Total energy of all charged tracks less than 300 Gev

A Vo is defined as a pair of oppositely charged tracks which ver-

ticize more than 62 cm downstream of the production target. The

V' track vector is required to intersect the main vertex within

the production target. (See Fig. 11).  The V' is identified as a

K' if the mass of the two tracks (assuming both are pions) is 498

f 10 MeV.  The minimum number of tracks of interest is four, since

we must have a lepton, a Ks which decays into two pions, and at

least one other track to form the Ksnw mass spectrum. The total

number of tracks is required to be less than nine to reduce the

number of combinations in K'nA mass plots and to reduce the number

of neutron induced events. Since the neutron energy spectrum

peaks at energies above 300 GeV for 400 GeV incident protons and

the number of photons with energy greater than 300 GeV is small,

we require the total energy of the tracks to»be less than 300 GeV.

A "prong" (or stub) is defined as a track which passes through the

chambers upstream of the spectrometer magnet, but does not pass

through the chambers downstream  of · the magnet.      This no prong  cut

:          is included to be consistent with the "diffractive" trigger

requirement (AW + AB) introduced in the lepton triggers used in

the next set of cuts. The effect of excluding events with wide

angle particles which miss the detector is included in the Monte
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Carlo calculation of the acceptance used to determine cross-

sections (Section IV.A).  The K8 mass spectrum for the 84,000

events passing these cuts is shown in Fig. 12. In Fig. 13 We show

the K821 mass ·spectrum to illustrate the continuum of events we

observe in KinA mass spectra before the lepton cuts are made.

From this sample of K' events, we want to select events of

the form K8nA* + lepton + other tracks where n = 1-4.  We first

require the lepton trigger (Pin logics le and lu) and then require

additional,cuts for leptons to be satisfied.

Applying the single muon trigger reduces the 84,000 K' events

to 3,400 events. The single muon trigger requires a single muon

counter in each plane (horizontal and vertical) of the muon counter

array, but does not match a track with the two muon counters. We

therefore require the track of the muon candidate to project to

within the radius of search of one muon counter in each plane.

The radius of search was taken to be three times the root-mean-

squared displacement expected from multiple scattering. This cut

left 1,200 muon candidates from the KE data sample.

Applying the single electron trigger reduces the 84,000 Ki

events to 22,000 events. For an electron candidate we require

(1) that almost all of its energy be deposited in the shower

counter and, (2) that it has the longitudinal shower development

characteristic.of an electromagnetic shower. The data sample is

reduced to 2,000 events by the following cuts:

1.  .8 < E/p < 1.2 where E/p = shower counter energy/track

momentum

2.  .5 <f< 1.5 where
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E F
f E £„C p  )(      )

..022 GeV EF + EB

N = normalization constant to put the peak of the f

distribution at 1.0

p = track momentum measured by spectrometer

EF (B) = energy deposited in the front · (back) shower

counters associated with the track

The momentum dependence of ( ) is removed by the term
EF

EF + EB
En( P )   The average amount of energy deposited in the front

.022 GeV '

shower counters(six radiation lengths)is inversely proportional to

the shower maximum at that energy, where £n( ) is theP
.022 GeV,

position of the shower maximum in radiation lengths. The effec-

tiveness of these cuts in rejecting hadrons in two track events

can be determined by comparing pions from the decay p(770 Mev) +
+-

A T to electrons produced in special spectrum and shower counter

calibration runs (Appendix A). The E/p and f distributions are

shown for electrons and pions in Figures 14 and 15.

At this stage of the analysis we see no evidence for a large

K'-lepton correlation based on the number of events in the final

data sample (see Section III.D).

C.  Results

The results of the preceeding analysis gives the final muon-

Ki and electron-K  data samples.  To look at the data in a more

sensitive way, we now calculate the invariant mass spectrum for
.

the K8nw combinations.  The formula used to calculate the invar-

iant mass  (M)  is .M2 = EE mi j where i and j range  from ·one to the
ij

total number of tracks  and mi   =  m   + m   +  2EiEj  -  2;i  '  ;j ·
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The resulting mass spectra are shown in Figures 16-19. If there

had been appreciable DB production accompanied by semileptonic

decays in our data, we should have seen an accumulation of events
!'

at the D mass. We see no evidence for peaks in the mass spectrum

near the D mass.  There is a small peak in Ks4A in the electron

sample, however the number of events is not statistically signifi-

cant (compared to the number of events in adjacent bins).

D.  Backgrounds

The background is a combination of both photon and non-photon

induced events with one of the tracks misidentified as a muon or

an electron. We attribute the non-photon induced events to neutral

hadrons (predominantly KL's) in. the neutral beam.  In this section

we discuss, first, the number of background events we expect from

lepton misidentification and finally, what fraction of these events

are photon induced.

The fraction of events misidentified as leptons can be de-

termined by looking within the data sample of K' events.  The

fraction of the tracks from the K' identified as leptons is

measured and attributed entirely to misidentification, or,, in the

case of muons, decays in flight. The measured ·A/W rejection is

7.3 x 10-3 per track. This agrees with an estimate of the A/u

rejection which assumes all muons are from pion decays.  Using cr

of the pion and the length of the pion decay path.gives a 1/w

-                                       -2
rejection of approximately 10 The 1/e rejection measured

-                                                      -2using the tracks  from ·the KI decay  is  1. 8  x  10 per track.    The

total number of events we observe in the final lepton-K' data
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sample is consistent with the number of background events we ex-

pect using the measured #/u and w/e rejection. If there were

enough events with the K'nwi masses near the D masses we could

: repeat the background calculation using those events only. Unfor-

tunately the number of events left is small and the statistical

errors are large. Within these.limitations the number of events

observed is consistent with being entirely due to lepton misiden-

tification.

The non-photon induced background is most likely due to

neutral hadrons in the beam. For example, a KL·will produce Kisn TT

events with a cross-section of the order of millibarns whereas

the cross-section for photoproduction of K"s is a few microbarns.

The ratio of KL's to photons in the beam is of the order of 10-2.

Therefore if one selects K' events, the KL background becomes

important. To measure this background we insert six radiation

lengths of lead into the neutral beam to effectively remove the

photons. Background runs were taken interspaced with normal data-

taking runs. We find that for the entire mass spectrum approxi-

mately 60% of the final lepton-K' events are Kt induced.
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IV. Sensitivity of Search

In the following section our sensitivity for observing DB

5            photoproduction is estimated using the results of the previous

section along with theoretical branching ratios and models of the

production mechanism. Some experimental information exists on

various branching ratios, however one must rely on theoretical

models completely for the production mechanism.  Therefore the

largest uncertainty in obtaining cross sections involves the pro-

duction model used in the Monte Carlo calc&lation of the acceptance.

The number of events observed is related to the cross section

by

N        =  20(y  +  Be + DB +  X)  B  €  F Acc.evts

where

N     = Number of events observedevts

B     = Product of branching ratios
+-(B (D +  1  +  . . . )  B(D+  KinTrf)  B (KI  +  Tr  Tr  ) )

E     = Experimental detection efficiency

F     = Flux.= NA NY

N     = Effective number of atoms in the targetA

N     = Number of photons in beamY

Acc. = Geometric acceptance

A.  Flux and Acceptance

'                 The effective number of atoms in the target is given by

N  = NopLeff
A

A
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where

No   = Avagadro's number

p    = Density of target material

A    = Molecular weight of target material

7x
L  -9 X

Leff =f e 0 dx
0

L    = Physical length of target

X    = Radiation length of target0

A 2.46 cm long beryllium target was used for this experiment.

Inserting the values for beryllium (p = 1.846 gm/cm3,A=9 gm,

and Xo = 35.7 cm) gives NA = 2.96 x 10 cm23 -2

The factor.N  is determined using the photon energy spectrum

(Fig. 2) normalized to the quantameter reading for the data sample

analyzed. The quantameter measures the photon spectrum power (Qc)

in Q coulombs where c is a conversion factor. The quantameter

reading  for  the data sample  is  Q = 2..97  x 10-3 coulombs which gives

QC = = 4.46 x 10 GeV.(2.97 x 10-3 coulombs) 13

(416  ions/GeV) (1.60  x 10 coulombs/ion)-19

dNThe photon spectrum (  Y) is normalized such that the photon
dK

dNyspectrum power (Qc =f K --dR dK) agrees with Qc measured by the

quantameter. For the final states considered the acceptance for

events produced from photons of less than 100 GeV is negligible.

We therefore calculate N (K = 100-300 GeV), the number of photons

           with energy between 100 and 300 GeV.  The result is NY(K = 100-300)
11= 1.13 x 10 photons.

The model used for the Monte Carlo calculation of the accep-
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tance assumes a DB pair is produced with a mass (MDB, and a trans-

verse momentum according to e We have assumed the DB pair is
-bpl

produced near threshold (hence MDB = 4.0 GeV) and we have taken

b = 2.  All decays were generated according to isostropic angular

-           distributions in the center of mass. The energy of events was

generated with an exponential distribution (e ) according to
-K/47

the slope of the measured photon energy spectrum. Each event is

required to have all tracks pass through the detector, since the

single lepton trigger contained a veto on wide angle tracks

missing the detector.  The acceptance values obtained for K'nA :t

states accompanied by leptons are .02, .015, .012, and .008 for

n = 1, 2, 3, 4. The acceptance is reduced by approximately two

DDif M - is taken to be 5.0 GeV rather than 4.0 GeV. The acceptance

is relatively insensitive to the value of b, for example, taking

b = 6 changes the acceptance by less than 20%.

In addition to the dependence on M - and b, the acceptanceDD

depends on the number of tracks in the event, because of the veto

on wide angle tracks used in the trigger. We have taken

r (D + Kiv) = I'(D + K*tv) and together to be'80% of all semi-

leptonic decays which is consistent with experimental data.

Presumably multi-pion decays (D + Ka tv, etc.) will make up the

remaining 20% and will be suppressed due to our veto on wide angle

particles. If all the decays occurred with K*, the acceptance

will be reduced by about 30% due to the additional tracks from the
„

K* decays.  From the SLAC data we know the dominant source of D"s

is from D*05*0 or Do5*0 + D*050 where D*0 + DoTo(or y).  The To

(or y) will not trigger the wide angle veto counters.  For Di
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production, however, one finds either one or no additional charged

pions, for example

D*+ D*-
1-D    D- Tr I  (or     y)

4 KsiT-

-4 DITT+ or D Tr Cory)
+0

|-4 K g v l.-* K£v
O+

+ Tr 0We have assumed r (D*+ +D 1T )- r CD*+'+ D (Or Y)). Decays with-

an additiohal charged pion from the D* decay are suppressed by a

factor of about two relative to those with no additional tracks.

B.  Experimental Detection Efficiency

The experimental detection efficiency includes the elec-

tronic livetime, the efficiency of the lepton cuts, and the

detection efficiency of counters and MWPC's. The electronic live-

time includes the logic livetime as well as system livetime as

discussed in the section on electronics (II.C).  The overall

electronic livetime is then

2(livetime) = E Pin logic ·B x E M G' -D
E Pin logic E MG

where 5 means the appropriate electronics are live and MG means

master gate. The result is €(livetime) = 61% for both the single

muon and the single electron pin logics (or triggers).

The efficiency of identifying mouns has been studied in

special test runs where the collimators are closed and single

upstream muon tracks are used to find the efficiency of the muon
U

Cuts. The result is £(muon cuts) = 96%. For electrons the

efficiency is more difficult to determine.  For two track events,

the efficiency of electron cuts can be studied using electron pair
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data taken in special spectrum and calibration runs.  The E/p and
f cuts are 90% efficient for two track events. In higher multi-
plicity events some fraction of the electrons will be lost due to
one or more tracks hitting in or near the same shower counters.
We estimate that on the average roughly two-thirds of the single

electrons will be lost to this overlap problem, giving an electron
efficiency of approximately 60%. The efficiency of the counters
and MWPC requirements used in the master gate and single lepton

triggers gives €(counter + MWPC) = .90. The details of these
estimates are described in References 41 and 43. So finally the
overall detection efficiency is given by

E    = £(livetime) E(lepton cuts) €(counter + MWPC).tot

The results are Etot(muons) = .53 and Etot(electrons) = .30.

C.  Cross Section Estimates

For estimating cross sections we have used muons rather than
electrons, because of the better detection efficiency and hadron
rejection for muons. The results of the calculations of N., N ,8   Y
and E (muon) of the previous sections can be combined withtot

B(KI + A+A-) = .34 to give

Nevtsa(y +Be +DD +  X)  B (D + 2 +...)  B.(D + Konirt) = x (.082 nb).Acceptance
The masses of the D' and D  mesons obtained at SLAC are

1868 f 2 MeV and 1876 i 15 MeV respectively. The mass resolution

has been calculated using a Monte Carlo program.  This is done by
generating horizontal and vertical positions in each chamber with
Gaussian distributions about the projected position in that chamber.
The calculated mass resolution (full width at half maximum) for

1 A
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Kinwi is about 40, 30, 25, and 20 MeV for n = 1, 2, 3, 4.  For the
purpose of calculating upper limits, we have taken a mass cut

-        about the Do mass that includes one-standard ddviation (t la) on

either side of a narrow mass peak.  For the D+ mass cuts, N     isevts
the maximum number of events in any mass bin (width f la) in the

region of the D+ mass. (This is necessary since the uncertainty
of the D+ mass is larger than our mass resolution for Df + K'3*f.)

The number of events observed is then corrected for the (f la) cut
in mass.  The values of 0(y + Be + DD + X) B(D+ Z + ...) B(D +
0 +K nA-) obtained are shown in Columns IA and IB of Table II.

Column IA shows the maximum cross section obtained by a straight-

forward calculation attributing all observed events within the
D mass cut to D mesons. Column IB shows the 90% confidence level

upper limits on the cross sections found by estimating the level
of background using events in neighboring mass regions of the D
meson (t 150 MeV). Increasing the width of the mass cut from two
to four standard deviations does not affect the upper limits

appreciably.

In order to estimate 0(yp + DB + X), we have. assumed

B(D +e+ ...) =B'(D +W+ ...) =.10 and B(D + hadrons) =.80. As

discussed in the introduction the statistical isospin model gives
predictions for BCD + K'nwi) which are consistent with the SLAC
results with the exception of B(Di + K'At).  We have used

B (Di  +  Kiwi)= .03 implied  by the experimental data rather  than
B (Dt + K'Trk) =.10 predicted by the model. To convert the cross

section on a beryllium nucleus to the cross section per nucleon
we have divided by nine. The resulting cross section estimates



Table II: Hadronic Events in Coincidence with Muons

Column IA, IIA: N = N E Background events observed within D mass cutevts

Column IB, IIB: N = N'E 90% confidence level upper limits on excess
evts

events based on estimated background level
within D mass cut

Column I Column II*
(nanobarns) (nanobarns)Hadronic Type CBe x B(D +1+ ...)x

Accompanying Muon Acceptance    N    N'         8(D + KonA*) a (yp + DB +  x)

A       B           A       B
- -- -

U1

K 7T- .02        1 2.9 6.2 18 230 660    w0+

0+ -K A T .015       4 3.5 32       28 360 310

0+ + -
K 7T-TT 7T .012       3 3.8 30 · 38 370 470

Ko 47T .008       1    2.5        15 37 540 1370

*Assumed Branching Ratios:

Semi-leptonic u = 0.10

K A =  .030

K021   =  .10

K03A =    . 09

K04A   =  .03
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for Di and D'(59) production per nucleon are given in Column II of

Table II.  The predictions for c (yp + DE + X) range from 50 to

500 nb as discussed in the introduction. ·

In conclusion, we have searched for the photoproduction of a

pair of charmed mesons (DB) followed by the semileptonic  decay of

one D meson and the hadronic decay into K'nw  of the other D meson.

We observe no statistically significant accumulation of events at

the D meson masses in the K'n1i mass spectrum.  Establishing firm

upper limits is difficult because of uncertainties in the pro-

duction mechanism and branching ratios. The estimates of this

experiment's level of sensitivity are comparable to the upper

range of predictions of a(yp + DB + X) of about 500 nb.

I.
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Appendix A

Photon Spectrum and Shower Detector Calibrations

The photon energy spectrum and the shower detector calibra-

tion constants were measured using electron pair data. The meas-

ured photon spectrum is used in cross section calculations (see

section IV.A). The calibration constants are used to convert

pulse height information from the shower detector into energy.

The electron pairs are produced in special spectrum and

calibration  runs in which  a 0.0 4 radiation length  lead  foil  is

placed in front of the horizontal bending magnet (Ml in Fig. 11).

The purpose of the horizontal bending magnet is to spread electron

tracks over the shower detector. The trigger used for this data

was MG · (MWPC 51) where the master gate (MG) was 83 · (L + R) >0

(see Table I on page 14 for abbreviations).

The data used to determine the calibration constants was

required to pass the following cuts:

1.  Two tracks of opposite charge

2.  6 2 mr opening angle

3.  The tracks within 5 cm of active area of the·shower

detector array

4.· The tracks must pass through one and only one front

counter and one and only one back counter (within 3.8 cm

of the top or bottom of each counter)

In this way tracks were selected which deposited all their energy

in a single front counter and a single back counter. The energy

measured in the shower detector (E) is then given by
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E=a N  +a  NF F B  B

where aF (aB) is the calibration constant for the front (back)

shower counter and NF (NB) is the pulse height (ADC) reading for

the front (back) counter. Electrons should deposit all their

energy in these two counters, so we have E/p = 1, where E is the

energy measured by the shower detector and p is the momentum

measured by the spectrometer.  The calibration constants (aF' aB)

are obtained by minimizing the energy resolution subject to the

constraint that E/p should have an average value of one. In this

way the calibration constants for each of the forty-six counters

in the shower detector were found. Details of this method and

also of the light pulser system used to monitor the stability of

©           the shower counters are included in Reference 43. The E/p distri-

bution for electrons and pions is shown in Fig. 14. The energy

resolution is given by

AE 40
-E-(%) = /E- + 2.5.

The same electron data was also used to determine the photon

spectrum. Events used for the photon spectrum were required to

pass the following cuts:

1.  Two tracks of opposite charge

2.  9 2 mr opening angle

The photon spectrum is obtained by correcting the raw data for

geometric acceptance and electronic livetime. The geometric

acceptance is calculated as a function of the photon energy and

the fraction of this energy taken by the positron. The quanta-

meter readings were used to normalize electron data collected at
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several magnet currents which were required'to scan the full

photon energy range. The resulting photon spectrum is shown in

Fig. 2.

r
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Appendix B

Semileptonic Decays of Charmed Baryons

As discussed in the introduction, our experiment has observed

a narrow resonance which is a candidate for the charmed antibaryon

(Ac) decaying into *3A-.16 The observation of leptons in coinci-

dence with the X3w- signal would support the Ac interpretation,

since charmed baryons are expected to be photoproduced in pairs

(Ac Ac) and could have significant semileptonic  decay modes such

as A  + A£+v.  The A3A+ decay of the charmed baryon (Ac) was not
C

observed, possibly because the background is larger for A events

than for A events. This is due to the excess of baryons over

antibaryons in the neutral beam and the production target. If a

substantial fraction of charmed baryons do decay semileptonically,

then one might hope to reduce the background enough to observe the

decay Ac + A3w 'by requiring leptons.

An analysis of events containing lepton-A (or A) candidates

similar to the lepton-K' analysis (Section III) has been done.

The differences are that the data sample includes a variety of

triggers (multi-hadron, single lepton, and dilepton) and a A(or A)

is selected rather than a Ks.  A. neutral V' which is not identified

as a.K' and has an invariant mass of 1116 i 2 MeV assuming the more
S

energetic particle to be a proton (anti-proton) is identified as

a A (A).

Using this data sample we have searched for the reaction

Y+B e+A AC C

   L, Air- or X371+l--4  g   +  . . .
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or the charge conjugate final state containing A's. The mass

spectrum obtained for A'rr , A 3A , Alr-, and *3 r- occurring in

coincidence with opposite charge leptons has been studied. The

*3TT- and A37T  mass spectrum are shown in Fig. 20. We observe no

statistically significant enhancements near the Ac or Ac mass.

There are 106 A.3A- events with extra tracks in a 75 MeV mass bin

at the A mass. The background in each adjacent 75 MeV bin above
C

and below the Ac peak contains about sixty events.  Based on the

reduction of all A 37T- masses outside the Ac peak, we expect a

background of about 4.5 muons and 3.6 electrons from events within

the Ac mass peak.  We observe seven muon candidates and five

electron candidates within the Ac mass peak.  Thus there is no

statistically significant evidence in our data sample for an

appreciable branching ratio to semileptonic  decay modes of

charmed baryons.
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