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ABSTRACT

First results frum the SLAC-LBL Mark II mignetic detector at
SPEAR are p » The perf of the detector is discussed
and preliminary results are given on inclusive baryon production

D, e on decay modes of thc D mesons and on two-photon
production of n' meaons.
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I. XINTRODUCTION .

In this talk I will report some of the Eirat results from tha
Mark IT cxperiment at t'.¢ Stanford Linear Accelerator Center eto~
storage ring facility SPEAR. The first part will be devoted to a
deacription of the Mark Il detector and of its performance. Then 1
wvill show preliminary rosults on_a measurement of the inclusive pro-
duction of baryons {p, p, A and A) ovar the center of mass cnergy
rauge from 4.5 to 6 GeV in a search for a threshold of charmed
baryon production. Data on decays of charmed D mesons have been
accumulated at the ¢'' (3770) resonance and first results will be
given in part three from an analysis of about one third of the whole
data sample. Finolly, we have observed for the first time ovidence
for n' (958) production in two-photon collisions. We measured the
radiative width of the n' through this process as will be discussed
in the last part of this talk.

1I. THE MARK Il DETECTOR

A schematic view of the Hark II detector is shown in Fig. 1.
A particle that moves outwards from the ete™ interaction region
first traversecs the 0.15 mn thick stainless steel vocuum pipe and
two concentric 0.64 cm thick cylindricel fcintillation counters. Tt
then enters the drift chather! which contains 16 sense-wire leyers
of radii 0.4]1 m to 1.45 m. The wire otrientation is such as to pro-
vide the highest y in the se direction: 6 of the
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Fig. 1. Schematic view of the Mark I1 detector. (A) vacuum chamber,
(B) pipe counter, (C) drift chamber, (D) time-of-flight
counters, (E) solenodd coil, (F) liquid argon shower
counters, (G} iron absorber, (H) muon proportional tubes.
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Fig. 2. Bxumplc‘of a digtribution of the difference betwcen fitted
and measured track positions in the drift chamber.

layers have wires parallel to the beam axis and the other 10 are
at a small sterco angle ( £3°) with respect to tie beam axis.

The average apacisl resolution is about 210 ym per laver. Figure 2
shows an example of a distribution of the difference between fitted
and wmeasured track positions. The magnecric field is 4.1 kG and the
momenta of charged particles are measured with an accuracy
8p/p=[(0.010p}2 + (0.0145)214 where p is the momentum in GeV/e."

The drift chamber is surrounded by a layer of 2.534 cm thick
scintillation counters. Each counter is vieved on both ends by
XP2230 photomultipliers. With the beam crossing reference signal
they provide an rwa time~cf-flight resolution of 300 ps fau hadrons
and 270 ps for Bhabha scattered electrons (Figure 3).

Next, the particle traverses 1.36 radiation-lengths of sclenoi-
dal coil and support material and enters one of tha eight liquid
argon calorimeter modules? (LA). A module consis:s of a "massless”
trigger gap with 0.16 cm thick Al electrodes and two 0.8 cm thick
liquid argon gaps followed by 18 sampling lavers with 0.2 cm thick
Pb ground planes alternating with 3.7 cm wide, 0.2 cm thick Pb read-
out strips and 0.3 cm liquid argon gaps. These shower counters are
about 14 radiation lengt.s deep. The read-out strips are parallel,
parpendicular and at 45° to the beam axis giving an rms angular
Tesolution of about 8 mrad both in azimuth and dip angle. The rma
energy tesolution for electrons and photons at high energies
(2 0.5 GeV' han been measured to be SE/E = G.11//E (T in GeV).

An example for BDhabha scattered alectrons at the beam encrgy

‘The momentum Tesolution is &p/p=-+[(0.005p)2 + (0.0145)?3% \en
tracks are constrained to pass through thz krown beam pesitjon.
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Fig. 3. Expected time minus measured time from the TOF system for
a sample of Bhabha events at Bgy= 4-16 Cev.
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Fig. 4. Energy distribution in the liquid argon calcrimeter mndules
for a sample of Bhabbha scattered eclectrens at BCM' 3.684 GeV.



E=1.8+2 GeV 15 showm In Flgure 4. At lower energlos the resolution
is worite (0.13/ /E) becouse of the increasing mportance of the
cnergy less in the coll material. The measured efficiency for pho-
tons within the geometrical acceptance of the LA dJetector is showm
in Flgure 5 and agrees well with detalled electromagnetic shower
Monte Carlo calculations? (shown as curve in Figure S) which are also
used to correct the measurements for the eneTgy loss in the coil
material. The LA deteltor 1s also used for electron-pion separation.
Pion miaidentificaticn probabilities of less than 5% for electron
efficiencies above 75% are achieved for particle momenta greater than
500 MeV/c, and improve with higher momenta. Finally two 23 m thick
steel walls cach followed by one plane of proportional tubes are used
for the detection of muuas above pz 700 MeV/e.

The fraction of the full solid angle covered by the drift cham-
ber and TOF counters is about 75%Z, by the LA modules is 70%, and by
the muon detection system is 55%, At small angles relative to the
beams there are additional shower counters fat one end a liquid argon
calorimetur and at the other end two planes of proportiuwnal chambers
each preceded by }.1 cm of lead) which oxtend the solid angle cover-
age to %0% of 4m sr.

The detector is triggered with a two stnge hardware trigger®
that selects with efficiency 299% all interactlons that emit at least
one charged particle through the entire drift chamber and another
particle through at least its first 5 layera. The luminositv is
measured with independent showel counters detecting Bhabha scattering
at 22 mrad and checked against wide angle Bhahha events observed in
the detector. The systemabic uncertainty in the luminosity is less
than 67.

Tn Figure 6 we show a (particularly high multiplicity) example
of a multiprong hadrou event at Egy=5.08 GeV as reproduced by the
online event display. The event ig shown In the projcction into a
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Pig. 5. Detection elflciency for photons wlthin the geometrical
acceptance of the LA harrel modules. The curve is a
Monte Carle calculation.
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plane pcrpendicular to the beam axis displaying the track measure-
ments in the drift chamber, the time-of-flight counters and the 1i-
quid argon shower counters (with the corresponding energies in GeV).

III. INCLUSIVE BARYON PRODUCTION

The Inclusive production of baryons has been studied in a secan
over the center of maas energy range from 4.5 to 6 GeV. At this
early stage of the analysis we present resules for p, A and *
production, also including data from running at various fixed ener-
gles. The p and p identification has been done by the time-of-{light
measurenient. The A (A ) have beea observed by their vn~ (Fa+) decay
mode with a rms mass resolution of about 3 MeV/e?,

The results, correcced for the acceptance, are glven in Figure 7
as the ratio of the inclusive cross section to the u~pair preduction
cross section. To avoid beam-gas backgrounds, only the § measute-
ments have been used in the case of Figure 7(a); plotted is
R(p+p) = 20p Joyu» AL the errors shown are only statisticaly

T
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Fig. 6. Example of a (particularly high multiplicity) multiprong
hadron event at Eqy= 5.08 eV as produced by the online
event display. {(See text.)



the systematie uncertainty of R(p + p) and R(A + A) is eetimated to
be less than $£20X. The measurements are consistent with previous
experimentsS16 and confirm in more detail the tise in the inclusive
baryon production in c¥o” annihilation over the center of mass energy
range of about 4.5 to 5.5 GeV,
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Fig. 7. TInclusive 5 and A + A production, (a) R(p + p) = 20(R)/oy,
vE, c.M. energ¥. (b) R(A+A) = o(R+ AYlo,, vs. c.m, encrgy.
The Mark IT results arc preliminary, the syatematic uncer-
tainty for these measurementa §s estimated to be less taan
220Z, [Mark I is Reference (5); DASP is refercace (6)].
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IV. CHARMED D MESON DECAYS

Various decay modes of the charmed D mesone are being studied
with the data that have beea aceumulated at the v'' (377C) resomance.’
The first results reported here are based on a total integratcd lumi-
nosity of 770 nb~! which represents slightly move thur one quarter of
the total data sample.

The charged particle identification has been done by the time-
of-f1ight and liquid argon pulse height mcasuremonts and 7°*s have
been rcconstructed in the liquid argon shower detectors. Tha total
energy of a veconstructed D meson has been constrained to the known
beam energy (because of ¢'' (3770) + Db,
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Fig. 8. Invariant mass distribution for variouvs D° decay modes.



A further constraint is possitle iu the D decays involving w° or K2
where the observad yy or 7= final states have beoen Eit to the kaows
mass values respectirely, The rms wass resolution achivved on the
reconstructed D mesons is typically 2- 3 MeV/c?. Invariant mass dis-
tributions for different observed decay medes of the D®, D? and D*
are shown in Figures & and 9. In Table 1 we summarize the branching
tatios which have been obtained in this preliminary analysis. The
errors given do include the uncertainty in the total cross section
meagurement of the ¥'' (3770) resonance measured in a previous exper-
{ment.® However, a further estimated svstematic uncertainty of #20%
is not iuncluded. All valies are in good agreement with the previous
measurements of the Mark 1 collaboration,
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Table 1. Preliminary Measurement of Various
Branching Ratios of D mesous,

ey vose |2, | M |

D + Kn¥ 0.44 74 ¢ 10 0.019 * 0.005
kinast 0.10 55 % 10 0.061 * 0.019
KEn¥a0 0.024 183 5 0.083 £ 0.022
Kon*a~ 0.13 12+ 4 0.010 * 0.006

ot + KEaint 0.29 65t 9 0.032 + 0.008
Kot 0.24 102 3 0.005 * 0,003
Kon*ntn® 0.06 122 5 0,040 + 0.023

V. EVIDENGE FOR n’ (958) FRODUCTION IN TWO-PHOTON COLLISIONS

The observation of leptons and hadrons produced by two-photon
interactions in electron-positron zolliding beam experiments has been
a challenge ever since the importance of the two-photon uechanism has
been pointed out.!® The basic diagram is shown in Figure 10. Lepton
pairs produced bY the two-photon process have been observed in sever-
al experiments.!!s12 The dara on hadronic events are much more searce
as only a very few multi-hadron events have been seen!? so for.

Fig. 10. Dlagram for the two-pheton produ_.l. t of the state X.



We have obgerved and reported!™ evidence for n' (958) production
in the reaction

ete” + ety (3]

through the decay made n' + 0% reaulting in a w+n"y final stato.
The outgolng et and e~ were not detected.

Events having only two oppositely charged tracks coming from the
interaction vegion and one photon detected in the LA modules were
sclected, The pions wera identified by TOF measurcment and by LA
pulgc heights (to eliminate olectrons). A few kinematical cuts werc
applied to xeduce possible backgrounds from one photoa ete= annihila-
tiong, where part of the final state particles remain undetected,
from Bhabha scattered electrons with radiatively degraded initial
states, and from lepton or pion pairs produced in two-photcn inter-
actions combined with noi. ed false pt « All the analy-
&ls cuts are listed in Reference (14); the two most important ones
are requiring that the transverse momentum of the rtr=y state (pl)
be <250 MeV/c and that the acoplanarity angle between the whm= pair
and the Y momentum vectors defined with Tespect to the beam axis (Ag)
be <0.5 rad (s = O for back-to-back decays).

The % n vy masg distribution for the remaining events, given in
Figure 11, shows a clear n' + nfn~y signal. The n' mass resolution
is dominsted by the photon energy measurement and 1s consistent with
the expectation.

The transverse momentum p,, total energy £ and angular distribu-
tion cos 8 (with respect to the beam axis) are shown in Figures 12a-c
for all events (full histogrammes) and for the events 1 ing in the n’
mass Teglon (shaded) defined as 800 < myyy < 1100 MeV/c2. The n'
events occur mainly at low py in contrast with the background events.
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Fig. 11, 7 y invariant mass distribution.
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Their total emergy peaks at low walues thus excluding an interpreta-
tion of two-body production 1like n'y where the v is undatected. The
angular distribution is highly peaked in the forward and backward
directions. We also obsorve a flat rapidity (y) distribution, shown
in Figure 13, within the detector acceptance of ahout -0.6 < y < 0.6,
Thesa kinematical features are those cxpected for n' production by
reaction (1) and ave well reproduced by Monte Carlo generated two-
photon events, using the two-photon calculation of Refarence (15),

3
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Fig. 12, Xincmatical distributions for {(a) transversc momentum,
(b) total emergy, and (c) cosine af the production angle
with respect to the beam axis. The full histograms contain
all events; the cvents fn the n' maag peak ace ghadel.'
The curve represcnes the Monte Carlo calculation assuming
ete™ + e¥e™n' normalized to the observed n' algnal,
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Fig. 13. Rapldity distribution for the m*a™y state.
(Same definitions as for Figure 12).

The expected distributicns, normalized to the same numher of n'
events, are shown as solid curves in Figures 12 and 173,

The backgruind from «*e~ annihilation events has heen studied
in multihadron events. The ntny mass combinations have been calcu-
lated independently of the existence of additional charzed tracks or
photons, with all other criteria unchanged. WMo peaking in the mass
and energy distributlions is seen, and the p, distribution peaks above
200 MeV/c. The correction for snnihilation events is included in the
background subtraction using the adjacent mass regions which leaves
a total of 23t 6 n' cvents (see Table 2).

The cross section For reaction (1) has been calculated using
the branching ratio B(n’ -+ 0%) = 0.298 + 0.017 and is also given in
Table 2. The cross section is directly proportional to the radiative
width Tyy(n').!® Using the two-photon cross-section calculation of
Reference (15), we determine Tyy(n') = 5.9 & 1.6 Kev.!7 The error is
statisctcal only and does not include an estimated systematic uncer-
tainty of $20%. Wich the B(n' + yy) = 0.0127 £ 0.C026, the total
width can then bhe determined to be Trae(n') = 300 £90 KoV {or v =
(2.2£0.7) x 10721 sec), Our measurement of Ty, Is in excellent
agreement wlth the only other available mcasuremcot (280 1 100 Kev)
recently reported by Reference (18).

There is considerahble interest in 3 weasurement of I'W(-‘\')."'_ZI
Quark models with frnctionally charged quarks ani » small pseudoscalar
octet~singlet mixing angle lead under the assumptjon of equal singlet
and octet decoy constants?” to the prediction Tyy(n') = 6 Kev.!?
This is in good agreement with our measurement. The data are also




Table 2. Summary of the Crosrs Sectien Calculation 14 -

E, [wae a
-1 E n_y
(Gev) b~ ly n (nb)
2.21 798 0.017 5.1t 2.6 0.98 + 0.50
2.25- 2,50 2131 0.0224 4.3t2.6 0.30 ¢ 0.18
2.50- 3.00 1730 09.0217 10.3 ¢ 3.6 0.91 ¢ 0.32
3.70 984 0.0125 3,12 2.2 0.0 * 0.60

1s the beam energy, ;VH: the integrated luminosity,
€ the detection efiiciency [noL including B(n' = oy)l,
¢ is the number of n' events (background subtracted) and o
15 the observad cross section. Errors shown are statistical
only.

in agreement with a recent relativistic gquark model2! ralculatien
which predicts Tyyfn') = 7.3 KeV,
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