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A. Introduction

Since our last report, LEP at CERN and the OPAL detector have ful-
filled a large part of their promised programs. From the first Z2° event
recorded at LEP by OPAL on August 13th, 1989 to the end of June 1990, OPAL
has recorded ~120,000 multihadron events on tape. These‘events together with
the several thousand lepton pair events have extended our critical tests of
the standard model very substanfially and have not found it wanting in any
particular. The number of light neutrinos is found to be ‘three, the mass
of the 2° and the partial widths of the 2° to multihadrons, to e+e_, p+u—
and T+T- have been measured with precision, fixing‘sinzew to 2% accuracy. The
forward backward asymmetry and the partial hadronic widths agree well with
the Standard Model (SM). QED werks perfectly at LEP energies for e+e_ > Yy
reactions. OPAL has pioneered stringent tests of QCD which the data has
passed with flying colors, independent of the recombination schemeé used.
Asymptotic Freedom, that is a strong coupling constant that decreases
as the energy increases, has been demonstrated to many standard deviations.
The top quark mass been shown to be > 45 GeV independent of decay mode. An
intensive search for Higgs scalar mesons has been carried out without
success. The current OPAL lower limit is ~40 GeV for the standard Higgs, and
close to that for the lightest minimum supersymmetric Higgs particles. No
non-SM particles have been found: No b’, no excited leptons no new heavy
charged or neutral leptons, no supersysmmetric particles, no technipions,
etc. The mass limits for these conjectured particles tend to be close to
the kinematical limit of ~ 45 GeV available in 2° decays.

The Maryland High Energy Physics Group has taken leadership roles in

the OPAL luminosity monitor (R. Kellogg) and in the large Hadron



GE B . e

Calorimeter (A.»Ball).‘ Both instruments have been performing well. Dr.
Alfred Lee, IV has been leading the luminosity working group and has made
improvements in the on-line and off-line system used to obtain the
luminosity’s measurements and to make these results accessiﬁle to the whole
collaboration. Mr. Wayne Springer played a crucial role in bringing on the
hadron calorimeter on-line system in a timely manner. The trigger
electronics for the hadronic célorimeter has been delivered to CERN but it
will not be incorporated into the OPAL trigger matrix until the next run in
1991, Prof. A. Jawahery has been in residence at CERN since January, 1990.
He has been leading the bb working group for OPAL, and will present their |
first results at the Singapore Conference. Dr. Austin Ball will present
OPAL’s results on the search for Higgs particles at the Singapofe Conference.
Dr. R. Kellogg gave an invited paper on OPAL’s physics results at the
Spring meeting of the American Physical Society in Washington, D. C.

Dr. Andrew Baden hs been appointed an Assistant Professor, effective
July 1, 1990. He has jéined Prof. Hadley on the D¢ experiment at Fermilab
after helping to set limits on the top mass with CDF. He has also begun to
play a significant role in the SDC proposai to the SSC that our group has
joined. Prof. Hadley has recruited a research‘associate, Dr. Kathieen
Streets, and at least two graduate students to work with him on the D¢
project alongside Drs. A. Baden and S. Kunori. Part ofbour technical staff
has been engaged in constructing current monitoring electronics at Maryland
for D¢ and Professor Hadley is playing a leadihg role in planning for D¢
upgrades.

The E665 experiment has begun to present physics results on deep in-
elastic muon interactions on nucleons and nuclei from data taken in the

1987-88 FNAL fixed taget cycle, e.g. an invited paper and eight contributed
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papers at the April 1990 Washington APS meeting. A second run is underway
now and is gbing well. Erik Ramberg has completed his Ph.D. thesis on '~
production and is now working at Fermilab. Our two other graduate students,

S. Aid and S. 0'Day, are expected to complete their Ph.D. theses on this

‘experiment during the current contract period. Dr. S. Kunori has played a

crucial role in this experimental program since its inception.

Dr. A. Jawahery and his student Chul Park have completed an analysis

" of the 1988 CESR run on the 5S T(bb) state, obtaining evidence for the pro-

duction of the Bs meson at this resonance. Mr. Park will'soon complete his
Ph.D. thesis on this sub ject and has taken a job at Fermilab.

Pfof. C. Y. Chang, besides participating strongiy in the OPAL experi-
ment, continues to participate in the CYGNUS expefiment at Los Alamos. The
Alr Shower Array has béen increased by z 2 ‘in number éf counters and by 4
in total area. Despite this, nc‘new burst signals have been recorded.

One cute new result that confirms the angular sensitivity of the detector
is the observation of the attenuatioﬁ of cosmic rays by the moon,‘which
subtends only 0.2 square degrees of the sky. A new efficient on-line
system has been installed that aliows study of the data at Maryland nearly
in real tinme. |

The final results of‘vee- elastic scattering experimeﬁt carried out by
Dr. R. Talaga and D. Krakauer with collaborators have been published. They
were highlighted in the review talk given by Dr.“P; Yilain at the v'90
Conference in CERN in June. A new limit to the neutrino magnetic moment is
a by product of this experiment. Dr. Krakauer has received his Ph.D. for
this work at Maryland and is now employed at ANL.

The experimental test of the Pauli‘Principle to a level of ~ 10-26 has

been published in Physics Letters and was one of the contributed papers at



a special session on tﬁe subject held at the 1990 Washington‘APS meetiné. A
few more papers from the JADE collaborationkhéye been published with the
participation of G. T. Zorn.

A gréat deal of time, energy and travel funds have gone‘into our efforts
with respect to the SSC. The Maryland group has Joined the Solenoidal
Detector Collaboration énd has helped to write the EOI for that consortium.
Prof. Skuja is the leader in this effort and has organized a feam to design
the forward mucon detectors for SDC. Prof. Baden is é leader of the software
design team for SDC.

Dr. Douglas Fong and our student manégers have successfully completed
the upgrade of the Maryland HEP Computer Syétem‘alléwing our VAX 780 to be
retired.

Since Prof. George Snow is approaching retirement age, it is wise to

" submit this proposal with a younger Co-Principal Investigator, namely Prof.

Andris Skuja. This choice has been discuséed with all the co-investigators

and has their approval.
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B. OPAL Experiment at LEP. (A. Ball, C. Y. Chang, D. Fong, S. Hou,
A. Jawahery, R. G. Kellogg, A. Lee, IV, J. Lorah, A. Skuja, G. A. Snow,
and R. W. Springer at the U. of Maryland in collaboration with physicists
from Birmingham, Bologna, Bonn, Cambridge, Carleton, CERN, Chicago,
Freiburg, Heidélberg, QMC London, l.ondon Birckbeck, London Brunel,
UC London, Manchester, Montreal, NRC of ‘Canada, Rutherford Lab., Saclay,
Technion, Tel~Aviv, Tokyo, UC Riverside and Welizmann Inst.

B.1 Physics with OPAL
Ae of July 25, 1990 OPAL had recorded 122,000 z° hadronic decays and

12,000 leptonic decays, almost equally divided in the e+e_, u+u_ and TfT—

‘final states. A wide variety of physics subjects have been addressed this

past year with subsets of thisidata. Twenty—one papers have beenkpublished
or submitted for publication in refereed Jjournals and many more are in pro=
gress. + The topics range from testiﬁg the Standard Mudel by detailed studies
of the mass, width aﬁd decay proberties of the Zo, searching for the Higgs
scalar, testing QCD in the 2° mass region aﬁd determining the strong coupling
constant aS(Mz), searching for rare decay modes of the 2° and for new heavy'
particles. All the searches have been without success. The data supports
very strongly the Standard Model with‘three light neutrinos, and the Quantum
Chromodynamics theory of the strong interactions. QED without modification
at the 100 GeV/c momentum region is also confirmed. Impoftant new lower
limits have been set for the mass of the Higgs scalar meson and the
posgibility that the dark matter in the universe consists of wimps in the
Gev mass region has been virtually eliminated. It has been an exciting year.
In what follows we will touch on some highlights leaving out most of the
experimental details which are given in the published papers.
(a). Analysis of z° Couplings to Hadrons and Charged lLeptons

We report on an improved measurement of the mass of the Z° boson, its
total width and its partial decay widths into hadrons and leptons. On the

basis of 112,237 hadronic decays and 11,327 decays into electrons, muons and
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~obtain from a combined fit to hadrons and‘leptons a mass of Mz

taus, selected at center of mass energies near to the mass of the 2° we

91.174 ¢

‘O.Qll (exp) * 0.021 (LEP) GeV; and a total width of Fz = 2.505 t 0.020 GeV. .

The errors on Mz have been separated into the experimental error and thé

uncertainty due to the LEP beam energy.‘ The measured leptonic parfial widths

are T =82.7 1.3 Mev, T =85.9 + 2,0MeV, and I = 83.9 * 2.3 MeV, con-
ee [ ‘ TT

sistent with lepton universality. From a fit assuming lepton universality

we obtain I' +. - = 83.6 + 1.0 MeV. The hadronic partial width is I

11 had
+ 26 MeV. The ratio of the hadronic to the leptonic partial width of the 2°

= 1778

is’measured as Rz = 21.26 * 0.32. From the measured total and partial

widths a model independent value for the invisible width is calculated to be
iny - 476 * 25 MeV, corresponding to Nv = 2,86 t 0,15,

The couplings of the 2° to charged leptons are‘studied uéing measuremenﬁs

of the iepton‘pair cross sectlons and forward-backward asymmetries of the

lepton‘pairs.‘ Using a parametfisation of the lepton pair differential cross

éectidn which assumes tha.the 2° has only vector and axial vector couplings to

~leptons, the square of the product of the effective axial vector and vector

coupling‘constants of the 2° to charged leptons is determined to be

a?v? = 0.0039 * 0.0033, in agreement with the Standard Model. A para-

‘metrisation in the form of the improved Born approximation gives effective

~

leptonic axial vector and vector coupling constants af = 1.005 = 0.012 and

~

v? = 0,0038 + 0,0033. In the framework of the Standard Modei, the values

of the parameters P and sin’8,, are found to be Py = 1.005 + 0.012 and

W

sinzéw = O.234b;:t£235respectively. Using the relationship in the minimal
Starndard Model between pz»and sinzew, the result sinzésM = 00,2315 * 0.0028

is obtained.

-0~
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This is tﬁe third paper by the OPAL collaboration on this important
subject. It was presented at the 25th International Conference on High
Energy Physics, Singupore, Aﬁgust 1990,

Table 15 disbiays the numerical results menfipned above in tabular form.
Note that the ddminant error on the méss of the 2° is now the error in the
LEP machine energy. To give a more‘graphicai form to some of these results

we display in Fig. 5 how well the OPAL values for Fz and o at the 2 pole

had
agree with the Standard Model with three light neutrinos. Fig. 6 shows the

- + - + - - L
energy dependence of the four reactlons e+e >ee, LM, T+T and hadrons

in the total 1989 +.1990 data sample. Fig. 7 shows the Forward~backward

+ - + -

charge asymmetries AF for 'the three reactions: (a) e e e e,

B
|Cosee—| <0.7 (b) ee = ﬂﬁﬂ-, |Cos%l| < 0.95, and (c) ee 5 fﬁi— |CosQr|

< 0.90. In this figure, the ete” 5 e'e” cross sections and asymmetries are
corrected for the f-chaﬁnel contributions. The solid lines are the results
of the fit to the combined set of 1ept6nic and hadronic data with the para-
meters listed in Table 15. Table 15 alsobshows that the lumirosity measure-
ment has reduced its error to 1.6% overall‘(< 0.8% point to point). Some
details about how tﬁis was accomplished is givén in Section B.2. Figure B8a
shows how well the OPAL results for the product of the (vectof‘coupling X
axial vector coupling)2 and the average leptonic width Fll as measured by
OPAL‘agrees with the Standard Model prediction for 50 < m, < 250 GeV/c® and

t

20 < M, < 1OOO‘GeV/02. Figure 8b shows a similar comparison on the T'
H " hadron

Vs rlepton plane. Again one sees that the Standard Model and the OPAL data

agree within a standard deviation.

If one uses the Standard Model one loop calculations together with the

data, one can obtain an estimaate of the top quark mass by combining rhad

and FIT. One finds MT = 154 t;i GeV including an error on a of £+ 0.02. By



parameter

value (now) value (Phys in Coll) comments

Nhad 112,237 82,100

N.. 3,263 1,800

Ny 4,642 3,050

N.r 3,412 2,550

Ny 11,327 7,400

Te. 82,7413

Luu 85.942.0

Iy 83.9+2.3

T4 - 83.6+1.0 83.1+1.5

afol 0.0039:+0.0033 0.0054£0.0046

af 1.005+0.012 0.9964+0.018

of 0.0038+0.0033 0.0056+0.0046 _

Pz 1.005+0.012 0.996+0.018 from fit to pz and sinzgw
~ sin’fw 0.234640.0076 0.2310£0.0090 - from fit to pz and sin*fw

sin?fw 0.231540.0028 0.232140.0044 from fit to sin’fw alone

Mz [GeV) 91.17440.011 91.17140.019

I'z [GeV] 2.50540.020 2.496+0.029

Thea [GeV] 1.77840.026 1.766+0.034

oPo [GeV] 41.8840.74 41.5 £1.0

Rz 21.2640.32 21.2540.49

Tinv [MeV] 476425 481434

N, from Ty 2.8640.15 - 2.8940.20

errors crtgft crfft Ocorr

Lumi (overall) 1.6% 2.2% 1.25% .

Lumi (ptp) < 0.8% 1% - 3%

hadron selection 0.8% 0.8% 0.8%

electron selection 1.0% 1.0%

muon selection 0.9% 2.3% 0.0

tan selection 1.6% 3.6%

1.9

Table 15: Comparison of the fits to the hadronic cross section and to the combined ete™, u*u~
cross sections and forward-backward asymmetries based on the improved Born approxi-

and 7tr-
mation.
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combining OPAL data with the CDF and UA2 data on MW/MZ (1 - MS/M; = 0.2254

t .0065), one can deduce MT = 144 ::3 GeV. A still lower upper limit for the
mass of the top is obtained if the OPAL LEP data is combined with low energy‘
data of vq, ve and eq scattering, i.e. M. = 106 :61 GeV. All of the above

T

H 4 to vary from 40 to

1000 GeV, as has been studied by J. Ellis and G. L. Fogli, CERN-Th 5817/90,

estimates assumed M, = 100 GeV and Piree = 1. Allowing M

degrades the upper limits quoted by about 20 GeV.
(b) Search for Higgs boéonsf

One of the major thrusté of the OPAL experiment at LEPI is to search
for the Higgs boson via the reaction e+e—+ z° 5 Z‘ + H® where the
Z' 5> vw, 11 or Jjetjet and the H® » 7T or bb. As more data is accumulated,
the mass limit of ti.e standard Higgs boson is constantly being pushed
higher. For the Singapore Conference analyses were carried out on 3.9 pb'1
of data from the 1990 run and were combined with the earlier 1.27 pb-1 of
data from 1989. A new search method was used‘to optimize the search in
the mass region M, > 30 GeV/cz. The result is that a Standard Model Higgs

H

boson with mass in the range 3.0 = mH° = 39.4 GeV/c2 is excluded at the 95%
confidence level.

The most sensitive reaction for this search is that in which the 2"
is invisible (Z‘ > vw). The idea in the search is to‘look for acoplanar
events in which the Higgs decays into one or two jets with a large missing
transverse momentum. A large number of cuts are imposed that eliminate
standard 2° hadronic decay events but have the vo H® events with an
efficiency > 60%. Tables 1, 2 and 3 exhibit these phenomena for the OPAL data
sample, theNQCD Monte Carlo events and for s sample of generated high mass

Higgs events. Zero events were found after cuts In the data in the three

samples vy Jjet jet, 11 Jjet jet where 1 = e or u, and TT jet jet. Combining

-14-
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Table 1: Effects of the cuts for the v search channel for periods 5 - 13. The cuts are described
in detail in the text. The MC events, based on a sample of 40,000 JETSET 7.2 and HERWIG
4.3 multihadrons, have been normalized to the integrated luminosity of the data. The signal MC
makes use of GOPAL in the “full” mode.

Cut Data { QCD MC | H? of mass [ H° of mass
‘ ‘ 36 GeV/c? | 40 GeV/c?
- 2.TM 70332 400 398
AQC (Preselection) | 62677 63726 365 353
Al (6gcE) 57455 58611 352 337
A2 (Bhemi 1,2) 49572 50257 346 320
A3 (Eendcap region) | 48405 49148 310 289
A4 (pr > 6 GeV/c) | 23225 21495 298 270
Ab (Acolinearity) 161 117 277 240
AG (Min,) 25 19 277 239
AT (Mhpemi 1.2) 15 11 274 236
A8 (Epacr 5) 2| 7 268 227
A9 (Evack,cD.EM) 0 0 268 222 |

Table 2: Number of events passing all cuts, except the one indicated, for the v7 search channel for
a sample of 400 MC Higgs bosons. The cuts are described in detail in the text,

Cut Data | H? of mass | H? of mass
‘ 36 GeV/c? | 40.GeV/c?

(9G0 ) 1 2 ‘ 1
(ghemz 1, 2 0 1 2
( endcap reglon) 6 32 28
4 (pr > 6 GeV/c) 47 6 11
(Acolmearlty) 4 7 13
(]umv) 1 0 1
(j"hem; 1 2) 2 3 3
8 (Eback,HC) 4 6 9
9 (Evack,cD.EM) 2 0 5

Table 3: Efficiency of the vi search. The efficiencies were obtained using approxiinately 400
full. GOPAL and 2000 “smear”-GOPAL events at each mass; the latter was used to establish the
myo dependence of the acceptance, and the former for the ahsolute acceptance.

myo (GeV/c?) | efficiency (%)
36 64 + 2
38 62 £ 2
40 60 + 2
45 57 4+ 2
50 43 + 2
-15-



these results and allowing fbr theoretical and systematic hncertainties one
obtains the predicted number of events shown in Fig. 1, which‘leads to the
mass limits already quoted. A separate analysis has eliminated a veryilight
Standard Model Higgs with MHo < 2 mu in which the H® is invisible or dedays
into e+e” or yvy. |

“Other important theoretical possibilities for Higgs bosons lie in the"
minimal supersymmetric theories. In‘this case the lightest of three “Higgs”
bosons is less massive than the Z° and one of these‘three bosons is a pseudn
scalar so that the decay Zz° 5 h° + A° can occur with an aﬁpreciable pro-
bability if allowed kinematically. This decay has been searched for in the
4:jet, 2 jet + T and 2 TT configuration but without success. A detalled
paper on the techniques used in this search has been submitted to Zeits.
fur Phys. C. The results have again been updated for the Singapore Conference
and are displayed in Figs. 2a and 2b for the two regions of vacuum explora-
tion value parameter space tanf8 > 1 and tanf < 1 respectively. Almost the
entire kinematiéally‘allowed region of phase space s now eliminated at the
95% confidence ievel.
{c) Test of Quantum Chromodynamics

A stddy of multijet production rates hs been carried out in the 2° boson

sample decaying into multihadrons. The number of two, three, four and five

Jet events vary with the jet resolution parameter y as first used by JADE,

cut’

but in each case, the distribution of the number of jets found is in excellent

‘agreement with the prediction of QCD when calculated to e(aZ). This is shown

in Fig. 2a. The QCD theory when cut-off at second order contains two para-
meters Aig and a renormalization scale parameter uz. When these are varied
for a best fit one finds p° ~ 0.002 and A = 80-180 MeV. If p® is fixed at

2
- = [ —_ = - . = +
ECM MZ , the result for AMS 200-450 meV - or US(QI GeV) 0.124 * .008,

~-16-



i .. : - - : : i -
B OB B S8 OB S OB e am
B G 0O G U UE B N = e v '

Predicted number of events

N
O

17.5

9]

12.5

~N L
U O

FIG,

A

OPAL

AT

I‘,T.‘l’lll

T T T T
—— Combined search
- Neutrino channel

LeptOmc channel
2—tou 2~jet chonnel

P>
L/
T
,
€
»
]
;

"
-
LS

I

ploa Lo bedog i e}

]

394

30 32 34 36 38 40

my (GeV/c?)

-1/-



w

FIg. 2 A

OPAL 1989,90 Data (5.2 pb™')

60

tang>1

S0

i
O

U T T 7 T T T 1
i i

(&
- O

10

- hA — 4 jet

:IIIIA'IIEI;“IIII,l“lylf

combined limit

hA = 777

(1 989 dato) &/ //
Z>hz_ | /

s’
B/
’,

hA —> 77 r*r-

“llj'llHllllllllll'l]ll[llll'llllljlll

O .

5 10 15 20 25 30 35 40 45

M, (GeV/c?)



M, (GeV/c?)

60

50

40

30

20

10 -

[ /. A0

OPAL 1989,90 Data (5.2 pb™)

tanf<1

;llllIITliltIril'ii‘f

IR R

1

l'
O‘ Jl

TT1

combined limit .

I IEEEUINERE AT 141:11'ulwﬂugﬂmnfl choas el

O

5 10 15 20 25 30 35 40 45
M, (GeV/c?)

-19-



P B

e T

AE Sins!

N Y . . _--__
- o BN
I G B G G =B W -

10— -
| | OPAL """"" == =
L Eqn=91GeV o™  2.jet -
[ ./ .
- 80t .
frm—— i 0 1
R s
— é emxa2. 3. 4. 5.jetdata
7 o) B ‘ .
» 60
"5 | .= Lund QCD shower MC '
o [ F | - ]
- i / - ===- Herwig QCD shower MC _
: 40 =] \. -
<P i \ *
> hf %
"5 [\ o !’\l )
201 \ 7
: .s\‘ ' | ‘ \. . p
e % , . 3-jet
ATAS . o su . ‘
5N, 4-jet e S
| T S O W P ek vied, L
00 0005 0.10 0.15 ' 0.20 ‘
Yeut
Fig. 2a. Two-, three-, four- and five-jet cvent rates observed at 5., = 91 GeV as a function of the jet

resolution parameter yey¢, compared to two different QCD model caleulations.



I SR EN

proViding a good description of the data for jet resolution parameters
ycut z 0,05, | | |
QCD predicts that as(E) falls as E increases, A robust test of this pre-

diction can be carried out by plotting the fraction of 3 jet events, R as a

3
function of energy when the jet Aefinition used has the same y cut parameter
throughouc. This is shown in Fig. 4b when the OPAL data result has been
- added to the PEP, PETRA an& TRISTAN data published earlier. The depéndence
of R3 on ECM that is observed agrees‘very well with QCD and excludes ‘an |
energy independent‘strong coupling constant with a significance of 5.7
‘standard deviations; The evidence for the "running" of as,with energy does
not depend on the choice of the rehormalization scale_u2 used in the
theoretical calculations. , |

Since the above result was publishéd (Phys. Lett. B235, 389 (1990)), an
investigation has been carried out on the systematic uncertainty due to
different recémbination schemes. Using more data and correcting for
acceptance and hédronization for each scheme, one obtains a new more
reliable result for the QCD strong coupling constant, namely,
aS(M;) = 0,116 t 0.016. G.‘Altarelli stressed at the v'90 conference
how good the agreement of this result is with the QCD predictions made

from low energy experiments that a:red.

(n2) = 0,11 * 0.01.

Another test of QCD has been carried out by OPAL by analyzing the four-
Jet final hadronic states of the 2° decay in terms of Qbservables that are
sensitive to the non-abelian gauge structure of QCD. The basic QCD diagrams
for four jet events are shown in Fig. 1. The definitions of the angle
~ variables Xp., and G;R used in the analysls are illustrated in Fig. 2. The

results for the average values of these two angles in the 4 jet events vs.

Yout 2re shown in Fig. 6 together with the QCD predictions and a prediction
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for abelian gluons. The data and QCD areiin very good agreement and the
abelian theory is ruled out.

Another test ofVQCD follows from é study of the inclusive momentum dis-
tribution of charged particles in multihadronic events at the Zz°. The data
shows good agreement with QCD predictions for phe‘height and the peak
pocition of the particie momentum distribution. This QCD predicti§n is
sensitive to the phenomena of soft gluon interference. Simple non-coherent
models with independent fragmentation fail to reproduce the energy
dependence and momenta spectra.

(d) Couplings of z° 5 qq.
(i) The first method that OPAL has used to obtain information the decay of
2° into different types of qa is via the reaction Z » q& + y. The idea
behind this technique is to note tha* the probability for final state y
emission is four times larger for up type quarks ~ (g)z, than for down type
quarks ~ (1/3)2. By combining tne data on 2° > q& and ZO - qa?, one can find
the strength of the z° couplings to up + charm quarks separately from the
strength of z° coupling to down + strange + bottom quarks. In particular
FZo o 3Cd + ZCU, while

N(Z° > ¥9q) ~‘3Cd + 8Cu, where

3
Cd denotes the ¥ (vi + 53), i = 1,2,3 corresponding to d, s, b quarks.
i=1
2 2 2
and Cu denotes the T (\'J + aj), J =1,2 corresponding to u,c.
i=1
Clearly with two equations and two unknowns, Cu‘and Cd’ one can solve for

the two unknowns and compare the results with the standard model.
The experimental method looks for high energy isolated y-rays (E7 > 10

GeV) at Pr > 5 GeV relative to the thrust axis. The details are given in a

o



paper soon to be published in Phys. Lett. B tha& was based on 27,309 multi-
hadron events from 1989. For the‘Singapore Cénference the sample has been up-
dated by 49,869 events from 1990. OPAL finds 78 isolated photons. Of these
5.1 £ 1.4 are estimated to come from initlal state radiation and 8 * 5 to be
background events from isolated n’’s or neutral hadrons, thus yielding
N? = 64.9 * 10.2 photons from other sources. Using the QCD Monte Carlo ‘
based on the standard model, ol predicts 61.0 bhotons from final state
radiation in very good agreement with the observed number. Turning the
argument around, one can use the data to déterminé the widths for Fda and
ruﬁ' One finds Fda = 369 * 6? MeV and ruﬁ = 330 + 99 MeV using the inter-
sections of the two bands shown in Fig. 3. Fig. 4 shows how these errors
compare with recent measurements of partial widths of z° fo bb and cc made by
other LEP experiments. The isolated ¥ method is limited by statistics rather
than by systematics so it should at least remain competitive with the other
methods of determining partial decay widths of the 2° as the statistics of Z°
events grow.
(11) 2° > bb decays

.Recently OPAL has developed methods to measure the branching ratio of
Z > bb decays from inclusive muon data. A very large effort was necessary to
optimize the information from the muon barrel and endcap chambers with the
information from the jet chamber and from the strips in the hadron barrel
and endcaps. This has lead to an algorithm for the selection of tracks as
inclusive muon candidates with a global efficiency of 73.9 + 1.% £ 1%. With
this algorithm the fake rate per pion track has been measured to be 1.1 % 0.3%
using known pions from K; ) n+n_ decays and estimated from Monte Carlc to be

0.9 t .1%.

Using this inclusive muon algorithm, a search for large Py muons was
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 carried out by OPAL in 71,106 multihadronic 2° events collected in 1990. A

total‘of 7029 muon candidates passed the criteria. Fidicial cuts of
|Cosep| < 0.9 and |Cosejet| < 0.8 were imposed. To reduce direct charm and
b-scsu decay contributions a cut of p > 4.5 GeV/c was imposed. To improve

signal to noise further a cut of Pr > 1 Gev/c was made. 1168 muon candidates

. remain. The Monte Carlo prediction for the background is 403.1 non-prompt and

fake muons plus 49.7 c»> u tracks, leaving 715.2 b > K+ b->c - udecay
candidates. - Applying correct;on factors for the muon deteétion efficiency, -
angular acceptance and kinematic acceptance plus experimental smearing, one
can obtain the best estimate of the numbér of b>pu+b->c > u decays.
The b - c‘a u decays are estimated by Monte Carlo and are quite small given
the p ahd p% cuts mentioned before; The result obtained is

r(z° - bb) |

BR(b -» u) X N = 0.0206 + 0.0010 * 0.0018
‘ 'z - hadrons)

The largest contribution to the systematic error comes from the estimate of

the non-prompt and fake muon subtraction (% .0017). Assuming a b semileptonic

Tbb
branching ratio of 0.102 * .010 gives = 0,202 + .010 + ,028, in good

r-had

agreement with Standard Model prediction of 0.217.

A study was also carried out on the forward backward angular distrtibu-
tion of this sample. Using only the multihadron sample (52036) of 2%s
obtained at the Z° peak, one finds

# forward # backward Total .

Muon candidates 434 449 883
Expected fakes ‘ 151 154 305
Expected charm ‘ 19 31 50

-2y
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Expected cascade : 31 2 63

B signal 233 232 | 465

B signal (corrected for eff.) 278 ~ C274 552

Asymmetry calculated for‘lCosget | <o0.8

278 - 274 _
= ————— = »
Afb '278 e rd 0.01 + 0.07,
Extrapolating to |Cose| = 1.0, one obtains Afb = 0,01 t 0.08, compared to the
Standard Model prediction of A?ﬁ = 0,108, Clearly this is Qﬁly the opening

shot of a long compaign to study Zé > bb decay.
(e) A Study of the Reaction ete” 5 vy at LEP

The first analysis of the QED reaction at LEP was carried out by OPAL

‘using a sample with integrated luminosity 0.7 pb_l. This analysis has been

upgraded for the Singapore Conference with a sample of integrated 1uminosity ‘

3.8 pb_l.

The selection criteria for e+e—‘a vy was slightly changed from
those used in the paper, to avoid some uncertainty in the forward region.

The resuits for the total cross sectioﬁ and the angular distribution are in
excellent agreement with the predictions of Quantum Chromodynamics. This can
be seen in Figs. 2 and 4. Introducing deviations from QED in terms of cut-
off parameters that modify the electron propagator, one finds the limits

A+ > 110 GeV and A_ > 95 GeV.

The same data set can be used to set upper limits on the branching
ratios of 2° - iy, 2° 57’y and 2° > ny. These are found to be 1.3 x 107,
1.3 x 10'4, and 1.9 x 107" respectively, at the 95% confidence level.

(f) Search for New Particles with OPAL at LEP

OPAL has carried out systematic searches for the quarks t and b’,

+ + [
technipions H™, heavy leptons L™, L , excited leptons l. and wide variety
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of supersymmetric particles e. u, T, W, H7, w* and x. Unfortunately none of
these searches have found evidence for the existence of the particles sought.

LEP as a 2° factory has proved to be an exceptionally clean place to look for

«éll these particles but apparently if any exist they seem to be too massive

to be produced (ﬁsually in pairs) at the CM energy of 91 GeV.

For b’ and t particles one looks for spherical events; for excited

_leptons, one looks for leptons + gammés; for heavy leptons and .SUSY particles

one looks for abolinear and acoplanar events with missing eriergy; and so on.

The lowér limits for all the particles searched for are usually in the maés
range z 40-45 Gev. In the case of neutral lepton production one prresses the
resﬁlts in terms of mi#ing angles rather than masses as shown in the next
Figure forv(i) ete” 5 L°L° ana (11) ete” o vfo or vL°. In these cases the
95% limit to‘the lepton branching ratios are ~ 3 X 107% to 10 3for L é

masses up to 45 or 88 GeV in the cases (i) and (ii) respectively.

The nex£ figure illustrates‘OPAL’s limits for a charged scalar meson that
decays as expected elther into cs or Tv.

The next figure 1llﬁstrates how a b’ or a top would distort thé
acoplanarity distribution of multihadronic events from the Zo, independent
of‘fhe details of the b’ and t decay modes.

Finally the last figure shows that the OPAL data 1s incompatible with the
acoplanarity distributions that would be produced by SUSY particles E, ﬁ,'%
and i respectively.

A quantitative summary of these searches was presented by M. J. Oreglia

at the v’ 90 Conference and also at the Singapore Conference.
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B.2 Luminosity Monitor Performance. (S. Hou, R. Kellogg, A. Lee, IV, plus
physicists from London and Bologna).

In the first OPAL paper on the mass and width of the 2° (Oct. 13, 1989)

the systematic error of the luminosity measurement was estimated to be 5%.

By the second OPAL paper on the same subject (Feb. 23, 1990) th;s error
was reduced to 2.2%, and in the most recent paper for the Singapore
Conferencebthe luminosity systematic normalization error has decreased to
1.6%.

‘The_integrated luminosity of the colliding beams ié determined by‘the
measurement of small angle Bhabha scattering, a process ihéensitive to‘Z°
effects. The .measurement uses the forward detector, consisting of two
identical elemeﬁts placed around the beam pipe‘at either end of the central
tracking chambers. In this analysis two components of»this detector are used
in a complementary manﬁér: (i)‘ a. calorimeter provideé a ﬁigh‘statistics
measurement of the relative luminosity at each beam energy; (ii)‘ a set of
proportionalvtube chambers with a well defined geometfy aﬁd acceptance pro-
vides the absolute luminosity calibration, |

Each calorimeter consists of a cylindrical lead-scintillator sandwich
divided into 16 azimuthal segments and two longitudinal sections:‘ a pre-
sampler of 4 radiation lengths (XO) and a main calorimeter of 22 XO. For
45 Ge: electrons, the énergy resolution of the calorimeter was measured to be
1.3 GeV (19%/4%). with 84% of the energy deposited in the main calorimeter.
Light sharing between adjacent segments and between inner and outer readoﬁts
of the main calorimeter is used to determine the center of the showers. The
polar angle resolution varied between 1 and 10 mrad, being best near the inner
edgé of the calorimeter, while the resolution in azimuth varied between 3.5

and' 35 mrad, béing best at the segment boundaries. The acceptance of the
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calorimeter extends from 39 to 155 mrad, and is essentially complete in
azimuth. |

 The proportional tube chambers are pOSitionéd between the presampler and
main sections of the calorimeter. These chambers each consist of a vertical,
horizontal, and diagonal plane of proportional tubes of 1 cm® crosé section.

The positions of the centroids of showers from incident electrons or photons

‘are measured using the pulse height information from the tubes. For 45 GeV

eﬁ<ctfons, the tube chambers have 1.3 mrad resolution in B'and‘¢ and detect
99.3% of the showers. The tube chamber acceptance extends from S0 mrad to

135 mrad in polaf angle, and covers 95% in azimuth. The positions of the tube
chambers were surveyed to 1.0 mm and were checked with eléctron tracks mea-
sured in drift chambers in front of the calorimeter.

To seléct events for the absolute luminosity calibration a fiducial
region is defined well within the tube chamber and calorimeter acceptance,
exiending from 58 mrad to 124 mrad in polaf angle from the nominal beam axis,
and excluding azimuthal anglés within 10 degrees of the horizontal and
vertical planes. Particles emitted from the interaction point in this angular
region traversed only a2 minimum of material before reaching the forward
detectors (less than 0.2 Xo). The average of the angles measured on the two
sides of the event is required to lie within this fiducial reigon. Therefore
the acceptance is largely independent of the position and size of the beam
intersection region. To reject background due to off-momentum beam particles,
the difference in the azimuthal angles between the two ends, A¢, 1s required
to be in the range between 160° and 200°. Finally, the average of the
energies of the largest cluster in each calorimeter is required to be larger
than 2/3 of the beam energy.

The detector read-out was triggered when the energy sum in each forward

-59-



calorimeter exceeded 15 GeV overall, or 12 GeV in back-to-back clusters. The

overall trigger efficiency was found to be 99.0 % 0.3% for the events selected

* by these cuts.

The relative luminosity between points of different beam energy was -
measured using the main calérimeters only. Events were selected in which the
average energy 6flthe largest clusters seen in the main sections of each
calorimeter exceeded 70% of the beam‘energy; This requirement was high enoﬁgh
to eliminate the background, but was 3 standard deviations below the peak from
well contained Bhabha events. It rejected Bhabha events only partially con-
tained due to the radiation of an energetic photon or shower leakage at the
edges of the caloriheter.

| The acceptance of the calorimetef selection is normalized to the tube
chamber acceptance. The stability of the measurement is checked by compafing
the tpbe chamber and calorimeter luminosities as a function of LEP fill and
beam energy. No statistically significant systematic differences were ob-
served.

Significant improvements in three aspects of the OPAL luminosity measure-
men* have reduced our estimated systematic errors in 1990.

(1) An improved calibration procedure for ‘the calorimeter allows the
energy scale to be held constant with an rms spread at 0.5% fill-to-fill.

(Fig. 1). This results in a point-to-point error in the luminosity measured
over the 2° line shape of

0.8%

v Fill
Since there are only ~ 1000-4000 FD Bhabhas/Fill, the systematic point-to-

point error is never dominant. In 1989, we quoted a 1% point-to-point

~30-
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luminosity error, independent of the number of fills.

(2) Drift Chambers in front of the forward calorimeter have been

usea to survey the position at the Tube Chambers. The drift chamber
positions are known to a precision of 150y, and the fits which transfer the
drift chamber wire position into the tube chamber system add addiﬁional
errors at typically 350u. (Fig. 2). Seven of the eight tube chamber

quadrants have been so surveyed. The‘precision of the resulting tube chamber

. coordinates has been evaluated by checking the interaction point position

reconstructed by each of the four tube chamber quadrant-palirs independently.
The resulting quadrant-to-quadrant discrepancies lead to the estimate of an
800u random survey error in the coordinates of each of the eight tube
chamber quadrants. The error in the average radius of the two scattered
electrons in a Bhabha event is then 600u, which corresponds té a 1
uncertainty in the acceptance. The corresponding numbers in 1989 were
1mm and 1.5%, which were derived from mechanical survey information of the
tube chambers alone. The net correction to the tube chamber positions intré—
duced by using the drift chambers was only 600u, well within the expected
error. |

{3) The tube chamber luminosity measurement has been improved by in-
corporating more information from the calorimeter. In order to eliminate
the necessity for determining the inefficiency of the tube chambers in each
measurement period (~ 2%), the coordinate from the calorimeter is used when-
ever an event lacks a single coordinate from the tubes. A more fundamental
improvement is the use of the calorimeter coordinate in every case when it
lies below 53 mrad. This eliminated the class of mismeasured events (1.5%)

in the 1989 measurement where electrons scattering in the support ring, at 47
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mrad, caused spurious tube coordinates at higher angles. The use‘of the
calorimeter introduces some new uncertainty due to the inéreased systematic
error in its coordinates, but since thié influenced only a small number of
events, .the effect is small (0.4%). The advantage of using the calorimeter
is thét it eliminates the 0.5% tube efficiency error and the 0.5% uncertainty
in the 1.52 background subtraction which was necessary in 1989 to account for
the event scéttering in the support ring. A significant bound is that in 1990
less than 1% of the events in the tube chambervsamplé‘is poorly reconstructed.
In particular the population of events between the radiative tail of the‘

ER VS, EL correlation plot is truly due to multiple photon emission, rather
than poor reconstruction. 0.5% of all -tube events lie in the triangie drawn
in Fig. 3, while BHLUMI, a Monte Carlo which simulates multiple ﬁhoton
emission in small—angle Bhabha scattering predicts 0.5 % 0.2% in the same
region.’ (This simulation was carriéd out by C. Y. Chang and C. Grandi)p

~ The estimated systematic errors on the absolute luminosity are as

follows:
1990 data
1989 data ~{Singapore ’'90)
Tube survey 1.5% 1.0%
Tube efficiency 0.5% E—
Trigger efficiency 0.3% —
ET@T cut | 0.5% 0.5%
R cut \ ~ 0.5% 0.2%
Calorimeter coordinates ‘ ‘ — 0.4%
Background subtraction ‘ 0.5% | —
Theory 1.0% 1. 0%
TOTAL 2.2% 1.6%
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The Luminosity measurements were carriéd out by a team of Maryland,
Londén and Bologna physicists, and have beén a crucial ingredient in many
of OPAL's physics results. The Maryland personhel at CERN concerned Qith
the forward detector are Dr. Richard Kellogg, Dr. Alfred Lee, IV and Mr.
Suen Hou, with some parf time assistance from Prof. C. Y. Chang and Prof.
Andris Skuja. ‘Mr. Hou wiil base his Ph.D. thesis on the luminosity

méasurements at OPAL.
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8.3 Hadron Calorimeter Ferformance (A. Ball, P. Goldey, A. Jawahery, J.
‘ Lorah, W. Springer, University of Maryland, with U. of Bologna and U.
of California, Riverside)

a) Introduction

Since commissioning in September 1989, the hadrén calorimeter hardware
and data acquisition systemé have performéd‘reliably. and the data provided
have played a crucial role 1in séveral physics analyses, nofably the
measu%ément of the 2° - bb branching ratio, and the search for Higgs bosons.

The hardware configuration is essentlally complete, with the tbwer and
strip readout having functioned since the beginning of LEP bhysics, and thé

trigger having been recently commissioned for testing.

b) ‘Hardware and Data Acquisition

The 7500 7- and 8-cell streamer chambers haQe settled into stable
operation with a total of 3% inoperative due to gas circulation problems or
instability at high voltage. Front end readout fallures have been
insignificant by comparison. Isolation of the approximately 200 rogue
channels was possible because the onboard housings give, albeit with some
difficulty, access to each Individual chamber and readout channei.

Typical LEP pperating schedules during 1990 gave an oppertunity for
access‘oncé every 2 weeks. Interventions {invelving retraéting the endcap
muon chambers and inserting scaffolding) were made in all but one of these
maintenance periods. Without this work, an estimated 10% of channels would
have been inoperative by the end of the 1990 data-taking.

The gas mixiné and circulation system required extensive modifications
after the operational experience gained during 1989, Since the gas flow
rate normally results in only one volume change per day, initial filling is

very slow and recovery from an lncorrect mixture takes several days,
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resulting in significant aata logses during 1989, Modifications made during
the 1989-90 winter shutdown have eliminated most of the problems.  The
isobutane supply batteries are now maintalned at a ;onstant temperature of
35°C using forced air circulation. A new, purely mechéﬁical system handles
automatic \changeover between working and reserve batteries, and a
preésure—driven - switch isolates - the detector and underground gas
distribution in case of a loss in lisobutane pressure. Additionally, the
“slow controls" safety system monitors argon andllsobutana flows, once again
isolating the undergrouhd system in case of a deviation from nominal flow
values, The 256 parallel underground flow comparator “channels were
.completely ovérhauled and re—calibrated, so that deviations from normal flow
of mdre than 30% in an individual channel can now be used to trigger safety
actions. A high flow retufn bypass has been installed to allow twice £he
normal gas flow to be maintained, at the expense of monitoring, during
filling and purging. A gas composition monitor, based on speed éf sound
measurement, allows the evolution of the mixture emefging from the detector
to be monitored.
Clearly, more improvements are necessary, Spare electrénic flow

controllers are needed, since the existing ones falled near the end of 1990
‘data taking. An underground gas—-gain monitor will be needed to eliminate
gain uncertainties due, for lnstance, to differences in temperature between
the surface gain mgnitor and the detector itéelf. Tests have begun on a
sysfem to‘recuperate isobutane from the return gas by condensation. 90
hours of successful operation have been achieved, but the device is far from
sufficiently reliable to permit use of recuperated isobutane in the mixer,
Responsibility for the further development of this device is shared with

CERN.
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The data acquis;tion‘system has achieved a high level of rellabillty,

contributing less than 2% of éll OPAL DAQ problems during 1990. Automatic

‘recalculation of both tower and trigger pedestals now occurs during

re-starts of the HCAL subdetectors.

c) Hadronic‘Energy‘Measuremeht
The detector was operated at constant gain throughout the 1990 data

taking period, by adjustment of the operating voltage so as to compensate

vfor effects such as atmospheric pressure fluctuations. The appropriate

voltage was defined as that needed to make the surface gas—-gain monitor
(consisting of 12 chambers in a cosmic ray telescope) register an average
charge per cell of 50 +/—‘2 pc. for a normally incident cosmic ray muon.
Constant galn operatioﬁ eiiminates most offline corrections to the tower
energy and maintains at coﬁstant valueé quantitieé such as strip cross-talk
and efficiency. Tﬁese are crﬁcial parameters for the effectiveness of the
muon-finding algorithm.

Fig 1 (solid line) shows the tower energy calibration, presented as the
energy deposit per hit layer for muon tracks from muon palr events corrected
to normal incidence. This 1is compared (dotted 1line) with the same
distribution for muons‘in the 1987 HCAL test-beam module, where the energy
scale was obtained by comparison with the response to pilons of known
energies. This calibration remained stable throughout the whole 1990
data—taxing period.

Fig 2 shows the distribution of the total energy depoéited in the HCAL
(including the pole-tip calorimeter) for multihadronic events at the z°
peak. The .data are in remarkably good agreemert with the Monte-Carlo

predictions (solid line) based on test-beam data.
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FIG

Energy Per Layer Deposited By Muons Traverslng

The Hadron Calorimeter

(a correction QO = Q(theta)/(1+0.82cos(theta)) has been applied to
the charge registered at a polar angle theta In order to derive the
expected charge at normal incidence QO. The energy conversion
fs chosen to match the observed distribution with that seen in
a test module (dotted line) , where the response to muons was
compared with that to pions of known energy .)
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FIG 2
Total Energy Per Event Seen In The
Hadron Calorimeter For Z0-~> Multihadrons

The Solid Line Is The Prediction Of Jetset 7.2
| - Plus A Full Detector Simulation
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d) Muon Identification

The generalized HCAL strip clustering algorithm includes a package for

‘identifying penetrating tracks, The basic idea 1s to find a series of

hit-strip clusters, each with no more than 3 hits, and each in a separate
layer of the‘HCAL, which fit well to a straight line pointing towards the
origin. Such a muon segment is required to contain a miﬁimum of 4 layers,
to have penetréted to at least layer 5, to have no more than 4 consecutive
miésing layers, and to have less than 9 nearby hits, summed over éll layers.
Fig 3 shows the d@stribution of tﬁe phi angle‘residual at the HCAL
between muon segmenﬁs found by the strip clu;ter algorithm and extrapolated

tracks from mpdn pair events. The width of 3 mrad ls compatible with the

expected extrapolation and multiple¥scattering errors. This width remained

unchanged after openring and closing the various sections of the magnet yoke
for maintenance. Thus, the initial survey and position callbration, based
on nominal streamer cell positions within the iron, appears to be accurate

and stable‘enough for present purposes.

e) Trigger

Although all components of the trigger system were available by April
1990, shortage of manpower prevented cabling and commissioning until late
summer. The 92 trigger signals are 16-fold analog sums generated by the
tower readout ADC's. These signals, each fepresenting the energy deposited
in a 4 x 4 tower element, are discriminated at 3 different thresholds by 18
comparator cards. Elements with energies above the lowest fhfeshold are
mapped onto the hadron layer of the OPAL trigger ﬁatrix by matching cards.
Signals above the other 2 thresholds are used to generate colincidence

triggers between the 18 different half—rihg sections of the HCAL. Fig 4
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FIG 3

Phi Residual At The Hadron Calorimeter Between
Central Tracks And HCAL Muon Segments
For Muon Pair Events
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shows the correlation between set track trigger matrix elements and set HCAL
matrix elements for muon pair events. There is perfect correlation with no
noise. The HCAL threshold corresponds to an energy of about 700 MeV and the
efficiency for‘triggering on a singlé muon pair track within the acceptance

is about 85%.

f) Physics Applications

The HCAL plays a crucial role in the identification of inclusive muons.
Most of the analysis has been directed towards the measurement of the AR
bb branching ratio. Studies of muon pairs, real Ko’s, and simuldted
multihadron events show that the HCAL aloﬁe can ldentify muoné with an
efficiency of 85% aﬁd a hadronic contamination of less than 1.5% per track.
In some geometrical regions, this is the only muon 1dentifiér. Generally,
however, there 1is overlap with the barrel and endcap muon detectors.
Cross-checks between the HCAL and these detectors enable the efficiency of
each to be determined. In addition, a coincldence requirement between
loosely defined muon segments in the HCAL and the muon detectors provides
the purest sample of muons, with a contamination probability of less' than
0.5% per pion track.

Higgs bosons, both in the standard and SUSY models, are likely to be
produced by the Bjorken process 2° > Z2°H°. The missing energy channel
where the virtual Z decays to a pair of neutrinos, offers the most promising
search channel. It results in a distincfive signature of a pair of Jets
(probably b-jets) recoiling against invisible energy.

Initially, the search for‘ﬁhis signature was conducted without using
the HCAL. Events with missing energy recoiling against a pair of heavy jets

were selected using cuts on thrust, acoplanarity, acolinearity, transverse



FIG 4

Scatter Plot of Set Track Trigger Elements vs
Set HCAL Trigger Elements For Muon Pair Events

(the side-bands correspond to the opposite track of the pair)
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momentum, and both the total mass and' the séparate masses in two
hemisphéres. (Oniy charged and electromagnetic energy were considered.)

| Several events remain, of which Fig 5 is an example. The apparent
“missing energy" is clearly due £o one or more neutral hadrons, which
deposit energy only in the‘HCAL. Identification and removal of these events
increases the latest OPAL lower limit on the. mass of the standard model

~ Higgs boson from 31 GeV/c® to 39.4 GeV/cZ.

g) Future Upgrades

Besides the gas system improvements already mentioned, several other
repairs and‘upgrades yill be necessary during the long 1990-91 shutdown.

The monitor system, which measures the singles counting rates of groups
of chambers, and incorporates a wire pulser, suffered front end damage
apparently due to an accideﬁtal beam loss into the OPAL detector. This
system is vital for the re-commissioning of the detector and about 20 of the
72 monitor cards will have to be removed from their on-board housings for
repair.

Continued improvements in the LEP luminosity, and the lénger term
prpspect of at least doubling the number of circulating bunches, demand
reciprocal improvehents in the OPAL trigger rate capability and deadtime.
Targets of 10 ms readout time and 10 Hz rate capability have been set for
1990. The present HCAL readout time of about 15 ms is essentially limited
by the 68020 c.p.u. in the master system crate where the 2 halves of the
hadron calorimeter readout are merged and where most of the calibration,
monitoring, and control tasks are performed. Replacement of this c.p.u. by
a 68030 processor, combined with a major sof tware upgrade, may be sufficient

to meet the target. If this is not the case, the 2 branch CAMAC system will
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have to be reconfigured into 4 branches. This will require new VME-CAMAC
intefface hardware and software.

Some re-building of the trigger control logic will be‘necesSary. To
pérmit this, éhd to ease a perilous spares situation, more iogic and gating

units will be needed.

h) Manpower

Despite a reasonably reliable ahd successful first year of operation,
shortage of ‘manpowef remains the most serious thréat to the future
performanée of the HCAL.

Each sub-detector is required to have bofh hardware and data
acquisition expefts(available around the clock. From the data-acquisition
pbint of view, HCAL 1is 2 separate sub-detectors, HS (strips) and HT
(towers). In addition, the performance of daily checklists, adjustment of
constant gain and routine monitoring requires approximately one full-time
physicist, . (This task i1s rotated amongst the 3 collaborating institutes.)
Detailea problem diagnosis, routine maintenance and repairs, gés supply
logistics (bottle delivery, changing, etc.) and further hardware
developments such as lsobutane recuperation and underground gain monitoring
required one full-time technician throughout 1990. The need for skilled and
experienced technical support to maintain and improve such a large and
complek device is self-evident. Although these requirements were met during
1990, the chronic understaffing is apparent from the deléyed implementation
of the trigger and the poor understanding of the individual layer efficliency
(apparently only 75%, probably resulting from detailed survey and status
uncertainties), and of the individual energy calibration and cross~-talk for

the towers.



i) Conclusion

The Hadron Calorimeter has performed well during its first year of
oéeration. Hardware and data acquisition reliablility have Been good, with
| every prospect of continued stability during 1991. More manpowér is clearly
needed urgently, but nevertheless data‘froﬁ‘the detector have been crucial

to several physics anélyses.
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C. D¢ Experiment at the Tevatron Collider. - (A Baden, N. J. Hadley,
S. Kunori, K. Streets, T. M. L. Ren, D. Norman, Univ. of Md., in
collaboration with the Univ. of Arizona, Brookhaven National Lab.,
Brown Univ., Univ. of Calif., Riverside, Columbia Univ., Fermilab,
Florida State Univ., Univ. of Hawaii, Indiana Univ., Lawrence Berkeley
Lab., Univ. of Michigan, Michigan State Univ., New York Univ., Northern
Illinois Univ., Univ. of Rochester, CEN Saclay, Serpukov, SUNY Stony
Brook, Texas A&M Univ. Yale Univ.)

1. Introduction

| The D¢ experiment, which is being‘bﬁilt by a collaboration of more ﬁhén
100 physicists from 22 institutions,‘is a large 4m detector faclility designed
to study proton-antiproton collisions at 2 TeV center of mass energy. Since
D¢ has no magnetic field,‘it is able to have compacﬁ, highly segmented,
nearly hermetic calorimetry with exéellent energy resolution. It aléo has
exéellent‘lepton identification for Soth electrons and muons. We hope to use
the strengths of D¢ to:

"1._ Study the physics of QCD, in particular that of jet production, at
, the highest energy accelerator in the world.

2. Search for phenomena that are predicted to exist by the Standard
Model but have not yet been observed, most notably the pop quark.

3. Search for phenomena that lie beyond the standard model, such as
supersymmetry and technicolor.

The D¢ experiment has been under construction during 19§0 and lafge
parts of the apparatus are 1nstalied at Fermilab. The central calorimeter
modules are complete and have been installed in their cryostat. The
internal cryostat cabling is complete and the central cryostat‘has been welded
shut. All of the elements of the central detector, the Central Drift chamber,
the Transition Radiation detector, the Forward Drift chambers, and the Vertex
detector, are now complete and at Fermilab. See Fig. 1 for a drawing of the
D¢ calorimgters. The muon iron is complete and more than half of the muon

chambers are installed in the detector. In addition to these efforts, D¢ is
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“testing both calorimeter modules and parts of the central detector in a Test
Beam at Fermiiab during the current fixed farget run, = The goél of all of
‘these efforts is to be feady to take data during thé next Fermilab collider
run which ié now scﬁeduled for summer 1991.

The Univérsity of Maryland‘D¢ group remained essentially the same size
during 1990. We are now 4 Ph.D.'s (Prof. Eaden,‘Prof. Hadley, Dr. Kunorl,
and Dr. Streets) and two full time graduate students (Mr. Norman ahd Ms. Ren).
Dr. Baden was promoted to‘Assistant Professor in July 1990. In addition, we
employed two graduate sﬁmmer students during the summer of 1990. The Maryland
group has hardware reéponsibiliﬁies‘fof the conétruction of D¢ high voltage
fanout énd current monitoring system. The group has software respansibilities
for the development of muon analysis progréms and for jet reconstruction
algorithms. We have also been heayily involved with the calorimeter test
beam effort and with the testing of qalorimeter electronics. Prof. Hadley
is the co—organizér with Paul Grannis, the spokesman for D¢, of the two DO
Upgrade workshops at Fermilab during the summer of 1990. He also orgahized

the D¢ session at Snowmass‘1990.
2. High Voltage Fanouts

The Maryland group is responsible for building most of the D¢ high
voltage fanquts and fér designing and building high voltage fanouts with
current monitoring fﬁr the D¢ calorimeters. We have built about 1700
channels of high voltage fanouts without current monitoring this year.
Despite our only becoming involved with this project in June of 1989, we
completed these fanouts in time for use ' in the test beam and for general
debugging of various detectors in D¢ this year. The fanouts met the

specifications of less than 2 nanoamps of leakage current at 10,000 volts.
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They were built and tested at.Maryland by our group's electronics engineer
and technlcians, using the services of the Maryland Physics Department machine
shop.

The design of the fanouts with curfent‘monitoring for the D¢ calorimeters
is riow complete and a profotype has been successfully tested. The current
monitors‘are computer controlled and are capable of reading from 100 nanoamps
to 20 microamps at 4000 volts. The design and testing wére again accomplished
by the High Energy Physics group’'s electrical engineér (R. Bard) and .
technicians (V. Miller‘and J. Colmer) with the ass;sténce of Prof. Baden and
graduate student, M. L. Ren. We antlicipate going into prodﬁctioﬁ of the
fanouts with current monitoring in late August 1990.‘ Currént moniforing will
only be implemented on about 521 out of a tdtal of 2500 channels to reduce the
cost. The fahouts are being built in such a way that current monitoring can
be added later when more funds are availablg.

The work on the high voltage fanouts is funded by D¢ equipment monies

which are transferred to Maryland through Fermilab.
3. Calorimeter Test Beam

D¢ has mouhted a major effort in an FNAL test beam during the current
fixed target run at Fermilab. During this run, we plan not only to‘test
‘1nd1v1dual calorimeter modules, but also groups of modules and thé cracks
between them. Since D¢ does not have a magnetic field, the test beam is the
best place to obtain a thorough understanding of the detector. This test
beam work is a large effort and involves most of the member institutions in
the D¢ collaboration.

KD. Norman helped with the installation and testing of the calorimeter

modules in the central cryostat in the D¢ hall. He was then responsible for
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the preparatiog aﬁd checking of the cart and grid used to mer and hold the
modules in the cryostat. K. Streets from the Maryland group is in charge of
commlssioning and maintaiﬁing the calorimeter electronics for the test beanm
run. This continued her earlier work with the "5000 channel test" which was

a test of one twelfth of the D¢Ycalor1meter electronics. Vork for the test
beam has included 1nstallipg; debugging and maintaining the electronics during
the‘run. This, of course, hés beeﬁ a large effort. The Maryland group |
‘(principally K. Streets and D. Norman) has‘alsoiwritten software for studies
of pedestal stability, pulser stability, and pulser uniformity and llneafity,
It was necessary to optimize the choice of calorimeter channels that were
instrumented in order to fully contain a'hadrénic sho&er, since thefe were not
‘eﬁough feedthroughs in the test beam cryostat to completely hook up all of the
modules inside. This required ganging of some of the calorimeter signals and
re-mapping them for their usual locations. This ganglng‘and re-mapping was
done in "Kluge Cards". K. Streets‘designed these "Kluge Cards" and oversaw
their production and testing. There were a total of 41 "Kluge Cards" made

of 19 different types. These cards were completed on time for the test beam
run and are being used in the current data taking.

The Maryland group, Qf course, has been taking shifts during the test
beam running and has been active in the data analysis, concentrating on this
time on the electronics and on online data analysis including the measurement
of the beam momentum. See Fig. 2. This followed.up}on our earlier work
analyzing the 1987-1988 test beam data.

4. Muon and Jet Software
ST Kunori is currently working as coordinator of the muon reconstruction

program and muon Monte Carlo simulation program. The initial version of the

muon finding program was developed by D. Hedin of Northern Illinois
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University‘ The program looks for muons locally in the muon chambers and
does fitting using only the muon chamber‘ﬁits. The muons that have been
found are then matched to tracks found in the central detector to provide

an improved momentum measurement. The first version of the matching program
was &ritteh by S. Kunori along with S. Abachl from Fermilab amd D. Zieminska
from In&iéna‘ These program packages are currently being tested and im-
proved.

N. Hadléy and B. Kliﬁa from FNAL are the ¢o—leaders of the D¢ Jets
Algorithm gruop. This year we completed algorithmé based on both a fixed
cone on‘an‘8¢’épace ;ncluding splitting of oVerlapping Jets as Qell as a
"nearest neighbor" algorithm that clusters adjacent‘toﬁers. Both algorithms
héve beén tested extensively on more thén 10,000 Monte Carlo evehts. These
algorithms have been used to detect a number of inconsistencies iﬁ‘the D¢
geometry between the Monte Carlo and reconstruction programs. We present in
Fig. 3 results for the expected D¢ jet n, ¢ énd energy resolution obtained by
comparing the known parton energies and directions in the Monte Carlo with
the reconstructed jets. We have started wofk studying cross sections ex-

pected as a function of the Jjet cone size to compare with QCD calculations‘1

References

1. See, for example, F. Aversa, et al., Phys. Rev. Lett. 65, 401 (1990).
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S. D¢ Upgrade

Although the D¢ detector ié not yef complete, we are, nevertheless,
starting to prepare for an upgrade of D¢ to best utilize‘fhe physics
opportunities with the proposed new main.injector at Fermilab. With the
main injector, the luminosity at the collider is expected to rise from the
present value of a feQ times 1030 to about 107 after 1995. Prof. N. Hadley
has been a co-organizer with P. Grannis, the D¢ spokesman, of the D¢
coliaborations intérnal wbrkshops on the Upgrade. He also led the D¢ Upgrade

group at the 1990 Snowmass workshop.
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D. Deep Inelastic Muon Scattering of TeV II (E665 at Fermilab). (S. Aid,
S. Kunori, S. 0O’'Day, E. Ramberg, A. Skuja and G, A. Snow of the Univ.
of Maryland in collaboration with physicists from Argonne National Lab.,
Univ. of California (San Diego), Cracow, Fermilab, Harvard, Illinois
(Chicago Circle), Max Planck Institute (Munich), MIT, Washington,
Wuppertal and Yale).

The Fermilab experlment, E665, took data‘in 1987-88 using 500 and IOO‘
GeV/c mﬁon beams on three targets, a high pressurized gaseous xenon, -liquid

hydrogen and liquid deuterium. All of SOO GeV/c data have been processed

. through reconstruction prdgrams and:data analyses are in progress. The

cdllaboration reported its first preliminary result on a cross section

ratio of xenon to deuterium at small x at the DPF meeting at Rice in
bj

Januafy 1990 and since then has been reporting preliminary results on

"structure functions and hadron production reactions at various conferences

(table 1).

| The experiment finished its second run in August 1990. 500 GeV/c muon
beams were directed at three solid targets, céfbon, calcium and lead, and
two liquid targets, hydrogen and deutérium. With these targets, we are
planning to study more details of the A-dependence of structure functions
and:hadron production in muon interactions relative to the sﬁﬁdy based on
RUN87-88 which nad only the gaseous Xe target and liquid deuter'um for such
A dependence stﬁdies.

E665 has been approved for running in the next fixed target running
period at Fermilalb starting in December 1990. In that run the plan is to
concentrate on taking data from light targets, liquid hydrogen and
deuterium, with the 500 GeV/c muon beam.

In the following sectlions we describe: 1) some results from the first
run (RUN87-88), 2) status of second run (RUN90) and 3) the next run

(RUN91).
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Table 1.

Contributed Papers to International Conferences (on E665 results)

Muon Interactions at 490 GeV: First Results from E665 (talk by M. Schmitt)
“25th Recontres de Moriond: High Energy Hadronic Interactions, Les Arcs,
France, Mar. 1990.

Nuclear Dependence of Hadron Production in Deep Inelastic Muon-Nucleon
Scattering at 490 GeV/c, (Talk by J. Ryan), 12th International
Conference on Particles and Nuclei (PANIC 90) MIT, Cambridge, MA,
June, 1990,

Preliminary Results on Neutron-to-Proton Cross-Section Ratio at Low xbj From

Deep Inelastic Muon Scattering at 490 GeV/c, M. Adams, et al., sub-
mitted to the 25th International Conference on High Energy Physics
Singapore, 1990 (Talk given by C. Halliwell).

Measurement of the Xenon/Deuterium Inelastic Scattering Cross Section Ratio
Using 490 GeV/c Muon, S. Magill, et al., submitted to the 25th Inter-
national Conference on High Energy Physics, Singapore, 1990 (Talk
given by C. Halliwell)

Energy Flow and Transverse Momentum of Hadron Jets Produced in Deep In-
elastic Scattering, M. Adams, et al., submitted to the 25th Inter-
national Conference on High Energy Physics Singapore, 1990 (Talk
given by H. Lubatti).

‘Talks at APS Meetings (on E665 Results)

Xe/DZ Cross-section Ratios at Low XBJ from Muon Scattering at 490 GeV/c

by S. Magill at 15th APS Division of Particles and Fields Meeting,
Houston, TX, Jan. 1990, and at APS Meeting, Wash., D. C., Apr., 1990.

D2/H2 Cross-section Ratio at High Qz from Deep-Inelastic Muon Scattering,

'S. Aid at APS Meeting, Washington, D. C., Apr., 1990,

D2/H2 Cross-section Ratio at Low Q2 from Deep-Inelastic Muon Scattering

by A. Bhattl at APS Meeting, Washington, D. C. Apr., 1990.

Transverse Momentum and Energy Flow for Forward Charged Hadrons and Photons
in Deep-inelastic Muon Scattering by D. Michael, at APS Meeting,
Washington, D. C., Apr., 1990.

Transverse Momentum of Charged Hadrons Produced in Deep Inelastic Muon
Scattering by D. Jansen, at APS Meeting, Washington, D. C., Apr., 1990.

Pi Zero Production in Deep Inelastic Muon Scattering at 490 GeV/c
by E. Ramberg at APS Meeting, Washington, D. C., Apr., 1990.

Charged Hadron Multiplicities in Deep Inelastic Muon-Hydrogen and Muon-

Deuterium Scattering by S. 0'Day at APS Meeting, Washington, D. C.,
Apr., 1990,
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(1] Some resul£s from RUNB7-88 »
The‘EGSS‘detector in RUN87-88 has béen described in previous progress
reports and published elsewhere.‘ (Nﬁcl. Instr.‘ana Meth. A291, 533 (1990)).
Two triggers were employed as main physics triggers. The large angle trigger
(LAT) covers the muon scattering angle‘down to 3 mréd. ‘The shall angle
trigger (SAT)‘goes down to 1.0 mrad. Tt used 12% of the beam luminosity
relative to that for the LAT. Thesé triggers with the wérld’s highest muon
beam energy, 500 GeV, allow us to explore physics in a wide kinematical
~ 10

bJ
Q%) » 0.1 - 100 GeV® and the total hadronic energy (W) in the center of mass

region; the Bjorken scaling variabie (x‘ ) -3 to 1, 4 momentum transfer
system up to 30 GeV.
(a) Nuclear Shadowing

Since the observation of A‘dependence effects in structure functions by
EMC in 1983, the so-called EMC effect, many experiments have focused on this
subject and many theoretical papers have been published. E665‘also studied

the effect, especially in the small x region where shadowing becomes

bJ

important.

Shown in Fig. 1 are ratios of crbss sections for xenon and deuterium
for the SAT data sample with Qav> 0.1 GeV® and y (= E,~Ey)/Eg) < 0.75, where
Eb and E1 are energy of the beam and scattered muon, respectively. Since

the contribution of radiative processes to the total cross section becomes

significant in the small x region, we used three methods to obtain the

bJ

ratio.

The stars in Fig. 1(a)‘are corrected by a calculation for the full

‘radiative processes, i.e., internal loop, quasinelastic and inelastic. A

contribution of the internal loop process (so-called vertex correction) is
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the same for xenén and deuterium and cancels out in the ratio of the cross

_sections. The quasi-elastic process becomes significant at high y and small

X; typically about 50% of total cross section at y = 0.75. The inelastic

bJ’
process has almost constant contributions to the‘total cross sectlion, roughly
10% in all‘of the y range and does not much change the slope of‘the ratio,

In ofder to exclude the biggést contribution due to the quasi-elastic
radiatiQe events, we used the electromagnetic calorimeter to identify such
events., These are subtracted and the result is shown by triangles in
Fig. 1(a). 7The result may still have a small residual contribution from the
inelastic process.

Third method to avoid the problem due to the radiative processes is to

exclude a kinematical region where we expect large contributions of the

‘radiative processes. Open circles in Fig. 1(a) are fgr‘events with a tighter

kinematical cut in y, y < 0.5.

All three methods agree with each other within our statistical error
bj region.
Fig. 1(b) shows'comparison of the E665 result with the full radiative

bars. The result shows clear shadowing effect in the small x

correction and EMC (NA28) result. Both show quite similar shadowing effects
and the E665 shows the ratio continuously decreasing down to x ~ 1073

bj

Shown in Fig. 2 are the cross section ratios of xenon to deuterium as a
function of Q2 with the results from NA28. The E665 data points cover a wider
range of 02 than the NA28 data and show no strong Q2 dependence both at small

xbj (0.001-0.025) and at larger xbJ (0.025-0.2). This result is inconsistent

with the naive vector meson dominance model, whereas it is consistent with



" the gluon recombination model which predicts no strong Qz dependence.

(b) n/p ratio
- We also studied the ratio of‘cross sections of neutron to proton uéing
liquid hydrogen and deuteirum data. As shown in Fig. 3 the ratio is con-

sistent with results from BCDMS and EMC at larger X, , and approaches unity

bJ
xbj decreases. The result is consistent with expectation from the
standard QCD-quark parton model. This 1is a topic for S. Aid’s thesis. He

as

reported the results at the‘APS meeting at,WaShington and the structufg'
function workshop at Fermilab in April, 1990.

" We have been also studying hadron productions in the muon interactions.
(c) Exclusive p° production.

In the exclusive channel we studied p° production. The e#clusive events
are selected by a requirement of energy-momentum conservation for finél state
of u+, n+ and m . A contamination due to e+, e pair‘production from pure
electromagnetic interactions are removed using the electromégnetic calori-
meter. The resultant invariant mass distribution for n+ and n—‘(Fig. 4) shows
a clear peak of p° production. The decay angular distributions of the po
candidates are shown in Fig. S for three Q2 ranges. - The decay angular dis-

tributions are fitted to a formula,
W(cos(8)) = A[1-r+(3r-1)cos?@]

where A and r are free parameters. r = 0 for transverse polarized p°’s and
r =1 for longitudinally polarized po’s.‘ The parameter r is shown in Fig. 6
as a functién of Qz.‘ The E665 data clearly show the transition of the p°
polarization‘from tfansverse to longitudinal as Q2 qhanges.

(d) High Pr jets and photon-gluon fusion

The single photon exchange diagram and the diagrams for the lowest order



QCD‘corrections in deep inglastic muon sﬁat£ering are shown in Fig. 6.

a) 1is the lowest order diagram. b) and c) are gluon bremsstrahlung diagrams
and d) and e) are photon-gluoﬁ fusion diagrams. The diagrams b-é are called
Hara QCD diégfams. fhe gluon 5remmsstrahlung has been studied‘éxtensively in
e+e— colliding experiments, while fhe photon-gluon fusion process is a channel
unique to deep inelastic interaction experlmegts‘ It becomes a‘major coﬁ—

tributor to‘the‘cross section at small x ., where gluons'dominate in the

bJ

. target nucleon. E665 has an advantage over previous deep lnelastic experi-

ments‘in studying this process because of its highér beam energy whiph'allows
é smaller xbj'to be reached.

The gluon bremsstrahlung and the photon-gluon fusion proceéses increase
the transverse momentum of particles with respect to the virtual photon axis
and create a two-jet liké event structure in the forward hemisphere in the
hadronic center of mass system. The transverse momentum distribution of
forward charged particles is shown in Fig. 7 (stars). A LUND Monte Carlo
curve Wwith the hard QCD processes (dotted-dashed lines) agrees quife Qell
with data, while that without the hard QCD processes (dotted line) is quite
off from dafa.

The two Jjet like event structure is cleafly seen in an energy flow dia-
gram. (Fig. 8). In order to define Jet‘like event structugeg wé.apply cuts

on events as follows: 2'

2
z(pT - Pp )
in out
Planarity: > > > 0.5
E(pT * Pr )
in out

1/2>:3

Dispersion: 4 Z(pf_1 - <p$>)/(no. of tracks)
The LUND program with the hard QCD processes (solid curve) agrees well with

data, while that without the hard QCD process does not reproduce the event

-74 ~



shape.

' (e) Charged Particle Multiplicltles

The charged particle mulfipliciﬁies are studied using‘streamer chamber
data by S. O’Déy of Maryland. He developed a,pfogram to link forward“
spectrometer tracks and stfeamer chamberitracks. Shown in Fig. 9 is the
average multiplicities as a function of W? with the LUND prediction and‘

EMC(NA9) data. E665 data is higher than the EMC results in the same W

range. The LUND program reproduces well the E665 results with a newly cal-

culated structure function by Wu-ki Tung and Morfin, but does not withvthe
old Gluék, Reya and Hoffman structure funCtioné which have fewer gluons at
small‘xbj. Our results indicate‘that the multiplicity distribuﬁion is
sensiti?e to the contribution of the photon-gluon processes to the tétal
cross section at small xbj.

In addition fo the above resﬁlts E665‘has been studying a wide range of
hadron formation reactions in muon-nucleon and muon-nucleus interéctions. For
example we reportéd the A dependence of hadron produétionlat the APS‘meeting
in Washington, April 1990 and at the PANIC conference in June, 1990 and a
paper on the Bose-Einstein correlation is in prepération.

The Mafyland group has been playing a major role in the data analysis.

The group‘contributed a lot in developing Monte Carlo codes and event re-

construction codes. Dr. Kunori has been leading efforts on data analyses in

- the collaboration. Dr. Ramberg finished his Ph.D. thesis last year on the

neutral pion productions in the deep inelastic scattering. Some of his pre-
liminary results were included in the previous progress report. S. Aid and
S. O’'Day are expected to finish their theses work on the cross section ratio
of neutron‘to proton and. on the charged particle multiplicities, respectively,

this year.
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Fig.1 Xe to D2 cross section ratio as a function of Xbj

for Q2 » 0.1 GeV2, vu > 40 GeV and y ¢ 0.75. :

a) by three differnt methods, b) comaprison with NA28.
Fig.2 Xe to D2 cross section.ratio as a function of Q2.

Fig.3 neutron to proton cross section ratio as a function of Xbj
for SAt and LAT data sample.

Fig.4 Invariant mass distibution fof pi+pi- and K+K- for exclusive events,
Fig.5 Decay angular distributions’of rho0.

Fig.6 RhoO decay parameter as a function of Q2.

Fig.7 diagrams for muon deep inelastic scattering. a) lowest érder‘

one photon exchange b) gluon bremsstrahlung and c) photon-gluon
fusion. ‘

‘ Fi§.8 Transverse momentum dlstrlbutlon for charged hadrons wnth

W2 > 300 Gev2.

Fig.9 Energy flow dlstrlbutlons calculated using forward charged hadrons.
;) coapartson with LUND Monte Carlo with hard QCD and b) without
ard QCD

Fig.10 average charged hadron multiplicity as a function of W2.
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'[2] Status of the second run (RUNSO)

A summary of statistics of RUN90 is shown in table 2.

Major'modifications for RUN9O were i) new target system, (1i) new

vertex drift chambers and 111) 1mpro§ement of triggers.

In order té reduce time dependence effgcts‘in A-dependence studies, E665
builf a new movable target system. - The new system was placed in front of the
vertex magnet (CVM) aﬁq held all targéts on its movable table. It switched
target from one to another during the 40 second periods between spllls and
cycled through all the targets during data taking. | |

New vertex drift chambers replaced the streamer chamber in order fo
improve statistics of slow tracks in the laboratory system. Also they will
improve the resolution of scattering angles of muons which is crucial in the
structure function anélyses. 13 out‘of 16 modules were installed and were
wofking during the run.

Trigéers were also improved. The smgll‘angle trigger (SAT) used about
50% of beam luminosity instead of 12% in RUN87-88. For the large angle
trigger (LAT) new scintillator walls were built in front of the electro-
magnetic calorimeter in order to reduce false triggers due to interactions
in absorbers. Also LAT used a second level trigger based on muon roads in
wire chambers (PTM) behind the absorbers for the first time. Dr. Skuja and
Dr. Kunori helped to establish those triggers.

All data were written onto 8mm video cassette tapes. Alignment constants

'have been calculated for most of runs and a fraction of the data have been

processed through the reconstruction program for the VDC tracks and the

vertex fitting program has been modified to include them.
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[3] Plan for the next run (RUN91)

‘The next major run is scheduled to start at the beglinning of December,
1990. No major upgrade 1s planned for the run. We are planning to use

only llquid hydrogen and deuterium targets and no heavy target. We hope to

. increase statistics at high W to study the hard QCD effects and other hadron

processes on light targets.
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'E. Experiments at Los Alamos.

E1. CYGNUS Experiment. (C. Y. Chang, D. A. Krakauer (at ANL), R. Talaga (at
-ANL), U. of Maryland in collaboration with the Cosmic Ray Group at U.
of Md., George Mason U., Los Alamos National Lab. and U. of California,
TIrvine.; ‘ . B ‘ ‘

VA
o

The plrpose of this research is to ldentify the sources of ultra high
energy (UHE) radiation and to study the nature of the interaction of this

radiation with matter. Extensive air showers cauéedlby primary cosmic rays

above ~ 50 TeV are detected by the CYGNUS array at Los Alamos. This array

‘conslsts‘of 202 scintillation counters and several well shielded muon detec-

tors. The direction of showers is obfained by reconstructing the‘nanosecond
timing of the scintillation counters. Tﬁis allows the array to search for
directional and temporal excesses from the directidn of suspected sources of
UHE nucleil. When épecific signals are detected the details of these showers
can.be studied to gain information about the nature of collisions between
fﬁndamentai particleé at energies above that available from‘earth-based
accelerators.

The CYGNUS Experiment has continued taking data during the past year
while undergoing a major expansion. The Air Shower Array has been expanded
from 96 to 202 counters. The addition of these new counters has increased
the area of the array from 20,000 m2 to about 80, 000 m2. New muon counters
have been installed in tunnels drilled under the expanded array. The array.
has recorded over 120 million showers. {

The high resolution of the CYGNUS array anud our vast data base have en-
abled us to check the resolution of an EAS array using celestial objects
for the first time ever. Background cosmic ray triggers, which make up most

(if not all) of our data set, are to first order isotropic in arrival direc-

tion. They are, however, blocked completely by the moon. The moon subtends

-86-



a véry small solid angle (0.2 square degrees) compared to our resolution of

0.8°. In addition, tﬁe-Cos79 dependence of our trigger efficieﬁcy reduces our
acceptance from the moon's direction. Nonetheless, we have used our néw data
set to see the shadow of the moon. Using‘the deficit in events and a maximum

likelihood analysis we have shown that our resolution 1s what was predicted

and most importantly, that our systematic errors are small. Using the same

fechnique fhe,"shadow“ of the sun was also seen (above 10'* eV the magnetic
field of the sun has little effect). This gives us‘renewed éonfidence in the

quality of ouf array’'s performance. This result has been submitted to Phys.

_Rev. D Brief Reports. In addition, we have published our results on the ob-

servation of no signal from'Cyg X-3 during the July 1989 radio burst.

We have recently installed a‘deal Afea_VAX Cluster with our online sys-—
tem. Thié allows access to the raw data as soon as a run is completed. Runs,
which last about eight hours; are writfen directly to disk. ‘At the completion

of a run, which is timed to end when no potential sources are directly over-

‘ head,'the data are coplied to 8mm tape and simultaneously a processing run is

started on a workstation. This workstation reconstructs all events and per-
forms additional monitoring of the data.  The processed output data are then
copied to 8mm tape and compressed filcs are transferred via Decnet to Mary-

land. This allows us to study the data nearly in real time.

MILAGRO
We at Maryland (along with U.C. Irvine) have been spearheading a new
proposal which has recelved significant attention in fhe non-accelerator com-
munity. It is called MILAGRO - Maryland Irvine Los Alamos Gamma Ray
Qbservtory; The motivation behind this experiment is that air showers from

primaries with energies below 50 TeV have previously only been studied with
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atmospheric Cherenkov teéhniques whieh can‘only observe one source at a tihe
and are limited ﬁo viewing on dark moonless nights. Sources are visible only
on moonless nights and for only haif of the year. The time varlabllity‘of
sources can iny be understood with near continuous observation. This néw
experiment proposes a completely new technique for studying small (> 1 TeV)
air showers. It w0g1d allow for 24-hour open aperture operation. A large
covered pond, 60m by 80m, located at Fenton Hill (8600’ elev.) near Los Alamos
would be inst#umented‘with two layers of a fast newly developed 10" phototube,
The air shower'electfons wh;cﬁ reach the surfacé radiate Cherenkov light

which 1ls detected by the PMI's. The photons convert into electron-positron

| pairs which then radiate. The arrival direction is then determined, as in a

conventional air shower érray, by timing. A second layer deployed below 8m
of water would be used to‘measure the muon content of air showers. The ad-

vantage of this technique is that by having a total sensitive detector which

is capable of measuring the photonic component as well as the electronic com-

poneht. the threshold can be lowered to ~ 1 TeV; This detector can bridge the
gap between atmospheric Cherenkov and EAS techniques thus allowing us £o study
a completely unexplored energy interval.

We are currently conducting a test to study the response of this type of
water Cherenkov system. An 8m diameter pool has been set up at Los Alamos
near the center of the CYG-I array. The pool is 2.2 meters deep and is being
covered by a light tight plastic. Ten IMB phototubes are being placed in the
pool to study the light énd timing response of this system under a varlety of
shower conditions. The next stage will be to use two new Burle 10" PMT's,
Information from the CYGNUS array on pulse height and timing should allow the

high preclision measurements needed to understand the proposed detector.
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E2. Ve e Elastic Scattering Experiment (E225). D. A. Krakauer(now at ANL)

and R. Talaga (now at ANL), U. of Maryland in collaboration with U.
of California-Irvine and Los Alamos Natlonal Laboratory.

The paber éntitled "Méasurément of Interference between W and Z Exchange »
in Eiectron-Neurino'EleEtron Scattering" was published in Phys. Rev. Left. |
ég,.1330'(i990),'and was highlighted at the v'90 Conference. Details of
the experiment have been described in brevious Annual‘Reportsi The paper
repofts the pbservat;on of 234 % 35 Vee—‘a veé events using a‘beam—sfop sQurée
of (N at LAMPF. The elastic cross section is found to be o(vee) = [9.9 1.5
(stat) £ 1.0 (syst.)] x 1072 cn® x tEV(GeV)]. This reaction is mediated by
the‘exchange of W aﬁd Z bosons and is‘thus sensitive to the interference
between them. This interference is measured to be -1.07 * 0.17 (stat) % 0.11
(syst.) consistent with the deétructive interference (-1.08) predicted by the
Standard Model. |

This same experiment was used to measure tﬁe exclusive cross section
12

12C(ve, e ) '°N(g.s.), as reported in Phys. Rev. Lett. 64, 1871 (1990).

Using the 15-ton fine-grained tracking detector, this exclusive final state
is identified by both an eiectron track and the positron decay of 2N, From
the observation of 181 * 17 12C(vé, e ) 12N(g.s.) events with subsequent
positron decays the flux-averaged cross section, equivalent to the cross
section for 35.0 MeV neutrinos, is found to be [1.05 % 0.10 (Stat) * 0.10
(syst.)] x 1074 émz. This result is in good greement with recent
calculations.

A paper is being prepared on the determination of an upper limit for the

Ve magnetic moment using the data of this éxperiment;
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F. Physics with the CLEO Detector at CESR. (A. Jawahery and C. Park, U. of
Maryland with Carnegie Mellon U., Cornell U., Florida U., Harvard U.,
Ithaca Coll., Kansas U., Minnesota U., Ohlo State U., Purdue U., ‘
Rochester U., SUNY at Albany, Syracuse U. and Vanderbilt U.)

The analysis of the YT(5S) run with CLEO at CESR lead by A. Jawahery and
C. Park is. essentially complete. This will form‘thé basis of Mr. Park’s

thesis that will be completed this year. The physics of thls study was |
described in last year's Report so it Is not repeated here. Several other
analysis projects from the dafa taken by CLEO in 1987-88 have beén completed.
A few of‘these are described‘below. (Prof. Jawahery wili not work on CLEO II.

since he is fully occupied with the OPAL program at LEP).

(1) Observation of B-Meson Semileptonic Decays to Noncharmed Final States,

(R. Fulton, et al., Phys. Rev. Lett. 64, 16 (1990)).

The first evidence of charmless semileptonic decays of B mesons is
reported in this letter. JLepions are found with momenta near and above the
kinematic limit for b - clv in T(4S) » BB decays. Since the contribution
of b » clv decays in this region is small, this excess is 1nterpreted.as
evidence for b » ulv decays. The crucial experimental distribution is shown
in Fig.‘i.' These events were selected from 244,000 TY(4S) events (ON) recorded
by the CLEO detector at CESR, corresponding to a luminosity of 212 pbhl, with
an addi‘ ‘onal sample of 101 pb-1 accumulated at total energles 60 MeV below

the resonances (OFF). A detailed analysis of this data yields an excess of

‘leptons attributed to b - ulv of 62.0 * 28.4 % 27.6 in the momentum interval

P, = 2.2—2.4 GeV/c. Interpreting this excess in terms of the Kobayashl-

Maskawa quark-mass-mixing matrix element Vu is somewhat .nodel dependent,

b
but one can say that the value of Ivub/vcbl obtained from the data is

approximately 0.1, not zero.
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(2) Exclusive and Incluslve Decays of B mesons into D mésons

(D. Bortoletto, et al., PRL 64, 2117 (1990)).

The $ample of‘242,000 BB events at the T(4S)‘cbrresponding to
L = 212 pb™!, and a background sample of L = 110 pb", were examined for
evidence Qf‘D; - ¢n“ decay, where the ¢ - K+K-. A clear signal of 257 % 41
Ds mesons‘from BB events was found. Assﬁming‘that the branching‘ratio'of
D;‘é ¢ is 2%, one obtains B(B - DSX) = (15.3 ¢+ 2.3)%. The observed momentum
spectra of the DS indicates that (56 * 10%) are twd body events, B -» DéD, and
the remainder mostly three body B - DsDn.

" A detailed analysis of these events revealed a sample of excluslive

events of the type B° » D'+D; and D+D;, and B 5 D;D-. ’No examples were
féund of a b » u exclusive event such as B" - ﬁ+D; or B® = K—D;. A summary

of this set of exclusive events 1is given in Table I.

TABLE 1. Bra‘nching ratios for two-body B-— D, decays. Here we have used B(D,”

—on” ) ™2%.
‘ Efficiency Branching Theonjctical

Decay mode (%) Events ratio (%) prediction (%)
B'—D**D,S 005 3 24+ 1.4 0.40-0.67
B'—D*D,~ 0.10 3 12407 0.90
B~ — DD 0.07 5 20%1.3 08-10
B°— n*D, 0.90 < <0.13at 90% C.L. 0.35| Vus/Ves |
B'— KDY '0,90 <3 <0.13 at 90% C.L. ce

The detection efficiency for double-charm decays 1s handicapped by the

small branching ratios of the D_ and D mesons into easlly detectable modes.

° - ¥4 —o o %y
> DS D and B »D_ D , one can exploit the low

For the two decay modes s

+

* [+] .
momentum‘n+ in Ds+ 5> D n decays and not require explicit reconstruction of

o ' . o - %y =0 o g o
the D. In this way a measurement B(B -~ DSD +B o Ds D ) =751%2%

was obtained.
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3. . Observation of T(4S) Decays into non-BB Final States Contalning ¢ Mesons,.
(J. Alexander, et al., PRL 64, 2226 (1990)).

Using the same sample of Y(4S) CLEO data described in (1) and (2) above

" plus a sample of 35,000 Y(5S) decays, a search 'was made for (/A e+e_ or u+u

secondaries. The maximum Y momentum from a B decay (B - ym) is 1,73 GeV/c

in the B rest system, and 1.94 GeV/c in the laboratory system. A 2 GeV/c ¢ -

would have a maximum x parameter Xg = 0.378 at the T(4S) where x is the

‘momentum divided by the beam energy. A signal of 150 t 14 W‘events is seen

B

seen in the continuum (OFF) sample. This 1mpliés after efficiency corrections

in the X &X sample, but also 15.2 ::': events for x > Xge No signal‘is

that the branching ratio B(T(4S) » yX) = (0.22 + .06 *+ .04)% for x > 0.378.

* ‘ ‘ C .
No evidence for D *or ¢ meson emission above the B decay kinematica

limits were found.
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(.. Results from JADE at PETRA. (P. H. Hill (now at DESY), J.A.J. Skard,
(now at ST Systems Corp.), G. T. Zorn, U, of Maryland, with DESY,
Hamburg U., Heldelberg U., Lancaster U., Manchester U,, Rutherford Lab.
and Tokyo U.).

Analyses of JADE data at PETRA contlinue to‘be completed ahd published,
Here‘wé discuss three recent works not included in the 1989 Progress Report,
(15 Measurement of Resonance Production in the Reactions ¥y n’n’ and

vy » t°n (T. Oest et al., DESY 90-025). |

The JADE detector had exéellgnt phbton detectlon‘capabilities down to
photon energies of -~ 50 MeV with 4m angular coverage of high g}anularity.
This‘has made possible the study of the exclusive channel e élue e ; Tyvvy
in the mass region up to ~3 GeV with reduced‘backgfound from QED processes,
The ngnd mass distribution shows a large f2(1270) and a small éhoulder at
the f0(975). The n°n mass distribﬁiion_is well fit with two Breit Wigner
terms at the ao(980) and the a2(1320) plus ‘a smooth background term.

Information about the ¥y widths of these resonants states are given in

Table 1.
‘Table 1
Measured Y widths.

Resonance " Number of Events va (keV)
£,(1270) 2177 £ 47 | 3.19 £ 0.09 "> (helicity 2)
a ,(1320) 85 t 9 : 1.01 % 0.14 * 0.22 (helicity 2)
a_(980) aq + 7 ~0.28 £0.04 £ 0.10/BR(a_(980)-n"n)
£ (975) 60 t 8 < 0.6 (95% C.L.)
r4(zoso) 13 ¢ 4 < 1.1 (95% C.L.) (helicity 2)
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Assuming that the spin‘O background under the f2(1270) is small, the f2(1270)
was found tc be produced exclusively in a helicity 2 state. The helicity O
contribution is < 15% at 95% c.l.

The cross sectlion for 77 -» n°n’ in the mass range 2.0 - 3;5 GeV/c2 was
measured for the first time. It is found to be ~ 1/2 as large as the
IY 2 n+n_ cross section measured in the same mass region by the TPC/2y
experiment. This impllies that the nm production cross section takes place
predominantly in an isotopic spin I=0 state in thls high mass region. The
JCD calculation for direct n°n°‘production is an order of magnitude below
the measurements.

(ii) A Study of Photon Production in Hadronic Events from e+ew Annnihilation.
(D. D. Pitzl, et al., Zeits. fur Phys. C46, 1 (1990).

Photons in hadronic events from e+e_ annihilation may be associated with
two different types of processes. Tliey can be decay products of mesons and
baryons or be emitted as bremsstrahlung photons by the incoming leptons or
final state quarks. The latter are called direct photons and a study of
their properties may be used to test the current picture of hadron prcduction
in which fracticnally charged quarks are created in e'e” annihilation and then
fragment into hadrons. The majority of the observed photons are of hadronic
origin and stem from n° and 7 decays. A reconstruction of the parent
particles allows a comparison with the inclusive spectra of charged pions
and kaons.

Results are presented on an investigation of photons produced in multi-
hadronic final states from e+e— annihilations at 35 GeV and 44 GeV center of
mass energies. Scaling violation between 14 and 44 GeV is observed in in-
clusive photon spectra. Comparing inclusive n’ spectra with charged pion

spectra it is found that the average n’ multiplicity exceeds one half the
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charged pion multiplicity by (16 % 5)% and (21 % 7)% at 35 and 44 GeV

‘respectively. The excess can be attributed to isospin violating decay of

hadrons. The 7 multiplicity is found to be <nn> = 0.64 £ 0.09 £ .06 at
35 GeV.

A thfee standard deviation signal is observéd for single photon emission
via quark bremsstrahlung. The measured charge asymmetry in hadronic final
states, due to the interference between initial and final state radiation, of
A= -0.141 * 0.041 is in accord with QED expectatlons. An interference
effect 1ﬁ the azimuth angle distribution of charged jJjets around the photon
direction is observed for the first time.

(iii) Final Results on Mu and Tau Pair Production by the JADE Collaboration
at PETRA, (S. Hegner, et al., DESY 89-178.)

Here we present the results of an analysis of data which were accumulated
with the JADE detector in the last year of operation of e+e_ storage ring
PETRA. Data were taken at Vs = 35 GeV and 4772 muon pairs corresponding to
an integrated luminosity of 88.3 pb"i. and 3238 tau pairs corresponding to
92.5 pb_1 were analyzed. In the muon pair analysls a renewed effort was made
to understand the absolute normalization and thus the total cross-sectiom.

As a further test of the predictions of the standard mndel the angular
asymmetry was studied as a function of acolline.rity of the muon pairs. In
the tau-pair analysis the main point of interest was an improved determina-
tion of background, in particular of any contamination by events from Bnabha
scattering.

The cross sections o““(Vg = 35 GeV) = 69.79 * 1,35 £ 1.40 pb and
cTT(VE = 35 GeV) = 71.72 + 1.48 % 1.61 pb are in agreement with the QED a°
prediction ¢ = 70.9 pb. The forward-backweard charge asymmetries are found

to be A“ = (~9.9 * 1.5 £ 0.5)% and AT(—S.I £ 2.0 £0.6)% in agreement with



H. Rare Kaon Decay Experiments at the Brookhaven National Lab. ( N. J.
Hadley, A. M. Lee, IV, Univ. of Md., in collaboration with Brookhaven
National Lab., the Paul Scherrer Institute (formerly.SIN), the Univ. of
Washington, and Yale University.)

+ + + - ° + -
‘Experiment 851 designed to study the decays K > mee and n - e e at
the Brookhaven AGS finished data taking in the spring of 1989. This experi-
ment was a continuation of Brookhaven experiment 777 which searched for the
+ + + - + + + -

decay K » npe. ThedataonK - mue from experiment 777 have now been

completely analyzed. No K''5 n'p’e” were seen, and an upper limit was set on

the branching ratio of 2.1 x 107° at the 90% confidence level [1]. This is

a factor of 20 improvement over the previous limit [2]. This same data was

used to establish an upper limit of 1.6 x 107® (90% C.L.) for the decay

° + F . . + + 4+ - .

n > e un . Translating the K »> m p e branching ratio limit into a limit

of new physics, is, of course, model dependent. However, as an example of

sensitivity of the decay to new physics, we note that in the model of Cahn and

Harari [3] wherc the decay is mediated by new horizontal gauge bosons, the

above limit would imply that the mass of these new bosons would be greater

than 39 TeV, assuming an interaction strength equal to the weak interaction.

The analysis of the K+ > n+e+e- data from Experiment 851 is in progress and

we expect to publish a value for the branching ratio of K+ - n+e+e_ before

the fall of 1990.
References
(1]. A. M. Lee, et al., Phys. Lett. 64, 165 (1990).

[2]. A. M. Diamant-Berger et al., Phys. Lett.

(3]. R. Cahn and H. Harari, Nucl. Phys. 176, 135 (1980).
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each other and with the value -9.2% predicted by the standard model using

M, = 91.0 GeV and sm"‘ew = 0.230.
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I. Search for the Top Quark. Drew Baden, U. of Md., with the CDF
Collaboration. ‘

During the 1989-90 year, I have worked on the CDF experiment. ﬂy
activitles were concentrated in data analysis, after having spent the pfe—
vious threelyears working on getting the experiment running.

My analysis contribution was in the field of heavy quarks. . CDF has set

a lower limit of 78 GeV on the mass of the heavy "top" quark using events with

electrons and jets. We are now in the process of preparing a publication

extending this limit above the mass of the W boson, to approximately 89 GeV.

This resulf. to be published sometime around Sepﬁember 1990 is extremely

important as it implies that all "top" quarks will "radiate" real (non-

virtual) W pérticles, and the decays of real W’'s are theoreﬁically well~-

predicted. There were several approaches undertaken in order to set such a

limit. |

1. Events with 2 ieptons (e-e, e-u, p-u) have a small rate due to the semi-
leptonic branching ratio (approximately 1/9 per lepton) but have either
non-existent or well-known backgrounds. |

2. Events with an electron at high transverse energy and jets, which have
large rates (branching ratio of approxinately 20% at high energy) but
have large backgrounds due to higher order QCD production of real W
bosons.
For the latter events, there are many handles fo extracting a heavy top

limit. Two examples are:

1. Each top quark decays to a real W and a Eottom quafk, which can decay
semi-leptonically. The background from QCD W decay will most likely not
have any "extra" bottom quarks. By looking for events with a lepton from

the W at high transverse energy and one from the bottom quark(s) at low
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transverse energy, one can eliminate most of the QCD background.

2. For top production, there are 2 top quarks which decay into 2 real W's and

2 bottom quarks. For the QCD background, there is a single W and some
recoil " jets". The global event measures for these two event types are

expected to be different.

My analysié focused on the 2nd method for extending the mass limit in the
electron+jets events. It is my belief that this method is potentially the
most‘powerful, but requires significant Monte Carlo simulation. The 1st
method, although also ﬁodel dependent, was thought to be less sensitive to
overall detector éimulation. Both methods will be used in the forthcoming
paper to some extent, although the final 1imit will depend on the dilepton
analysis. |

During the spring; the CDF group began to explore whether it is possible.
to make gontributioﬁs in "bottom" physics at the Tevatrdn.‘ I have spent some
time familiarizing myself with these issues, and presented the recent CDF

results at the SLAC Summer Institute.
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J. SSC Major Subsystems and the Solenoidal Detector Collaboration at the SSC.
(A. R. Baden, A. H. Ball, C. Y. Chang, D. G. Fong, N. J. Hadley, A.
Jawahery, R. G. Kellogg, S. Kunori, A. Skuja, G. T. Zorn with
collaborators from many institutions).

During 1989 the University of‘Maryland HEP group embarked on two major
subsystem investigations (in collaboration with colleagues from many other
institutions) for the SSC Laboratory - namely, Liquid Argon Calorimeter and
Muon Detection for Solenoidal Detectors. We also became one of the (many)

founding membef institutions for the Solenoidal Detector Collaboration for

the SSC.

lla. Liguid Argon Calorimetry Subsystem (A. R. Baden, D. G. Fong, N. J.

Hadley, A. Skuja).

‘We are members of the Liquid Argon Célorimeter Collaborations (LACC) for
SSC Reseafch énd Development. This proposal was partially funded in FY 19§O.
Maryland’é portion of the funding came partially from the DOE SSC equipment
funds ($13,500) and partially from DOE HEP operating funds ($31,500). The
LACC plans to build a‘prototype léad liquid argon calorimeter. We will
measure the pérférmance of this device at shaping times of 50,:100, and 150
nsec. These measurements will, of course, include the measurement of the
ratio of the calorimeter’'s response to electrons and hadrons. The calorimeter
will have lead plates given ouf belief that uranium, which has been success~-
fully used by the D¢ experiment at FNAL and by the Helios experiment at CERN,
wiil be too expensive for use at the SSC. A unit cell of the calorimeter
will consist of one 12 mm lead plate followed by a 2mm argon gap, followed by
a 1.6 mm G10 printed circuit board and then another 2 mm argon gap. The
calorimeter will be tested initially in a test beam at BNL. Details of the
physics goals and motivation for these tests as well as other aspects of the

LACC research program are given in the Memorandum of Understanding. In what
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follows we will concentrate on the University of Maryland's effort.

| The Maryland Membgrs of the Liquid Argon Calorimeter Collaboration (LACC)
include Professors Hadley, Skujé, Goodmah, and Baden and Research Scientist
Doug Fong plus one summer student {(undergraduate). Maryland is responsible
for providing 1nstrumentétipn for the test beam. This instrumentation 1nc1udes

Cerenkov counters for particle identification as well as scintillator (or

-scintillating fiber) hodoscopes and veto counters for triggering and beam

definition. We are also responsible for the data acquisition system and the
setup of the trigger elect;onics aﬁd logic along with BNL and Iowa State. To
date this year, we havé acquired on loan one anciént Cerenkov counter which
we are modifying and refurbishing for the needs of the LACC. We have de-
signed an extensioﬁ‘to the counter so that the length of thé radiator will

be three meters. We are cufrently engineéring new beam exit and entrance
windows for tﬁis counter. Withinythe next tﬁo months, we hope to borrow yet
another counter and to start modifying it as well. We note £hat both counters
mﬁst operate at feduced pressure in order to give wood good e/m separation at
the higher (10 GeV) beam momenta. We have acquired samples-of scintillating
fibers and tested their light output and atténuation length. From our
experience in similar test beams for the D¢ experiment good beamline
instrumentation is essential for understanding calorimeter performance.

We have acquired the necessary data acquisition software from Fermilab

“and are in the process of installing it on a microvax located at Maryland.

We specified the computer needed for data acquisition and it has been ordered
by Brookhaven National Laboratory. We have secured a loan of a Jorway branch
driver from Professor Zeller’'s group at Yale University and it is now in
transit to Maryland. We plan to bring up the DAQ system here on the micro-

vax at Maryland and then to transfer it to the dedicated DAQ computer at
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1b. Muon Detection for Solenoidal Detectors at the SSC. (A. H. Ball,
N. J. Hadley, S. Kunori, A. Skuja, G. T. Zorn)

The SSC Subsystem for Muon Detectlon for Detectors with Solenoidal

Magnets (and central trackers) is partially funded to investigate:

|

i

Appropriate design of muon detectors (type of wire chambers, re-
solution, etc.) for the Centrai‘(|n| <1.), intermediate'

[1. < |n] < 1.6) as well as forward (1.6 < |n] > 2.5 regions.
Appropr;ate tfiggering elements as well as electronics for single
and multiple muons.. | | |

The efféct of neutrons on muon detection and triggering. These
rieutrons are produced by hadroh‘scattering in the hadron calorimeter
of the detector and many present severe dlfficulties if scintillatof
is used as the triggering elemeﬁt.

The effect of knock-on electrons (or'delta‘rast on the muon wire
detectors as well as on triggering elements. These electrons are pro-
duced near the surface of materials ihfough which the muon has passed.
In addition, this study includes the effect of high energy muon
bremsstrahlung as the muon passes. through material. This latter
effect becomes more pronounced above 300 GeV and must be understood
for SSC muon detectors.

Simulation work to understand the resolution as wel! »s the electron
and neutron contamination of the muon trigger, of the identification

process, as well as the muon momentum measurement.

The neutron production rate behind various materials of varying
thickness is being investigated both experimentally as well as by simulation..

Some beam tests took place this summer at Fermilab and more measurements will
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have io be médé around CDF and D¢ when they take data at the next collider at
Fermilab. | | | |

Shuichi Kunofi of Maryland is 1nvolvea iﬁ modifying the GEANT code to
incorporate nedtron transport'appfOpfiately andvreproduce such measurements
using Monte Carlo techniques. The Maryland group w;ll‘also buiid and test
lucite trigger counters to see if we can trigger on the Chérénkov Iight of
relativistic charged particles and simultaneously sﬁppreSS»the neutron-.
proton knock-on contribution to the counfing rate. |

Similarly, the effect of bremsstrahlung showers and delta rays has been
simulated using GEANT by the Wisconsin group. Measurements behind E66$ will
take place during 1990-91 to verify‘fhe accuracy of these predictions. Such
measurements will be particularly important to study whether muon detectors

with’Qpen or closed geometry would be more appropriate for an SSC detector.

. The Maryland group (malnly S. Kunori and A. SkuJa with Maryland technician

assistance) will play a major role in the setup and measurement of these

effects. Our participation in this measurement is a natural extension of

- our E665 commitments as well as our long involvement in muon experiments and

detection generally. We will also assist in the simulation work necessary
for the appropriate muon détector design.

The Maryland group ls responslble for the layout and design of the
forward muon system for the SD Collaborafion. A. Skuja and H. Lubatti
(Washington) are responsible for the forward muon detection and triggering.
In conjunction with this responsibility, we will produce a detector design
and layout for this rEgion‘taking into account the results of the neutron,
electron, and bremsstrahlung measurements as well as simulations.

2. The Solenoldal Detector Collaboration for the SSC

The SD Collaboration was formed late in 1989 and consists of about 320
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physlcists ffom U.S. universities and national laboratories, 90 physicists
from KEK and Japanese univérsities, and 90 physicists from Bulgaria,
Czechoslovakia, Italy, the Soviet Union, and the United Kingdom. The
University of‘Maryland was one of the founding institutions of the collabora-
tion,

The solenoidél detector contains powerful calorimetry, tracking, and
muon détection. The solenoid and lts assoclated tracking system provide alli‘

important redundancy through measurements of charged particles and monitoring

"of the performance of the other détecting elements. Since the interactions
of interest will represent an extremely small fraction of all 1hteractions,

‘this redundancy will play a vital role in establishing the credibility of any

new observations. The detector will 1dentify and méasure electrons, ‘muons,
and particle jets with transverse momenta above a few GéV/c over a pseudo-
rapidity range |n| <‘3ﬁ To allow determination of missing transverse energy,
calorimetry will'ﬁe extended to‘pseudorapidities of about: 5.

while the basic design concept of the detector is determined, a number
of technologies are being considered for the individual components for
caloriﬁetry as well as tracking. Liguid Argon is one of the technologies
under qonsideration for calorimetry, and the Maryland involvement in the LAR
Subsyétem investigation will help determine the viability of this technology
for the calorimeter of choice.

The Maryland group’'s major involvement in the SDC is in the forward
muon detection. We are responsible for prepariﬁg the layout and design of
the forward muon system (1.6 < |n! < 2.5 to 3.0). We will also be involved
in the design, construction and testing of the forward muon detector and
trigger elements. At present, the detector of choice is a multi-cell drift

chamber (closed geometry) operated in the proportional mode. But we will
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have io consider open géometry (Jét chamber‘type) designs, as well. This
work will be done by S. Kunori, N. Hadley and A. Skuja with assistarce from
F. Desrdsler and his.cé~workers (Univ. of\Maryland design engineers).
Because of our éxpefience with streamer‘tubé type detectors at OPAL, én
alternat1v§ technology to the proportional mode drift cﬁamber is a drift

chamber operated in the streamer mode. Very good resolutions have been

obtalned with such devices (better than 200 microns per cell), but their

multi-hit capabilities may not be adequate for SSC requirements. This
1nvestigatioh will be spear-headed by G. Zorn and A. Ball.

The Maryland group is also involved in specifying and designing the

 eventual computing system to be Qsed by the SDC. Since the SDC involves

an increase of almost an order of magnitude in both number of collaborators
and event size over exlsting experiments, it is clear that preseﬁt paradigms
in computing for high energy physics have tu be reconsidered. A. Baden is
the U. S. university‘representative on the SDC technical board. and 1s

charged (along with representatives from U. S, laboratories - L. Price, -

and from Japan - K. Amcko) with formulating a model for computing which en-

compasses both Offline and Online/DAQ. J. Goodman will be working with A.
Baden on the committee. bne example of the types of computing models con-
sists of 3 layered systems, starting with a major computing center at the SSC
Laboratory, followed by somewhat smaller (although still significant)
satellite ceﬁters scattered throughout the U.S. with one in Europe and one in
Japan, with heavy reliance on ﬁoweffﬁl workstations on the physicists’ desk.
Such a system warrants serlous network consliderations, and would employ as
much as possible state-of-the-art computer science (e.g. object oriented
programming, client/server software, computer aided software engineering,

etc.)
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The Maryland group sees the SD Collaborétion at the SSC as its next
ma jor experimental program. The SSC program committee has reacted favorably
to the SDC Letter of Interest and we are helping prepare the groundwork for

a successful continuation of the experimental program.
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K1. HEP Computer Developments (D. Fong).

Phase II of the HEP Computer Upgrade has been completed as planned.

(1) The VAX11/780 computer has been replacedvby a VAX 6000 model 210. This
improves the CPU power by a factor of 3. Its thernet Interface has a
throughput twice as great. This greatly limproves the response time on the
VAXcluster. Most of the peripherals have been reconnected, and all the
functionalities are kept the same. An HSC device server is now used to
handle the VAXcluster disks and tapes. The total cluster disk storage has
been increased by 2.5 Gbytes to ~ 8 . Gbytes.

(ii) Four additional VAXstation 3100's were installed as satellites in the
cluster. A VAXstation II was replaced by another VAXstation 3100-38 which
is more than three times as powerful.

(1ii) Two VAXstation 3100’'s were purchased and sent to CERN to join the OPAL
VAXcluster there. They are for the exclusive use of University of Maryland
personnel.

(iv} Three exabyte tape drives and three Wren disks have been installed on
three VAXstation 3200's as local devices. The exabyte units allow us to
transfer large volumes of data from CERN and Fermilab.

(v) The communication tools using a local line to Fermilab with DECNET
allowed us to copy samples of OPAL data from CERN to Maryland. At the
start of LEP running in the Fall of 1989, we were actively involved in the
scanning for mu-pair and tau-pair events, using the full set of OPAL pro-
srams and utilities, at Maryland. Results were reported back to CERN and
helped to establish more automatic scanning criteria as the sample size in-
creased. More recently programs were written to search for a number of

different rare decay modes of the 2° and these search programs were run on

-108-



l

[

subsamples of the OPAL hadronic data that had been transported to Maryland

clectronically.
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K2. Electronics Support Group. (R. Bard)

This year our major effort has been to finish the OPAL trigger system

‘and also to continue to completu other cable assemblies and small circuits

for OPAL. To accomplish this task, John Colmer and I have kept Laura
Shaffer, Cala Qing,, and Xiao Li working full time‘on electronics assembly.

The Trig comp cards were designed, prototyped, built and tested this
year for use in the OPAL trigger system. These cards each take six CIA but—
puts and compare them to three computer selected energy thresholds. The out-
puts df the Trig comp card go to a theta match card which then feeds the OPAL
theta_phi matrix.

The Trig comp cards also feed an OR fan out which in turn feeds into an
EOR circuit which can supply a fast trigger signal under programmable con-

ditions.

The 18 Trig comp card circuits, six theta phi match circuits, one OR fan-

out and three EOR circuits, two commuter drive boxes (trig comp drivers),
their respective enclosures and spares, were all completed this year. Also,

in order to test these complex devices speciél testers had to be designed

and built. As usual, this system construction required a great effort to keep

parts and construction flowing smoothly. The fine tuning of the trigger
system will require some experimentation at OPAL before an optimum matrix of
signals will be selected.

As in any experiment, OPAL required some lower level of support to keep
existing apparatus functioning, or incrementally improving it. To that end
various cables were bullt, one of a kind curcuits developed, and devices
selected and procured. For example, OPAl. needed a barometric pressure

transducer which normallywould cost #1,000 dollars and require four months

-110-



- ==

to fabricate, but we found a similar device used for automobiles in stock for
#$150!
This year we have also started a large effort for D¢.  This effort has

kept our production facility going at full steam and will continue to do so

into next year.

D¢ requires the construction of a large system of High Volt#ge dis-
tribution boxes. The patch panels alone will require the construction of
many thousand high voltage patch cords! This system has required a
coordinated effort with the Mechanical Shop as well as a myriad of mechanical
constructions all of which has been handled by Wyatt Miller.

We have had to dévelop high voltage pico ammeters and other special
apparatus to enable us to test our HV distribution boxes to D¢ specifications.
Some of these distribﬁtion boxes haQe active circuitry to monitor the
current at high voltage. To this end we designed and prototyped a 16 channel

High Voltagé current monitoring board bf which two can be used in a HV dis-
tribution box. We have also had to design and build a computer driver read-
out svstem for thé "active current monitoring High voltage distribution boxes"
(ACMOB). A PC based system has been developed for the design and testing of
the ACMOB.

In other areas, some effort has been made this year in connection with
the new phone system. As usual, there has been our continued low level

support of the VAX system.
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K3. Summer Course on Hadron Spectroscopy (D. C. Peaslee, Guest at U, of Md.)

The thifd Hadron Spectroscopy Coﬁrse; organized by Dr. Peaslee, was held
at the‘UMCP Physics Department from August 6th through August 10tﬁ. Excéllenf
lectures wére bresented déily by the three guest lecturers: Prof. F. Binon
of the Free Univ. of Brussels on "Neutral Particles from Multigamma Decay",
Prof. O. D. Dalkarov, of the Lebedev Physical Institﬁte on "Hadron Spectra
frqﬁ Low Energy Ep and Bd Iﬁteractions" and by Dr. Daniel M. Coffman of
Cornell Univ. on "Heavy Quark Spectroscopy". ‘The experihental results from
GAMS,‘LEAR, Mark III and CLEO énd many_other‘programs were discussed together
with a great deal of discussion of phenomenology and considerable amounts of

theory. It was a good week.
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STRENGTH, W. Bartel, et al., (JADE Collaboration), Contributed Paper

to Hamburg Conference (1987 ).

MACROSCOPIC QUANTUM MECHANICAL CONTRIBUTIONS TO RADIATIVE POLARIZATIONS
IN ELECTRON STORAGE RINGS, L. N. Hand and A. Skuja, Phys. Rev. Letters
59, 1910 (1987).

NEW LEPTONS AND QUARKS, P. Igo-Kemenes, et al., p. 251-311, in Proc.

of ECFA-Workshop on LEP 200 (June, 1987), edited by A. Bohm and

W. Hoogland.

ROPE FOR HADRON CALORIMETER, C. Y. Cihang, (June, 1987) OPAL Memo.

A STUDY OF THE FINAL STATE K°SKtn$ PRODUCED BY PHOTON-PHOTON

COLLISIONS OBSERVED IN THE JADE DETECTOR, P. Hill, et al., (JADE
Collaboraticn), presented at European Physical Society Meeting in
Uppsala, Sweden (1987).

VECTORIZATION OF GOPAL ON THE CRAY X-MP/48, A. Buijs (May, 1987) OPAL

Memo.
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91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

STRUCTURE FUNCTIONS FROM NEUTRINO-DEUTERIUM DEEP INELASTIC SCATTERING,

!
i

J. B. Cole, Ph.D. Thesis (1987).

RESULTS FROM THE TESTING OF LIMITED STREAMER TUBES FOR THE OPAL HADRbN
CALORIMETER, F. Fabbri, et al., (Bologna, Maryland, CERN) CERN/EP87-134.
TENSOR MESON EXCITATION IN THE REACTION 77-KcKg, Ch. Berger, et al.,
(PLUTO Collaboration), Zeit. f. Phys. C37, 329 (1988).
THE NbN-SINGLET VALENCE QUARK DISTRIBUTION FROM NEUTRINO-DEUTERIUM
DEEP INELALSTIC SCATTERING;,J. Cole, et al., Phys.‘Rev. ng,yllos
(1988). | |
MONTE CARLO SIMULATION OF A GAS-SAMPLED HADRON CALORIMETER, C. Y.
Chang, et al., Nucl. Instruments and Methods A264, 194 (1988).
B°B° MIXING AT THE Y(4S), R. Fulton, et al., (CLEO Collaboration),
Presented at the Int. HEP Conference, Munich, August, 1988.
DIRECT OBSERVATION OF THE DECAY B -» Ac +X, M. S. Alam, et al., (CLEO
Collaboration), Submitted to Int. HEP Cdnferencé, Munich, August, 1988.
A STUDY OF INCLUSIVE AND EXCLUSIVE DECAYS OF B MESONS TO Ds MESONS, A.
Jawahery.‘et al., (CLEO Collaboration), Presented at Int. HEP
Conference, Munich, August, 1988.
THE DECAY OF B MESONS 10 ¢, C. Bebek, et al., (CLEO Collaboration),
Submitted to Int. HEP Conference, Munich, August, 1988.
LIMITS ON RARE EXCLUSIVE DECAYS OF B MESONS, P. Baringer, et al.,
(CLEO Collaboration), Submitted tc Int. HEP Conference, Munich,
August, 1988,
INCLUSIVE AND EXCLUSIVE DECAYS OF B MESONS TO D’+ MESONS, R. Poling,
et al., (CLEO Collaboration), Submitted to Int. HEP Conference,
Munich, August, 1988.

* -
STUDY OF D ' ALIGNMENT IN CONTINUUM e+e ANNIHILATION, D. Bortoletto,
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103.

104.

105.

106.

107.

108.

109.

110.

111.

et al., (CLEO Collaboration), Submitted to Int. HEP Conference,
Munich, August, 1988.

STUDY OF n'n” TRANSITIONS FROM THE T(3S) AND A SEARCH FOR THE h, I. C,

' Brock, et al., (CLEO Collaboration), Submitted to Int. HEP Conference,

Munich, August, 1988.

INVESTIGATION OF THE CHARMLESS DECAYS B° » n*17% AND B™ » p°177,

T. Bowcock, et al., (CLEO Collaboration), Submitted to Int. HEP
Conference, Munich, August, 1988.

SEARCH FOR SIGNALS FROM CYGNUS X-3 AT ENERGIES ABOVE 50 TeV, B. L.
Dingus,‘et al., Phys. Rev. Letters 60, 1785 (1988).

ULTRA HIGH ENERGY PULSED EMISSION FROM HERCULES X-1 WITH ANOMALOUS AIR
SHOWER MUON PRODUCTION, B. L. Dingus, et al., Phys. Rev. Lett. 61,
1906 (1988).

CONSTRUCTION OF LIMITED STREAMER TUB:S FOR THE OPAL HADRON CALORIMETER,
G. Artusi, et al., NIM A279, 523 (1988).

COMPARISON OF THE PARTICLE FLOW IN ggy AND qqg EVENTS FRbM ete”
ANNIHILATIONS AT PETRA, F. Ould Saada, et al., (JADE Collaboration),
Zeit. f. Phys. (39, 1 (1988).

IDENTIFICATION OF HEAVY STABLE PARTICLES WITH L3 + 1, C. Y. Chang,
D. G. Fong, Proceedings of the Workshop on Experimental Detectors
and Experimental Areas for the Supercollider, July’1987. 598-603,
World Scientific (1988).

SEARCH FOR THE DECAY K' » n'u’e”, N. J. Hadley, et al., Phys. Rev.
Lett. 61, 2062 (1988).

CHARM PRODUCTION CROSS SECTION AND FRAGMENTATION FUNCTICN,

D. Bortoletto, et al., (CLEO Collaboration), Phys. Rev. D37, 1719

(1988).
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112. UPPER‘LIMITS ON CHARM-CHANGING NEUTRAL-CURRENT DECAYS, P. Héaé, et al.,
(CLEO Collaboration), Phys. Rev. Lett. QQ; i614 {1988).

113. MEASUREMENTS OF NEUTRINO ELECTRON SCATTERING AND INVERSE BETA-DECAY
OF CARBON USING NEUTRINOS FROM STOPPED MUON DECAY, Ph.D. Theslis,
D. Krakauer (1988).

114. OBSERVATION OF THE CHARMED STRANGE BAhYON EE, P. Avery, et al.,
(CLEO Collaboration), Phys. Rev. Lett. 62, 863 (1989).

115. SEARCH FOR CHARMLESS B DECAYS B - ppn AND ppmm, C. Bebek, et al.,
(CLEO Collaboration), Phys. Rev. Lett. 62, 8 (1989).

116. OBSERVAiION OF SPIN 1 RESONANCE IN THE FINAL STATE KKn PRbﬁUCED IN
TAGGED TWO—PHOTON COLLISIONS, P. Hilli et al., (JADE Collaboration),
2. Pﬁys. C. - Particles and Fields:gg, 355 (1989).

117. THE USE OF QUANTUM ELECTRODYNAMICS TO CALCULATE RADiATIVE EFFECTS IN
ELECTRON STORAGE RINGS, L. N. Haﬁd ahd A. Skuja, DESY 88-175 (1988).

118. = A MEASUREMENT OF THE CHARMED QUARK ASYMMETRY IN e+e— ANNIHILATION,
F. Ould-Saada, et al., (JADE Collaboration), 2. Phys. C44, 567‘(1989).

119. THE QED CALCULATION OF SPIN ORBIT COUPLING RESONANCES IN ELECTRON
STORAGE RINGS, L. N. Hand and A. Skuja, Phys. Lett. A139, 291 (1989).

120. A STUDY OF SOME PHYSICS ASPECTS OF A MICRO-VERTEX DETECTOR IN OPAL,
A. Jawahery, May 1989 (OPAL MEMO).

121.- SEARCH FOR A NEUTRAL HIGGS BOSON IN B-MESON DECAY, M. S. Alam et al.,
(CLEO Collaboration), Phys. Rev. D40, 712 (1989).

122. A SEARCH FOR b -+ u TRANSITIONS IN EXCLUSIVE HADRONIC B MESON DECAYS,
D. Bortoletto, et al., (CLEC Collaboration), Phys. Rev. Lett. 62, 2436
(1989). |

123. B°B° MIXING AT THE ¥(4S), M. Artuso, et al., (CLEO Collaboration};

Phys. Rev. Lett. 62, 2233 (1989).
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"125.
126.
127;
128.
129,

130.
131.
132.

133.

134.

135.

SEARCH FOR THE PRODUCTION OF FRACTIONALLY CHARGED PARTICLES IN ete”

ANNIHILATION AT V; = 195 GeV, T. Bowcock, et al.;‘(CLEO Collaboration),
Phys. Rev. D40, 263 (1989) (RC). |

RADIATIVE ¥(1S) DECAYS, R. Fulton, et al., (CLEO Collabqration), to be
published in Phyéics’Letters. |

MEASUEEMENT OF,DS DECAY MODES, W. Y. Chen, et al., (CLEO Collaboration),
to be published in Physics Letters.

MEASUREMENT OF THE ISOSPIN MASS SPLITTING EE - EE. M. S. Alam, et al.,
(CLEO‘Collabcratioh)r submitted to Phys. Rev. D. |

STUDY OF THE DECAY B’ - D'*175, D. Bortoletto, et al., (CLEO Collabora-
tion), submittéd to Phys. Rev. Letters.

A SEARCH FOR EXCLUSIVE PENGUIN DECAYS OF B MESONS, P. Avery, et al.,

(CLEO Collaboration), Phys. Lett. B223, 470 (1989).

- MEASUREMENT OF THE MUONIC BRANCHING FRACTIONS OF THE ¥(1S) AND y(3S),

W. Y. Chen, et al., (CLEO Collaboration), Phys. Rev.'ggg, 3528 (1989).
MONTE CARLO SIMULATION OF THE ENERGY MEASUREMENT OF THE‘OCTANT SHOWER
COUNTERS, C. H. Park, CLEO Memo, June, 1989.

THE NEW EFFICIENCY FOR MORCUT HADRONIC EVENT SELECTION, C. H. Park,
CLEC memo, June 1989."

ON SEMI LEPTONIC BRANCHING RATIOS OF B° AND B~ MESONS AND BB MIXING,
J. Alexander, et al., (CLEO Collaboration), submitted to SLAC Int.
Conf. on Electroweak Interactions, August, 1989.

EXCLUSIVE SEMILEPTONIC DECAYS Cf B MESONS INTO D MESONS,  J. Alexander,
et al., (CLEO Collaboration), submnitted to SLAC Int. Conf. on
Electroweak Interactions, August 1989.

MEASUREMENT OF THE 2° MASS AND WIDTH WITH THE OPAL DETECTOR AT LEP,

(OPAL Collaboration), Phys. Lett. 231B, 530 (1989).

P
to
€3]



[

T

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

A ‘MEASUREMENT OF THE CHARMED QUARK ASYMMETRY IN ete ANNIHILATION,

W. Bartel, et al., (JADE Collaboration), 2. Phys. C44, 567 (1989).

HADRON AND ELECTRON RESPONSE OF URANIUM/LIQUID ARGON CALORIMETER
MODULES FOR‘THE DO DETECTOR, M. Abolins, et al, (DO Calorimeter

Group), Nucl. Instr. and Methods, A280, 36 (1989).

SIUDY OF FAST GASES RESOLUTION AND CONTAMINANTS WITH D¢ MUON SYSTEM,
J. M. Butler, et al., (E740 Collaboration), Fermilab Publication
89/222E.

A STUDY OF PHOTON PRODUCTION IN HADRONIC EVENTS FROM ete” ANNIHILA-
TION, D. D. Pitzl, et al., (JADE Collaboration), Z. Phys. C. 46, 1
(1990).

FINAL RESULTS ON MU AND TAU PAIR PRODUCTION BY THE jADE COLLABORATION
Af PETRA,‘W. Bartel, et al., (JADE Collaboratioh), DESY Preprint
89-178. |

P-WAVE CHARMED MESONS IN e'e” ANNIHILATION, T. Bowcock, et al., (CLEO
Collaboratioﬁ), Phys. Rev. D41, 774 (1990).

SEARCH FOR‘THE PROCESS T » D* + X, P. Avery, et al., (CLEO Collabor-
ation), SLAC Int. Conf. on Electroweak Intractions, August, 1989,
STUDY OF RARE D° DECAYS, P. Avery, et al., (CLEO Collaboration),

ibid.

SEARCH FOR NEUTRINOLESS DECAYS OF THE T LEPTON, T. Bowcock, et al.,

(CLEO Collaboration), Phys. Rev. D41, 805 (1990).

NEUTRAL PION AND ETA PRODUCTION IN DEEP INELASTIC MUON SCATTERING AT

480 GeV, Eric Ramberg, Ph.D. Thesis (1989)

‘ — -
STUDY OF THE DECAY B°® » D +l v, D. Bortoletto, et al., (CLEO Collabora-

tion), Phys. Rev. Lett. 63, 1667 (1989).
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152,
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154,

155.

156.
157.

158.

' MEASUREMENT OF THE DECAY OF THE 2° INTO LEPTON PAIRS, (OPAL Collabora-

tion), Phys. Lett. 235, 379 (1990).

A STUDY OF JET PRODUCTION RATES AND A TEST OF QCD ON THE z° RESONANCE,

(OPAL Collaboration), Phys. Lett. B23S, 389 (1990).

A SEARCH FOR THE TOP AND b’ QUARK IN HADRONIC Z° DECAYS (OPAL Collabora-
tion), Phys. Lett. B236, 364 (1990). |

MASS LIMITS FOR A STANDARD MODEL HIGGS BOSON IN e'e” COLLISIONS AT

LEP, (OPAL Collaboration), Phys. Lett.,gggg,.zz4 (1990).

A SEARCH FOR ACOPLANAR PAIRS OF LEPTONS OR JETS IN 2° DECAYS, MASS

LIMITS ON SUPERSYMMETRIC PARTICLES, Phys. Lett. B240, 261 (1990).

. A DIRECT SEARCH FOR NEW CHARGED' HEAVY LEPTONS AT LEP, (OPAL Collabora-

tion), Phys. Lett. B240, 250 (1990).

A COMBINED ANALYSIS OF THE HADRONIC AND LEPTONIC DECAYS OF THE Z°,

(OPAL Collaboration), Phys. Lett. B240, 497 (1990).

IMPROVED LIMIT ON THE BRANCHING RATIO OF K' » m'u e”, A. M. Lee,

N. J. Hadley, et al., Phys. Rev. Lett. 64, 165 (1990).

MEASUREMENT OF INTERFERENCE BETWEEN W AND Z EXCHANGE IN ELECTRON-
NEUTRINO ELECTRON SCATTERING, R. L; Talaga, et al., Phys. Rev. Lett.
64, 1330 (1990).

EXPERIMENTAL LIMIT ON SMALL VIOLATION OF THE PAULI PRINCIPLE, E. Ramberg

and G. A. Snow, Physics Letters 238, 438 (1990).
12

MEASUREMENT OF THE EXCLUSIVE CROSS-SECTION C(ve, e_)lzN(gs). D. A,
Krakauer and R. L. Talaga, Phys. Rev. Lettll. 64, 1871 (1990).
A MEASUREMENT OF THE WEAK AXIAL COUPLINGS OF THE b- AND c-QUARK,

E. Elsen, et al., (JADE Collaboration), 2. Phys. C46, 349 (1990).
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160.
161.

162.

163.
164.

‘165.

166.

167.

168.

169.

LIMIT ON POSSIBLE ENERGY-DEPENDENT VELOCITIES FOR MASSLESS PARTICLES,

T. D. Haines, et al., Phys. Rev. D41, 692 (1990).

A STUDY OF THE REACTION e'e” - 77 AT LEP, M. Z. Akrawy, (OPAL Collabora-

tion), Phys. Lett. B241, 133 (1990).

A‘SEAﬁCH FOR TECHNIPIONS AND CHARGED HIGGS BOSONS AT LEP, (OPAL

Collaboration), Phys, Lett. B242, 299 (1990).

A MEASUREMENT OF GLOBAL EVENT SHAPE DISTRIBUTIONS IN THE HADRONIC
DECAYS OF THE z°, (OPAL Collaboration), submitted to Zeit. Phys. C.
(1990). | | |

SEARCH FOR EXCITED LEPTONS AT LEP, (OPAL Collaboration), submitted to
Phys. Lett. B (1990). ‘

EVIDENCE FOR FINAL STATE PHOTONS IN MULTIHADRONIC DECAYS OF THE ZQ,
(OPAL Collaboration), submitted to Phys. Lett. B (1990).

LIMITS ON NEUTRAL HEAVY LEPTON PRODUCTION FROM 20 DECAY, (OPAL

Collaboration), submitted to Phys. Lett. B (1990).

A MEASUREMENT OF THE CHARMED QUARK ASYMMETRY IN e+ef ANNIHILATION,
iJADE Collaboration), Z. Phys. C44, 567 (1989).

NUCLEAR DEPENDENCE IN DEEP INELASTIC MUON-NUCLEON SCATTERING AT 490
GeV/c, (E665 Collaboration), Abstract submitted to the X1{ Inter-
national Conference on Particles and Nuclel (PANC '90), June, 1990.
CROSS SECTION RATIO AT LOW Q2 FROM DEEP INELASTIC MUON SCATTERING,
(E665 Collaboration), Abstract submitted to Wasnington, D.C. APS
Meeting, April, 1950.

CROSS-SECTION RATIO AT HIGH Qz DEEP-INELASTIC MUON SCATTERING,

S. Ald, et al., (E665 Collaboration), Abstract submitted to Washington

D. C. APS Meeting, April, 1990.
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170.‘ Xe/D2 CROSS~SECTION RATIO‘AT XSS FROM‘MUON SCATTERING AT 490 GeV/c,

S. R. Magill, et al., (E665 Collaboration), Abstract submitted to
Washington, D. C. APS Meeting, April, 1990,

171, THE FNAL E665S EXPERiMENT - DEEP INELASTIC MUON SCATTERING FRCM

NUCLEONS AND NUCLEI, Donald Geesman, et al.;‘(E665 Collaboration),
Abstréct submitted to Washington, D. C. APS Meeting, April,‘199d.

172. TRANSVERSE MOMENTUM OF CHARGED HADRONS PRODUCED IN DEEP INELASTIC
MUON SCATTERING, Dougas M. Jansen, et ai., (E665 Collaboration),
Abstract submitted to WaShlngtqn, D. C. APS Meeting, April, 1990.

173. TRANSVERSE MOMENTUM AND ENERGY FLOW FOR CHARGED HADRONS ‘AND PHOTONS IN
DEEP INELASTIC MﬂON SCATTERING, Douglas Michael, et al., (é665 |
Collaboration), Abstract submitted to Washington, D. C. APS Meeting,
April, 1990.

174, FORWARD HADRON PRODUCTION IN DEEP INELASTIC MUON NUCLEUS SCATTERING
AT 490 GeV/c, A. Salvarani, et al., (E665 Collaboration), Abstract
submitted to Washington, D. C. APS Meeting, April, 1990,

175. CHARGED HADRON MULTIPLICITIES IN DEEP INELASTIC MUON-HYDROGEN AND
MUON-DEUTERIUM SCATTERING, Stephen 0O’Day, et al., (E665 Collaboration),
Abstract submitted tc Washington, D. C. APS Meeting, April, 1990.

176. EXCLUSIVE AND INCLUSIVE DECAYS OF B MESONS INTO Ds MESONS, D.
Bortoletto, et al., (CLEQ Collaboration), Phys. Rev. Lett. 64, 2117
(1990). |

177. OBSERVATION OF B-MESON SEMILEPTONIC DECAYS TO NONCHARMED FINAL STATES,
R. Fulton, et al., (CLEO Collaboration), Phys. Rev. Lett. 64, 16 (1990).

178. SEARCH FOR THE TOP QUARK IN THE REACTION pp - Electron + Jets at's = 1.8
TeV", F. Abe, A. R. Baden, et al., (CDF Collaboration), Phys. Rev.

Lett. 64, 142 (1990).

~-129-



179,

180.

181,

182.

183.

184.

1865.

186.

187.

188,

189.

190,

STUDY OF CYGNUS X-3 AT ULTRAHIGH ENERGIES DURING THE 1989 RADIO
OUTBURSTS, D. E. Alexandres, et al., fhys.‘Rev. Lett. 64, 2973 (1990).
LIMITS ON THE NEUTRINO MAGNETIC MOMENT‘#ROM A MEASUREMENT OF

NEUTRINO ELECTRON ELASTIC SCATTERING, D. A. Krakauer, et al.,
Submitted to Physics Letters B. |

E665 APPARATUS TO STUDY DEEP INELASTIC MUON INTERACTIONS", M. Adams,

et al., N.I.M. A291, 533-551 (1990).

MEASUREMENT OF RESONANCE PRODUCTION IN THE REACTION ¥y - n’n’ AND

Y > n°n, T. Qest, et al., (JADE Collaboration), DESY 90-025.
SEARCHES FOR HIGGS BOSONS 1IN e+ef COLLISIONS AT LEP, {(The OPAL

Collaboration), Submitted to Zeits. fur Phys. C (1990).

| A STUDY OF COHERENCE OF SOFT GLUONS IN HADRON JETS, (The OPAL

Collaboration), Submitted to Phys. Lett. B (1990).

A STUDY OF ANGULAR CORRELATIONS IN 4-JET FINAL STATES OF HADRONIC

z° DECAYS, (The OPAL Collaboration), Submitted to Zeit. fur Phys. C.
(1990).

SEARCHES FOR: NEUTRAL HIGGS BOSONS IN e+e_ COLLISICNS AT LEP, (OPAL
Collaboration), Submitted to Zeit. Phys. C. (1990).

A DIRECT SEARCH FOR NEUTRALINO PRODUCTION AT LEP, (OPAL Collaboration),
Submitted to Phys. Lett.lB (19%0).

ANALYSIS OF Z2° COUPLINGS TO CHARGED LEPTONS, (OPAL Collaboration),

Submitted to Phys. Lett. B (1990).

OBSERVATION OF T(4S) DECAYS INTO NON BB FINAL STATES CONTAINING
¢ MESONS, J. Alexander, et al., (CLEO Collaboration), Phys. Rev.
Lett. 64, 2226 (1990).

LIMITS ON A LIGHT HIGGS BOSON IN e+e— COLLISIONS AT LEP, (OPAL
Collaboration), Submitted to Phys. Lett. B (1990).
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II. BUDGET REPORT
This report describes the monies sﬁent or bbligated in the current
contract period March 1, 1990 to February 28,‘19§1. The saléry items listed
~below are obligated through 2/28/91,‘the operating and capital expenses
listed are expended through 5/31/90 and obligated through 8/2/90.

A. DOE CONTRIBUTION SUBJECT TO UNIVERSITY QVERHEAD

ON CAMPUS OFF CAMPUS COMBINED
1. Salafy Items

a) Faculty 111, 645 230,686* 342,331

b) Grad. Res. Asst. 31,514 74,039 ‘ 105, 553

¢) Secretarial ' 31,031 0 31,031

-d) Supporting Staff‘ 61,751 19.042 80, 793

e) Beneflts 68,623 64,082 = 127,705

| 299, 564 387,849 687,413

* ' .
Includes estimated salary supplement related to low $/S.F.

a) Expendable Supp 8, 880 1,779 10, 659

b) Comp.Sup. /Serv. 3, 426 0 3, 426

c) Travel 54,314 9, 462 : 63,776

d) Communications 5,677 0 5,677

e) Publications . 1,323 0 1,323

73, 620 11,241 | 84,861

2. Total Direct .Costs 373,184 399, 090 772,274

3. Indirect Costs (25% 171, 665 99,773 ‘ 271, 438
Off Campus, 46% On

Campus)
TOTAL PART A 544, 849 498, 863 1,043,712
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B. DOE CONTRIBUTION FOR CAPITAL EQUIPMENT CONSTRUCTION AND ACQUISITION

4. OPAL Equipment

Acquisition ‘ 180,000
5. CERN Suboontract 75,726
6. Other Equipment 100, 579
TOTAL PART B R ‘ 356, 305

TOTAL DOE (PARTS A AND B) , 1,400, 017

It will be extremely difficult if not impossible to bomplete this contract
‘period with the operating money remaining; namely, $82,983.

C. UNIVERSITY OF MARYLAND CONTRIBUTION

1) Salaries of Senior Faculty 161, 432
2) Fringe Benefits | 39,551
3) Indirect Costs 89, 962
4) Misc. Costs | 10, 000

5) Univ. of Md. contribution to HEP Computér 70, 000

) TOTAL PART C 370, 945
] PART A 1,043, 712
PART B 356, 305

- TOTAL DOE CONTRIBUTION 1, 400,017
UNIV. OF MD. CONTRIBUTION 370, 945

TOTAL PROJECT COST ‘ 1,770, 962

f See applicable time period explained above.
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III. INCIDENT REPORT

No incidents of the types described in Items 1, 2, 3 and 4 of Attachment

A have occurred during this contract period,
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