
The largest component of the High Momentum 
Spectrometer in CEBAF's Experimental Hall C 
is a 450-ton superconducting dipole magnet. 

the High Momentum Spectrometer 
(HMS), a three-quadrupole plus 
dipole (QQQD) design using super
conducting magnetic elements, and 
the Short Orbit Spectrometer (SOS), 
a ODD design (similar to the Medium 
Resolution Spectrometer at LAMPF) 
using resistive elements and oppo
site bends in the two dipoles. The 
450-ton HMS dipole was recently 
mounted on the spectrometer car
riage and tested to full current (2.0 
tesla), with field mapping imminent. 
The first of the superconducting 
quadrupoles was shipped in October. 
The detector elements - drift cham
bers, scintillators, gas Cherenkov 
counters, and lead glass shower 
counters - will be mounted in a 
massive concrete and lead shield 
house. 

The SOS dipoles are planned to be 
mapped and mounted on their 
carriage shortly. 

Currently approved for Hall C, with 
307 days of beam time awarded, are 

15 experiments in areas including the 
neutron electric form factor, colour 
transparency, deuteron photo-
disintegration, and hypernuclear 
production. 

DESY 
ARGUS bows out 

Last year the ARGUS experiment at 
DESY's DORIS electron-positron 
storage ring stopped taking data after 
ten years of fruitful physics. Analysis 
and new results will continue for 
some time, but members of the group 
are already looking to new physics 
horizons. 

The ARGUS collaboration was 
formed in 1978 by groups from 
DESY, Dortmund, Heidelberg (IHEP), 
Lund, Moscow (ITEP), and South 
Carolina under the leadership of 

Walter Schmidt-Parzefall. Later 
groups joined from IPP Canada, 
Kansas, Ljubljana, Karlsruhe, 
Erlangen/Nurnberg, Heidelberg (MPI) 
and Dresden. 

The detector was conceived to 
investigate the physics of the beauty 
and charm quarks and the tau lepton 
at the upgraded DORIS II electron-
positron storage ring. 

With a similar programme started 
by the CLEO collaboration at 
Cornell's CESR electron-positron 
collider, the resulting competition 
ensured good physics. 

ARGUS rolled into the beam in 
October 1982 and took data until 
October 1992. In May 1993 the 
decision was taken to stop further 
ARGUS running. During those ten 
years a broad spectrum of physics 
has been covered, including weak 
decays of beauty and charm quarks 
and tau leptons, hadron spectro
scopy, quark/gluon mechanisms, 
photon-photon interactions and 
particle searches. 

In particular, ARGUS has made 
valuable contributions to determina
tion of many fundamental constants 
of the Standard Model. These com
prise measurements of quark transi
tions (CKM matrix elements) in the 
decays of B mesons (containing the 
beauty quark), the determination of 
the properties of the tau lepton and 
its neutrino, as well as a measure
ment of the quark coupling constant. 
The charm study has resulted in first 
observations of many charmed 
hadrons and decay modes. The 
study of quark and gluon mecha
nisms (fragmentation) has yielded 
valuable input for future experiments, 
while the first observations of new 
final states in photon-photon interac
tions have created much interest. 

A total luminosity of 520 inverse 
picobarns has been collected at 
collision energies around 10 GeV. 
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The ARGUS experiment at DESY's DORIS 
electron-positron storage ring has stopped 
taking data after ten years of fruitful physics. 
The collaboration was formed in 1978 by 
groups from DESY, Dortmund, Heidelberg 
(IHEP), Lund, Moscow (ITEP), and South 
Carolina under the leadership of Walter 
Schmidt-Parzefall. Later groups joined from 
IPP Canada, Kansas, Ljubljana, Karlsruhe, 
Erlangen/Nurnberg, Heidelberg (MPI) and 
Dresden. 

This data has yielded 208,000 B 
meson pairs, 500,000 tau lepton 
pairs, 600,000 charmonium events, 
400,000 ground state upsilon decays 
and 130,000 excited (2S) upsilon 
decays, as well as continuum proc
esses. 

The first successful B meson 
reconstruction came in 1986 by 
ARGUS. Since then many exclusive 
as well as inclusive B meson decays 
have been observed for the first time 
by ARGUS. These results along with 
studies of other B meson properties, 
like the ratio of lifetimes of charged 
and neutral particles, have contrib
uted significantly to our understand
ing of the interplay of strong and 
weak interactions in decays of heavy 
quarks. 

The study of complete (exclusive) 
semileptonic B decays was pio
neered by ARGUS with the observa
tion of the neutrino decay of the 
neutral B in 1987. The method 
developed to handle the reconstruc
tion of this decay with its unobserved 
neutrino opened up the Lorentz 
structure of the weak decay current 
of beauty to charm. 

Only those models equivalent to 
Heavy Quark Effective Theory 
(HQET - where light quark masses 
become negligible) give a satisfac
tory description of the decay. The 
kinematics of this decay provided a 
model-independent determination of 
of important quark transition param
eters. 

Beauty to up quark transitions were 
measured simultaneously by ARGUS 
and CLEO in 1989. This measure
ment opened up another sector of 
the CKM quark transition matrix. In 
these transitions the leptons accom
panying quark transitions can have 
larger momenta than those from 
beauty-charm transitions. The evi
dence for beauty-up transitions was 
strengthened through the complete 
reconstruction of several B decays. 

The most important ARGUS result 
is the observation of neutral B oscilla
tions in 1987. In this process, the 
neutral B and its antiparticle, two 
separate particles from a strong 
interaction viewpoint, get inter
changed in weak interactions, as also 
happens with neutral kaons. This 
mixing was observed by completely 

reconstructing an upsilon(4S) decay 
which contained two neutral Bs both 
decaying into a charm meson plus 
leptons, and by detecting upsilon(4S) 
decays containing pairs of similarly 
charged leptons, which come from 
the same kind of neutral B mesons. 
In about 17% of the upsilon(4S) 
decays a neufral B meson and its 
antiparticle had exchanged roles. 

This measurement underlined the 
need for and gave new insight into 
the unseen sixth ('top') quark, whose 
mass must be more than 50 GeV, 
much heavier than hitherto believed. 

The large neutral B mixing rate 
encouraged projects for B factories, 
because the result implies that a 
measurement of CP violation in B 
decays is in reach, opening up new 
windows on the Standard Model. 

ARGUS was very active in charm 
particle spectroscopy. The first new 
charmed meson, the D**(2420), was 
found in 1985 and the first excited 
charmed baryon in 1993. Other 
charmed mesons and baryons were 
discovered by ARGUS in intervening 
years and precision measurements 
of the properties of various charmed 
hadrons have significantly enlarged 
our knowledge of charm spectro
scopy. 

ARGUS has investigated many 
weak decays of charmed hadrons, 
yielding more precise branching 
ratios and observations of new decay 
channels. An important contribution 
came in 1985 with the first observa
tion of the decay of a neutral D into a 
phi and a neutral kaon. 

In pure spectator models this decay 
is strongly suppressed, contrary to 
the measured branching ratio of 
about 1%, which still waits for a 
convincing explanation. 

ARGUS has used its large tau 
sample to determine basic properties 
of this heavy lepton and its neutrino 
as well as the space-time structure of 
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1987 - this complete ARGUS reconstruction of 
the decay of an upsilon (4S) particle into a pair 
of neutral B mesons showed how a neutral B 
meson can 'mix' with its own antiparticle. 

its decay. In 1992 the tau mass was 
determined by ARGUS (and by 
Beijing) to be about 8 MeV less than 
previously thought, tidying up some 
inconsistencies. 

ARGUS made the first measure
ments of parity violation in tau de
cays, showing for the first time that 
the tau neutrino is left-handed with 
spin 1/2 - as expected in the Stand
ard Model. 

From the measurement of the 
decay of a tau into its neutrino and 
five pions, ARGUS deduced that the 
mass of the tau neutrino is less than 
31 MeV, a result which has implica
tions for cosmology. Observations of 
new tau decays, detailed analysis of 
other processes and the determina
tion of the tau's weak parameters 
have contributed to our present 
understanding of the tau lepton. 

With upsilon decays sensitive to the 
strong coupling constant, ARGUS 
deduced its value at the ground state 
upsilon energy. This result, when 
compared with others from higher 
energies, reflects how the quark 

forpe depends on energy. Precision 
measurements of beauty quark-
antiquark states have contributed 
greatly to our knowledge of quark-
antiquark forces. 

ARGUS has published more than 
120 papers. Although the detector 
will run no more, its large and high 
quality data sample will continue to 
be a source of new and interesting 
results. 

HERA physics with 
internal targets 
The 6.3 kilometre HERA ring at the 
Hamburg DESY Laboratory was built 
primarily as an electron-proton 
collider, but with HERA's collider 
operation getting into full swing - the 
collision count collected by each of 
the two experiments (H1 and ZEUS) 
has already exceeded last year's 
figure tenfold! - other HERA physics 
options can be studied. 

An international workshop at DESY 
looked at the additional physics 
reach of HERA's unique 30 GeV 
electron and 820 GeV proton beams. 
Early arrivals on the scene are the 
recently approved HERMES experi
ment to precision measure the spin 
quark structure of nucleons, and a 
letter of intent to study CP violation in 
B mesons using an internal target in 
the HERA proton ring. 

Close to 200 participants spent 
three days (September 21-23) 
discussing HERMES physics poten
tial, including nuclear physics possi
bilities, the B-meson physics accessi
ble with an an internal target in the 

proton beam, and detector tech
niques for the hostile environment of 
a high rate fixed target experiment. 

Using HERA's polarized electron 
beam, HERMES aims to probe the 
origin of the spin of protons and 
neutrons. Extensive measurements 
in 1992 and 1993 have shown that 
self-polarization of the stored elec
trons (through the Sokolov-Ternov 
mechanism) leads to a stable and 
highly reproducible transverse 
polarization in HERA exceeding 60% 
(March 1992, page 18). The neces
sary longitudinal polarization will be 
achieved with the help of a pair of 
spin rotators to be installed and 
tested next year. 

The second key HERMES ingredi
ent is a polarized internal gas target 
using hydrogen, deuterium or helium 
3. Such targets have been success
fully developed by the collaboration. 
After workshop reviews by Emlyn 
Hughes and Robert L. Jaffe on the 
status of theoretical and experiments 
understanding of the origin of nu-
cleon spin, Michael Dueren con
cluded that the high target polariza
tion and the undiluted target atoms 
are major assets and will minimize 
systematic errors. 

To be installed in one of HERA's 
two vacant interaction regions, 
HERMES is scheduled to begin in 
1995, and by 1996/97 accumulated 
data from CERN, DESY and Stanfon 
(SLAC) should have resolved the 
nucleon spin structure. 

As well as making a precise meas
urement of the scattered electron, 
HERMES will also look hard at the 
final hadrons. This will provide 
important additional information, sucl 
as the relative contribution of the 
valence and sea quarks to the 
nucleon spin. 

Physics issues beyond the ap
proved HERMES programme, using 

CERN Courier, December 1993 1 



nucleons or nuclei as targets, were 
addressed in a large number of 
contributions and reviewed by 
Thomas Walcher and Dieter von 
Harrach. Prerequisites are HERMES' 
ability to analyse hadronic final 
states, and the ability to scatter 
polarized as well as unpolarized 
electrons on a range of nuclear 
targets with different polarization 
states. Probing the timescale of the 
inner quark processes (fragmenta
tion) through the measurement of 
nuclear dependence is just one 
example of many ideas which will be 
studied. 

On another physics front, the 
violation of CP symmetry (combined 
particle-antiparticle and left-right 
reversal) is one of the fundamental 
features of the Standard Model. So 
far CP violation has only been seen 
with kaons, and a full understanding 
of this mechanism, which plays a 
vital role in particle physics, requires 
detailed study of the effect in other 
quark systems. Neutral B-mesons 
provide such a possibility. 

The necessary high event rates 

require high luminosity electron-
positron colliders, or 'factories' (June, 
page 16). Hadron accelerators offer 
an alternative route, but with B 
production only a tiny fraction of the 
total yield, experiments are consider
ably more challenging. 

Members of the ARGUS collabora
tion, a veteran DESY experiment 
which stopped taking data this year 
(see previous story), are looking at 
the possibility of using HERA protons 
as a source of B-mesons to measure 
CP violation. 

At the workshop theoretical and 
experimental aspects of measuring 
CP violation at colliders, electron-
positron and proton were reviewed 
by Ahmed AN, Thomas Mannel, John 
Jaros and Jeff Spalding. Werner 
Hofmann summarized the status of 
the feasibility studies. A major new 
result is the efficiency of a wire target 
in the HERA proton beam halo, 
showing that the required interaction 
rate is in reach. 

Detailed simulations indicate that a 
significant measurement of the CP 
violation parameter should be possi

ble with five years' data, however the 
required high interaction rates are a 
challenge for detector design and 
operation. Five working groups, 
convened by Boris Dolgoshein, 
William Haynes, Roland Horisberger, 
Fabio Sauli and Joachim Spengler, 
studied radiation-hard silicon detec
tors, gas trackfhg detectors, transition 
radiation and ring imaging cherenkov 
detectors, calorimeters, muon identi
fication, triggering and data acquisi
tion. 

The requirements resemble those 
of detectors for large hadron 
colliders, and the design will profit 
considerably from the R&D work for 
LHC and SSC. 

It became clear that a HERA fixed 
target experiment, in addition to 
measuring CP violation, could also 
make significant contributions to 
quark transition parameters (CKM 
matrix) and B s mixing. 

This view was shared by DESY's 
Physics Research Committee (PRC) 
which met a few days after the 
workshop and encouraged propo
nents to continue their studies and 
strengthen their efforts. In its next 
two meetings (February and May) the 
PRC will review progress so that the 
DESY Directorate can take a deci
sion by the end of May. 

The workshop spanned two quite 
different fields of research, and the 
animated discussions on physics and 
detector issues showed that fixed 
target experiments will be an exciting 
addition to the new world of HERA 
physics. 
Albrecht Wagner 

A view into the target chamber - a prototype 
for the HERMES cell at DESY's HERA ring -
used for tests at Heidelberg. Centre is the T-
shaped storage cell. Polarized hydrogen 
atoms are injected from the upper left using an 
encapsulated permanent sextupole. On the 
right is the storage cell cooling mechanism and 
cryo pump. 
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