
A r o u n d t h e L a b o r a t o r i e s 

Charged-pion mass (vertical axis) results 
obtained at PSI. The values 1 and 3 are from 
pionic-magnesium X-ray data (A,B: different 
electron-screening corrections); the results 2 
and 4 are based on the muon mass and the 
momentum of muons from pion decay at rest. 
Taken together, the 1994 results imply a pion 
mass close to 139.570 MeV, larger than the 
previous world average. 

contributed by another precision 
experiment at PSI - K. Assamagan et 
al. (PSI, Zurich University, ETH, 
University of Virginia), in which the 
momentum of muons from the decay 
of positive pions at rest into a muon 
and a muon-neutrino was measured 
by a new technique. Muons in a 
surface muon beam, originating from 
stopped pion decays at the surface of 
a pion production target at the 590 
MeV proton accelerator, are momen
tum analysed in a magnetic 
spectrometer. The resulting muon 
momentum of 29.79207(12) MeV/c is 
consistent with the 1991 PSI meas
urement of M. Daum et al., using a 
positive pion beam. 

The new muon momentum value 
and the muon mass lead to the 
charged-pion mass ASSAMAGAN 
94. In the graph, the pion mass value 
indicated by a filled circle and the 
uncertainty given by the lower error 
bar are obtained if the muon-neutrino 
mass is assumed to vanish, while 
larger pion mass values are obtained 
for non-zero neutrino masses. The 

pion-mass result ASSAMAGAN 94 is 
consistent with JECKELMANN 94(B) 
but excludes JECKELMANN 94(A) 
by 6.2 standard deviations, thus 
confirming the conclusions of the 
earlier muon-momentum measure
ment DAUM 91 with improved 
significance. 

The 1994 results of the two experi
ments together yield a charged-pion 
mass close to 139.570 MeV, signifi
cantly higher than the previous world 
average. The neutral-pion mass is 
also affected, as this is obtained by 
subtracting the pionic mass differ
ence of 4.5936(5) MeV from the 
charged-pion mass. 

The muon-neutrino mass is derived 
from the charged-pion mass 
JECKELMANN 94(B) (which in 
contrast to JECKELMANN 94(A) is 
consistent with DAUM 91 and 
ASSAMAGAN 94), together with the 
muon momentum mentioned above 
and the muon mass. A muon neu
trino mass squared of -0.022(23) 
MeV 2 yields an upper limit for the 
muon neutrino mass of 0.16 MeV 

(90% confidence level). This is 
interesting as certain non-standard 
models allow unstable muon-neutri-
nos with masses above about 100 
keV. 

BERKELEY 
Light Source 
anniversary 

T he staff of the Advanced Light 
Source (ALS) at the Lawrence 

Berkeley Laboratory has been too 
busy to celebrate the first anniversary 
of the facility's transition from a US 
Department of Energy construction 
project to operating third-generation 
synchrotron radiation source. Based 
on a 1.5-GeV, low-emittance electron 
storage ring that accommodates up 
to ten insertion-device radiation 
sources optimized primarily for the 
soft X-ray and vacuum ultra-violet 
regions of the spectrum, the ALS has 
completed. 

A year ago, we reported the blister
ing pace set by accelerator physi
cists, operators, and engineers as 
the storage ring surpassed many of 
its performance goals in the first six 
weeks of operation (June 1993, 
pages 8-9). In particular, the maxi
mum observed storage-ring current 
of 457 mA - reached at the end of 
April 1993 - was well beyond the 
design goal of 400 mA for the normal 
multibunch mode of operation. 
Although there is no readily recogniz
able barrier to reaching significantly 
higher current, the policy has been to 
operate at the design value. 

After this initial round of successes, 
the ALS went into a lengthy shut
down from May through August 
1993. This saw the installation of the 
first two insertion devices and 
undulators for beamlines 7.0 and 8.0, 
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as well as beamline hardware. But a 
number of storage-ring tasks were 
also completed that proved critical in 
the next phase of commissioning. 
These included surveying and 
precisely realigning the ring, baking 
out the vacuum chamber, and install
ing two important new diagnostic 
systems. The first of these was a 
system of transverse kickers that 
allows betatron motion to be driven 
resonantly, so that betatron tunes 
can be measured. The other was 
diagnostic beamline 3.1, providing an 
image of the electron beam. 

From September 1993 through April 
1994, operations were shared be

tween accelerator development and 
user shifts. Light was provided to the 
first beamline (bend-magnet 
beamline 10.3) in October, when 
accelerator physics and operations 
teams made major advances in the 
areas critical for user acceptance: 
beam-emittance (less than 5 nm-rad 
horizontal and less than 0.2 nm-rad 
vertical), beam lifetime (11 hours at 
400 mA), beam stability (may not 
need active beam-position feedback 
systems), compensating for the 
effects of undulators on the beam, 
and operating at energies other than 
1.5 GeV over the range from 1.3 to 
1.9 GeV. 

After only one year of operation, the Advanced 
Light Source (ALS) at the Lawrence Berkeley 
Laboratory is already up and running for more 
than 90% of the scheduled time. 
Locations of the beamlines currently identified 
to come on line during 1993-6 are indicated on 
the floor plan according to their general 
research areas. U and W refer to undulators 
and wigglers, with the number representing the 
period length in centimetres. Beamlines are 
designated according to the convention X. Y.Z, 
where X is the sector number, Y is the port 
number, and Z is the branch number. There 
are 12 sectors and four available ports per 
sector. Port 0 is the insertion-device port; ports 
1, 2, and 3 are bend-magnet ports. 

Adding to these achievements, the 
ALS has turned out to be reliable and 
robust. With present funding, it can 
operate five days per week. The 
present schedule comprises 14 shifts 
per week from Monday through 
Friday (1 startup, 1 maintenance, 3 
accelerator physics, and 9 user). For 
the first four months of 1994, the ALS 
was available for users 92.2 percent 
of the scheduled time, and, for the 
months of March and April, was 
available an incredible 95 percent of 
the time. 

The problem of most concern now 
is beam energy spread, probably due 
to a longitudinal multibunch instabil
ity, causing the spectral broadening 
of the undulator third and fifth har
monics at high electron current. For 
example, in the multibunch mode, the 
harmonics are broadened by 0.5% at 
50 mA and 0.7% at 400 mA. In 
collaboration with the Stanford Linear 
Accelerator Center and the LBL 
Center for Beam Physics, feedback 
systems are being developed to 
damp the very fast longitudinal 
oscillations observed during 
multibunch operation. Since there is 
evidence that the damping of the 
longitudinal oscillations may result in 
the increased prominence of now 
negligible transverse oscillations, 
development work uses a transverse 
feedback system. 

In a six-week shutdown period that 
began on 1 May, a third undulator 
was installed in beamline 9.0, front 
ends were put in place for bend-

Recording of the ALS storage-ring beam 
current during a 24-hour period in April 
illustrates the steady performance of the 
storage ring with an operating current (shaded 
area with vertical axis on the left) of 400 mA 
and lifetime (dark solid line with vertical axis on 
the right) of about 11 hours. The current is 
dumped daily for an accelerator check. 
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Physics monitor 

magnet beamlines 6.1 and 6.3, and 
the longitudinal kickers for the feed
back system were installed to provide 
energy stability in the ring. In addi
tion to continuing user experiments 
on undulator beamlines 7.0 and 8.0 
and on bend-magnet beamline 10.3, 
commissioning of undulator beamline 
9.0 and bend-magnet beamline 9.3.2 
is underway. Light will soon be 
become available in bend-magnet 
beamlines 6.1, and 6.3. 

ALS information is now available 
electronically via World Wide Web -
go directly to the Universal Resource 
Locator (URL) for the ALS home 
page - http://beanie.lbl.gov:8001/als/ 
als_homepage.html. Information 
available includes the schedule for 
operations and information about 
ALS performance. 

Hans Boggild, centre, convener of the nightly 
Helsinki 'Quark Matter' poster sessions, with 
performance winners Yingchao Zhang (right, 
of Stony Brook, best poster presentation) and 
Leonid Razumov (Marburg, best entertainment 
value). 

Quark matter 

P recisely one decade ago the GSI 
(Darmstadt)/LBL (Berkeley) 

Collaboration at the Berkeley 
Bevalac reported clear evidence for 
collective sidewards flow in high 
energy heavy ion collisions. This 
milestone observation clearly dis
played the compression and heating 
up of nuclear matter, providing new 
insights into how the behaviour of 
nuclear matter changes under very 
different conditions. 

This year, evidence for azimuthally 
asymmetric transverse flow at ten 
times higher projectile energy (11 
GeV per nucleon gold on gold 
collisions) was presented by the 
Brookhaven E877 collaboration at 
the recent European Research 
Conference on "Physics of High 
Energy Heavy Ion Collisions", held in 
Helsinki from 17-22 June. 

Such flow is predicted to show up 
also in experiments at the CERN 
SPS when lead beams become 

available this year. Strong changes 
due to the phase transition threshold 
are expected if the thermodynamics 
of the long-awaited phase transition 
to Quark-Gluon Plasma (QGP) is 
strongly first order. 

Phase transition 

Not only the existence of a QGP 
phase transition, but also the thermo-
dynamical nature of the transition 
itself is crucial. Lattice calculations, 
reviewed by Hildegard Meyer-
Ortmans and Helmut Satz, are 
presently limited to small volumes, 
where naively no phase transition 
can exist or be detected. 

However the probability distribution 
of the energy density may reveal the 
expected behaviour even in finite 
volume calculations. In experiments, 
large colliding systems - heavy 
beams and high energy - provide the 
most favourable conditions. 

For QGP formation, phase transi
tion dynamics is also a key issue. As 
Keijo Kajantie pointed out, neither 
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