
From heavy ions to light sources at 
Brookhaven 

The Brookhaven National Labora
tory, recovered from the debacle 
of the cancelled CBA proton-pro
ton collider project, is now more 
than busy with an excellent phys
ics programme at the 33 GeV Al
ternating Gradient Synchrotron 
and with solid projects for the 
years to come. 

AGS physics 

With the CERN 28 GeV PS so oc
cupied as injector for higher en
ergy machines, the AGS almost 
has the field to itself in an energy 
range where several key experi
ments can still be done. The first 
batch of these cover rare kaon de
cays and four experiments are 
lined up to push the limits on 
these measurements down by sev
eral orders of magnitude. 

Two (Brookhaven/Yale and Los 
Angeles/Argonne/Pennsylvania/ 
Princeton/Stanford/Temple/William 
and Mary) are being prepared to 
look for the decay of the long-lived 
neutral kaon into a muon and an 
electron, which has been meas
ured down to a branching ratio 
level of around 10 - 8 . The decay 
would be a violation of the 'Stand
ard Model', but is predicted in sev
eral theoretical approaches where 
lepton types can mix. 

If the decay does occur it should 
be easy to identify though great 
care will be needed to eliminate 
events in which the muon comes 

The changing face of Brookhaven. At the 
bottom is drawn the path of the heavy ion 
transfer fine /inking the tandem Van der 
Graaff with the Alternating Gradient Syn
chrotron. Construction of the tunnel is 
nearing completion. On the left is the pro
posed booster which should do several 
good things for the AGS physics pro
gramme. In the background is the CBA col
lider ring in its new guise as the RHIC 
relativistic heavy ion collider - the major 
new Brookhaven project. 

from pion decay. (Maurice Gold-
haber says - 'as in social life, the 
most important thing about a can
didate is his background'.) One of 
the experiments hopes to reach a 
branching ratio level of 10~12. Such 
precise measurements are equiva
lent to probing interactions me
diated by the exchange of particles 
weighing hundreds of TeV, so that 
a lot of ground is being covered 
where new physics could turn up. 

The experiments will obviously 
look for other leptonic decays us
ing photon identification as well. 
Some of these decays are pre
dicted by the Standard Model to 
occur with very low rates, and will 
provide refined checks. 

A third experiment, by a Brook-
haven/Yale/Washington/SlN (Swit
zerland) group, has commenced a 
study of the decay of the positive 
kaon into pion, muon and electron 
with a sensitivity better than 1CT11. 

This could probe new couplings 
which are not found in the neutral 
kaon sector. 

A fourth experiment 
(Brookhaven/Carnegie-Mellon/Co-
lumbia/Princeton/TRIUMF) will use 
stopped positive kaons and look 
for their decay into a positive pion 
and two neutrinos. Again the hope 
is to push the measurement limits 
out by several more orders of 
magnitude and to search for light 
neutral particles. 

An important experiment 
(Brookhaven/Columbia/lllinois/ 
Johns Hopkins/NRL), looking for 
neutrino oscillations, is just begin
ning to take data in a search for 
muon-type neutrino conversions 
into electron-type neutrinos or for 
muon-neutrino disappearance. 
There are two detectors, one some 
300 m from the target and the 
other a kilometre away in the mid
dle of the (empty) CBA ring. Inter-
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est in these measurements follows 
hints by an Athens/CERN/Paris ex
periment at the CERN PS. This is 
being transported to Brookhaven 
to look (from early next year) to 
see if American neutrinos behave 
like European ones, gathering 
some twenty times its present sta
tistics in the process. 

Special features of the AGS 
physics programme come from 
the currently available high energy 
polarized protons and a soon-to-
be-available range of heavy ions at 
energies beyond those provided 
by the Berkeley Bevalac. Construc
tion of the transfer tunnel to bring 
these ions to the AGS from the 
neighbouring Van der Graaff is vir
tually complete and magnets have 
started to arrive. This link will al
low fully stripped ions (up to sul
phur) to be injected into the AGS 
and experiments are scheduled to 
begin in about a year. At present, 
the polarized proton runs are 'ex
pensive' in that beam intensities 
will not allow many experiments 
to take data simultaneously. Also 
higher beam intensities are 
needed to get sufficient data with 
high momentum transfers, where 
surprising spin-dependent effects 
were seen in experiments at the 
old Argonne ZGS. 

Future projects 

The AGS horizons will broaden 
with the construction of a rapid cy
cling booster synchrotron capable 
of taking the 200 MeV beam from 
the linac and accelerating it up to 
2.5 GeV prior to injection into the 
AGS (limited to 1 GeV injection for 
protons). The first construction 
money for this booster should 
soon be authorized. There are sev
eral aims - the present high en
ergy physics programme (such as 
the experiments described above) 

would benefit greatly from more 
protons. The booster should take 
the AGS intensity from around 1.5 
x 101 3 protons per pulse (record 
1.65 x 1013) to around 6 x 1013. In 
addition, using the booster as an 
accumulator, the polarized proton 
beam intensities could be in
creased by a factor of over twenty. 
Combined with ion source im
provements, this should give po
larized beams in the mA range so 
that a normal user programme 
could be run with protons or with 
polarized particles, which would 
no longer be 'expensive'. Finally, 
the additional energy prior to in
jection into the AGS will make it 
possible to fully strip heavier ion 
species, beyond the present limit 
of sulphur, the heaviest species 
which can be fully stripped at the 
energies available from the tan
dem. (Acceleration of adequate 
beam intensities in the compara
tively modest vacuum of the AGS 
requires fully stripped ions.) 

While the booster is the most 
important step in improving AGS 
performance, there is also a de
tailed programme of other im
provements and component 
consolidation. (Like the CERN PS, 
the machine is badly in need of 
care and attention after twenty-five 
years of operation.) Injection sys
tems, ion sources, radio-frequency 

A view from the Brookhaven tandem Van 
der Graaff building showing construction of 
the tunnel for the heavy ion transfer line 
linking the tandem with the Alternating 
Gradient Synchrotron. 

quadrupole, modernization of the 
computer control system, vacuum 
system refurbishing, power supply 
upgrade, etc., are all planned. 

Authorization of the booster 
construction would be another 
step in the direction of the relativ
ists heavy ion collider, RHIC, 
which would aim to study the be
haviour of nuclear matter at tem
peratures and densities never 
accessible before. RHIC would be 
installed in the tunnel already built 
for the abandoned CBA. A project 
proposal was put to the Depart
ment of Energy a year ago, aiming 
for energies of 100 GeV per nu-
cleon (gold ions) which corre
sponds to fields of 3.5 T in the 
bending magnets of the two colli
der rings. Research and develop
ment work has started, particularly 
on the superconducting magnets 
and higher fields (4.5 T) than those 
cited in the design look feasible. 
Two 4.5 m prototype magnets 
have already been tested success
fully; the second involved Fermi
lab for coil winding, DESY for 
fitting collars and Brown Boveri 
for the ion laminations. (Brookha
ven and DESY will also collaborate 
on the magnets for the HERA elec
tron-proton collider at DESY.) Next 
year the construction and testing 
of a string of four 9.7 m RHIC 
magnets is scheduled. 

CERN Courier, October 1985 331 



Brookhaven is taking care to 
keep the evolution of the RHIC 
project in line with the desires of 
the nuclear physics community. A 
workshop in the spring of this year 
developed conceptual designs for 
four detectors each specializing in 
some particular feature of the col
lisions (large aperture spectrome
ter, calorimeter, muon detector, 
narrow angle detector) which 
could occupy four of the six inter
section regions of the RHIC rings. 
The detectors have difficult prob
lems to handle because of the ex
pected high multiplicities (some 
5000 secondary particles per colli
sion). 

RHIC is not the only project us
ing the developed expertise at 
Brookhaven on superconducting 
magnets. The Laboratory is a ma
jor centre for the preparatory work 
on the US 20 TeV Superconduct
ing Super Collider, SSC. Together 
with Berkeley and Fermilab, Brook
haven is concentrating on the 
higher field/smaller radius version 
of the SSC (while the Texas Accel
erator Center works on the lower 
field/larger radius version). Later 
this year six 4.5 m model magnets 
should be built and tested; the 
first of them has already reached 
6.5 T, just above the design level 
of 6.3 T. Work has started on a 
prototype full-length 16 m magnet 
and a string of six is scheduled for 
testing next summer. 

Brookhaven is one of the Labo
ratories where thinking has al
ready turned to the era beyond the 
SSC when new acceleration tech
niques will be needed. Pushed by 
Bob Palmer, a continual innovator, 
a modest effort has begun which it 
is hoped might involve some thirty 
people in a few years. Working 
backwards from the beam parame
ters in such accelerators, the effort 

The heavy ion future at Brookhaven. To the 
left are the energy ranges which will be 
studied by the heavy ion injections into the 
AGS (ions up to sulphur). Completion of 
the booster would extend the range of ions 
up to gold. With RHIC the energy range 
goes dramatically higher. At high luminos
ity, and with heavy ion collisions giving 
thousands of secondary particles, detectors 
could have their work cut out. 

is concentrating on the problems 
of providing appropriate power 
sources where photodiode switch
ing and solid state switching using 
laser light look promising for pro
viding power in the millimetre 
wavelength region. Micro-machin
ing skills at Brookhaven also raise 
hopes for a 'conventional' acceler
ating cavity structure. Perhaps the 
most important aspect of these in
vestigations is that thinking and 
working on accelerator devices for 
the next century is becoming re
spectable. 

Light Source 

To conclude this brief summary 
of Brookhaven's programme we 
turn away from high energy phys
ics to report on progress at the 
National Synchrotron Light 
Source, where two electron rings -
a 750 MeV vacuum ultraviolet ring 

and a 2.5 GeV X-ray ring - are 
now in reliable operation for syn
chrotron radiation experiments, 
each using some 25 beamlines. 
Like most synchrotron radiation fa
cilities, the NSLS was plagued 
with start-up problems, but these 
have largely been overcome and 
the facility has moved into the 
front line of this research. 

The VUV ring can be run in one 
to nine bunch modes with as 
much current as 720 mA in the 
single bunch mode. The Ken 
Green/Rena Chasman design, aim
ing for high beam brightness, has 
paid off, and measured beam pa
rameters are well up to expecta
tions. The major limitation comes, 
as usual, from ion trapping, and 
improvements aim to achieve a 
better vacuum by installing new 
pumps and better vacuum instru
mentation. 

Two straight sections will be fit-
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Focus on focusing 

ted, one with a wiggler (0.85 T 
field) and the other with an undu-
lator (6.5 cm wavelength) and the 
X-ray ring will have four additional 
straight section insertions - a su
perconducting wiggler (5 T field), 
two hybrid wigglers (1 T field), 
and an undulator (8 cm wave
length). These NSLS extensions 
are part of a funded 'Phase II' up
grade which also includes urgently 
required square metres to relieve 
the congestion in the experimental 
areas and to provide more office 
and laboratory space. 

This reflects the explosion in the 
exploitation of synchrotron radia
tion for experiments and for prac
tical applications over a wide 
range of areas. It is one of the 
most fruitful areas of 'spin-off of 
the accelerator technology devel
oped for particle physics. 

The discovery and impact of the 
principle of strong focusing was 
celebrated at a history Symposium 
at Stanford on 25 July in the 
course of the 1985 US Summer 
School on Particle Accelerators. 
Burt Richter, Stanford Linac Direc
tor, who introduced all the speak
ers with well chosen reminders 
about their various contributions 
related to the theme of the sym
posium, remarked that it was an 
appropriate time to be lauding the 
great contributions of accelerator 
physicists following the Nobel 
Prize award to Simon van der 
Meer for outstanding achieve
ments in accelerator physics. 

Donald Kerst was the first 
speaker reviewing the years prior 
to the discovery of strong focusing 
when, motivated by the urge to 
reach higher energies and to han
dle particle beams more effec
tively, a long list of scientists 

An album shot of Stan Livingston, architect 
of the strong focusing technique. 

helped increase knowledge of 
beam behaviour and of what mag
netic fields do to beams. Vital 
steps en route to our present ma
chines were the discovery of the 
cyclotron principle around 1930 
(E. 0. Lawrence and S. Livingston) 
and the discovery of phase focus
ing in 1945 (E* McMillan and V. I. 
Veksler). 

In cyclotrons, the particle beams 
were kept focused fortuitously by 
the shape of the magnetic fields at 
the edges of the magnets in which 
they orbited. The effect was used 
more conscientiously in the weak 
focusing synchrotrons, like the 3 
GeV Cosmotron built at Brookha
ven in the early 1950s, by contour
ing the polefaces of the ring 
magnets. This was the state of the 
art in the summer of 1952; Stanley 
Livingston and Ernest Courant de
scribed the days of the discovery 
of strong focusing which then fol
lowed. 

Stan Livingston had gone to 
Brookhaven to do physics on the 
3 GeV Cosmotron and found him
self working on ideas to improve 
the design of the weak focusing 
Cosmotron magnets. An additional 
spur was the imminent arrival of a 
delegation from the embryonic 
CERN (Odd Dahl, Rolf Wideroe, 
Edouard Regenstreif and Frank 
Goward) who were looking for 
ideas for the design of the proj
ected CERN 10 GeV proton accel
erator. He thought of switching the 
orientation of the C-shaped mag
nets around so that their gap 
faced alternately towards the in
side and then towards the outside 
of the accelerator ring. The antici
pated problem was that the focus
ing fields, since they would now 
be alternately focusing and defo-
cusing in a particular plane of the 
beam, would no longer hold the 
beam confined. 
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