
CEBAF 

Standard Model 
Dynamics 

Dynamics of the Standard 
Model is the title of a new book 
from Cambridge University 
Press by John F. Donoghue, 
Eugene Golowich and Barry R. 
Holstein (ISBN 0 521 36288 
1). The underlying theoretical 
ideas of the Standard Model 
are covered in many books, 
but this one concentrates 
instead on the techniques 
which link the model to 
observable physics. 

The book is the second in the 
Cambridge series of 
Monographs on Particle 
Physics, Nuclear Physics and 
Cosmology after Klaus 
Winter's recent title on 
Neutrino Physics (March, 
page 24). . 

1964, when they and other 
specialists were exploring how to 
avoid the massless (Goldstone) 
bosons which were plaguing 
attempts at symmetry breaking. 
Yoichiro Nambu and Jeffrey 
Goldstone had originally been 
scheduled for the discussion but 
were unfortunately unable to attend. 

In all, a meeting which will be long 
remembered. 

Neutral currents and spontaneous symmetry 
breaking, two pillars of the Standard Model. At 
the SLAC History Symposium Don Perkins of 
Oxford (right) covered the discovery of the 
neutral currents at CERN in 1973, while Peter 
Higgs of Edinburgh took part in the panel 
discussion on spontaneous symmetry 
breaking. 

Installation is well underway for the 
first of the two main superconducting 
linacs for the Continuous Electron 
Beam Accelerating Facility (CEBAF) 
in Newport News, Virginia. With first 
physics scheduled to start in Spring 
1994, CEBAF's science will use 
intense continuous electron beams of 
up to about 6 GeV to explore the 
middle ground between conventional 
nuclear physics, viewing the nucleus 
as a bound state of protons and 
neutrons, and the particle physics 
picture of nucleons as assemblies of 
quarks and gluons. With this nuclear-
particle interface not well understood, 
the CEBAF physics programme 
could go on to reveal important new 
insights. 

CEBAF also introduces US nuclear 
physics research to a new scale of 
operations, with large experimental 
halls housing big spectrometers of a 
size usually seen only in particle 
physics Laboratories. 

With construction almost complete, 
CEBAF breathed a collective sigh of 
relief with a decision by a special 
subcommittee of the US Department 
of Energy's Nuclear Science 
Advisory Committee to recommend a 
basic annual operating budget of 
$55 million. This was considerably up 
on a figure which had somehow been 
on the books for several years, but 
was never considered realistic by 
CEBAF. Despite the applause 
greeting the new operating budget 
figure, Laboratory Director Herman 
Grunder sees it only as the minimum 
that the gleaming new facility would 
need. 

Following the successful testing of 
the injector (July, page 11), several 
cryomodules per month are being 
installed for the first (North) linac. 
(Each cryomodule contains four twin-
cavity cryounits.) Installation work for 
the 42.25 cryomodules for the 
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prepares its debut 

Installation of cryomodules for the CEBAF 
Continuous Electron Beam Accelerator 
Facility, Newport News, Virginia, is running 
ahead of schedule. 

complete machine (2 antiparallel 
linacs) is running ahead of a 
schedule which foresees 800 MeV 
beam from a single pass (one 
revolution) in 1994, and multi-pass 
(several revolution) beams by the 
end of that year. 

The CEBAF design uses two 
antiparallel linacs linked by 
semicircular arcs. Each time the 
beam passes through a linac, its 
energy is increased, calling for a 
recirculating arc with correspondingly 
higher bending power. Beam will be 
recirculated five times. 

The electron beam energy depends 
on two things - the installed 
accelerating power and the number 
of times the beam is recirculated. 
Energy could be boosted by installing 
additional accelerating power in the 
linacs, but this costs money. An 
earlier design had foreseen only four 
recirculations, but a subsequent 
compromise solution introduced a 
fifth circuit. A multi-pass solution also 
increases the possibilities for multi-
energy operation, with beams being 
tapped from different recirculating 
arcs. 

CEBAF will have one klystron 
driving each superconducting 
accelerating cavity for optimal control 
and flexibility. The cryogenic system 
will operate at 2K, and will eventually 
be the world's largest at this 
temperature. 

The superconducting niobium 
cavities, supplied by Interatom in 
Germany, are carefully prepared and 
processed at CEBAF before being 
fitted into cryostats. This careful 
treatment also benefits from 
experience, so that now cavity 
resonance and accelerating gradient 
performance almost invariably 
exceeds design specifications (2.4 x 
109 and 5 MeV/metre respectively), 
sometimes by an impressive margin. 

Electron beams around 6 GeV, rather 
than the conservative 4 G.eV design 
figure, are now confidently predicted. 

CEBAF will have extracted beams 
of independent intensity and energy 
feeding the three major experimental 
halls. The beams could be tapped 
from any one of the recirculating arcs 
as well as the end of the linac. The 
initial recirculating experiment using 
the injector has confirmed that 
potentially troublesome beam break
up (analogous to coupled bunch 
instabilities in a conventional storage 
ring) is mastered using the higher-
order mode damping developed at 
Cornell and built into CEBAF's 
cavities. 

Polarized beams would be an 
integral part of CEBAF's programme 
and work is going ahead for a 
polarized injector using a laser-
irradiated photocathode. This work 
benefits from investigations at the 
University of Illinois, and polarization 
specialist Charles Sinclair has 
recently moved across from SLAC to 
CEBAF. 

Under a Department of Energy 
directive to work for technological 

R&D work and technology transfer, 
CEBAF is proposing a free-electron 
laser facility, with some funding from 
industrial partners. The State of 
Virginia has also indicated its 
interest, although this would be 
contingent on Federal funding. The 
FEL could operate both in the 
infrared and ultraviolet regions, using 
electron pulses diverted from the 
injector and one linac arm 
respectively. It would not interfere 
with the physics programme. 

Equipped with complementary 
spectrometers, the three CEBAF 
experimental halls will house a wide 
physics programme which should 
help crumble traditional barriers 
between particle and nuclear 
physics. The barriers are 
administrative as well as scientific. 

An important initial scientific 
milestone is a special workshop on 
parity violation studies using 
polarized electron beams. This will 
propose guidelines for how these 
important experiments can be 
approached. 

The central objective is to 
investigate what basic quark-gluon 
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Electrons will be recirculated five times in 
CEBAF to attain their maximum energy. The 
recirculating arcs have to bend progressively 
higher energy beams on each turn. 

field theory can say about the 
uncanny stability of nucleons 
composed of three quarks, and vice 
versa. The unfashionability of this 
kind of physics in recent years has 
not been helped by restricted 

experimental possibilities. However 
periodic hints from experiments using 
nuclear targets or polarized beams 
have kept interest alive. 

At CEBAF, two halls will be 
equipped with large spectrometers to 

Stimulating science 

At CEBAF, BEAMS stands for 
Becoming Enthusiastic about 
Math and Science. The 
people at GEBAF, as at other 
major US Labs, are concerned 
about science education in the 
US. BEAMS is a partnership 
between CEBAF and local 
schools in which young 
teenagers and their teachers 
visit the Lab for a chance to 
supplement their normal 
school curriculum with direct 
exposure to modern science 
and its environment. This 
year, 1250 students and 50 
teachers are taking part, but 
these figures could eventually 
be doubled. To extend this 
effort to the whole of the 
United States would need 
about 1500 science centres. 

This summer, seven national 
US Labs opened their doors to 
outstanding high school 
students to carry out research 
under the US Department of 
Energy's High School Science 
Honors Program. As well as 
373 US students, the intake 
also included 41 students from 
foreign countries. 

CEBAF's superconducting niobium accelerat
ing cavities, supplied by Interatom in Europe, 
undergo careful treatment and surface 
processing at CEBAF before final installation. 
(Photo Frank Hoffman) 
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CLEAN ULTRA HIGH VACUUM IN ONLY A FEW MINUTES 
Rial Vacuum presents the first realty clean 
pumping system which starts from 
atmospheric pressure and goes down to less 
than 5.10~10 mbar with one-switch operation. 

Mod. DPS 100/3 -CF63 
The system is composed of two pumps: 

Mod. ATS 100 Alcatel 

This is a hybrid pump composed of: a 
"turbomolecolar" pump and a "drag" pump with a 
pumping speed of 100 l/s. This combination 
provides compression rates of: 

10 1 1 mbar for N 2 

3.10 5 mbar for He 
10 4 mbar for H 2 

These elevated compression rates permit, besides the attainment of base pressures of <2.10~1 0 mbar, back 
pumping pressures as high as 40 mbar. 
The ceramic ball bearing assembly guarantees more than 14.000 hours operation before the first maintenance. 

Mod. DRY 3 (New Dry Pump) 

This is a completely self-lubricating rotary vane pump, i.e. grease and oil free. 
The pumping speed is 3 m 3/h and ultimate pressure is < 6 mbar. 

Other features of the system are: 

• Extremely compact; 
• One-switch operation; 
• Air-cooling; 
• Mounting in any position; 

DIMENSION 

• CF63 connection flange; 
• Power 220V - 50Hz - 0,5 KVA; 
• Double over-pressure protection. 

(D <6 

, 2 ) TiHiiiiiiiiniiiiiiiiiH 

Q CF63 FLANGE 

(2) SPIRO TURBO PUMP 

( 3 ) P I E 2 0 R E S I S T I V E GAUGE 

GAUGE CONTROL UNIT 

FLEXIBLE P I P E 

( § ) ELECTROMAGNETIC VALVE 

( 7 ) DRY ROTARY VANE PUMP 

( & ) SILENCER FILTER 

RIAL VACUUM S.p.A. • Via Novara, 6/A • 43100 PARMA - Italia • Tel. +39-521-272120 • Fax +39-521-773268 

66 Circle advertisement number on reader service form 

C E R N Cour i e r , S e p t e m b e r 1 9 9 2 



Around 

look for coincidence particles -
simultaneously emitted secondary 
particles produced by the same 
incident electron. Another hall will be 
fitted with a large acceptance' 
spectrometer to catch as many 
secondaries as possible. This uses 
an unusual toroidal field configuration 
and is designed to measure 
complicated decay patterns. 

CEBAF's experimental programme 
is expected to attract about 400 

physicists. But there will be many 
more people eagerly awaiting the first 
experimental results. 

The performance of CEBAF's accelerating 
cavities suggests that the 4 GeV design goal 
of the machine could be surpassed without too 
much trouble. 

Usable Gradient vs Q 

10 

ill 
o 

Of 

7 

6 

m 

• 

• • • 
• % < • 

• • 
1 

• 
• • 

W 

• 
1 1 1 — i 1 1 1 1 1 1 1— _ j 

12 16 

Usable gradient (MeV/m) 

CERN 
Towards the LHC 
experimental 
programme 

As preparations for the experimental 
programme at the LHC proton 
collider to be constructed in CERN's 
27-kilometre LEP tunnel gain 
momentum, some regrouping of the 
initial experimental proposals has 
taken place, while top-level 
presentations of LHC and its physics 
potential have been organized for 
Russia, Japan and China. 

These presentations follow the 
Towards the LHC Experimental 
Programme' meeting earlier this year 
at Evian-les-Bains, near Geneva, 
which provided a stage for the first 
public presentation of initial ideas 
(Expressions of Interest) for LHC 
experiments (May, page 1). The 
success and enthusiasm generated 
by this meeting led to the idea of an 
international LHC roadshow with 
specially geared agendas for each 
'mini-Evian' venue. 

An optimal initial LHC experimental 
programme would require two, 
possibly complementary, detectors to 
study proton-proton collisions up to 
the highest luminosity, one dedicated 
ion detector (with the ion physics 
menu complemented by one or both 
of the proton-proton detectors) and at 
least one experiment exploring more 
specific physics topics, in particular 
beauty (B-particle) physics. In 
principle two new underground 
experimental areas would be opened 
in the tunnel, with the potential of 
using in addition the existing four 
LEP experimental areas, either by 
adapting LEP detectors or by having 
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