
peres and energies of several tens 
of keV. Under these condit ions, the 
primary electron beam hitting the 
collector produces many secondary 
particles, which in turn sputter ma
terial f rom the walls of the vacuum 
chamber and degrade the vacuum. 

To suppress these unwanted se
condaries, the collector systems 
use a special arrangement of elect
ric and magnetic fields . The 
original LEAR collector consisted of 
a series of elaborate electrodes, 
but proved to be unreliable at high 
voltages and inefficient for routine 
operation at LEAR. CERN invited 
the Novosibirsk electron cooling 
pioneers to design, build and test a 
new unit. This was entrusted to 
INP's new Centre of Applied Phy
sics and Technology at Lipetsk 
CAPT INP (January/February 1989, 
page 23). The collaboration was 
headed by J.Bosser (CERN) and 
I.Meshkov (CAPT INP). 

After more than a year of hard 
work and frequent exchanges be
tween CERN arid CAPT INP spe

cialists, the new collector has re
cently been installed and tested in 
the LEAR electron cooler. The de
vice consists of a Faraday cup wi th 
a suppressor (repeller) electrode at 
the entrance. It is connected to the 
main cooler via a vacuum valve to 
allow repairs without disturbing the 
main LEAR vacuum. Another im
portant constraint was the need to 
keep the existing power supplies. 

First results are in accord wi th 
the original CERN specifications, 
wi th a tenfold improvement in col
lection efficiency which is now 
9 9 . 9 5 % . Tests are continuing. 

The CERN/CAPT INP collabora
tion is continuing to investigate re
placing the present source for the 
LEAR electron cooling wi th a new 
variable current gun. 

Schematic of the new electron cooling col
lector for CERN's LEAR Low Energy Antipro-
ton Ring, developed by a collaboration be
tween CERN and Novosibirsk's Institute for 
Nuclear Physics. 

GRAN SASSO 
Roman lead 
for physics 
experiments 

On June 15 at Oristano (Sardinia) a 
formal ceremony marked the start 
of an underwater archaeological 
campaign sponsored by the Istituto 
Nazionale di Fisica Nucleare (INFN) 
to recover the load of a Roman 
freighter (navis oneraria) which 
sank off Sardinia carrying an excep
tionally large load of lead. 

INFN's interest in obtaining part 
of this lead comes f rom the metal's 
particularly high value as a shielding 
material in delicate experiments, 
such as the interactions of solar 
neutrinos, or rare decay processes. 
These studies require strong sup
pression of background counts 
f rom charged cosmic rays, neu
trons and gamma rays. 

The charged cosmic ray back
ground is greatly reduced deep un
derground. In the Laboratori Na-
zionali del Gran Sasso, under 1400 
metres of rock, the intensity of 
charged cosmic rays is reduced by 
about 10~6 compared to the sur
face signal. 

Neutrons are also considerably 
reduced, but less effectively since 
they are only partly produced by 
cosmic rays, some being generated 
by spontaneous fission in the 
rocks. In the Gran Sasso Laborato
ry the radioactivity of the rocks is 
rather low and therefore the fluxes 
of thermal and fast neutrons are 
three to four orders of magnitude 
smaller than in any low background 
laboratory on the surface. 

But underground gamma ray 
background is similar to that on the 
surface, due to the radioactivity of 
surrounding rocks or construction 

Vacuum valve 
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A diver at the wreck of a Roman freighter 
which sank off the Sardinian coast some 
2,000 years ago carrying a load of lead. 
Protected from environmental radiation by 
some 30 metres of water, this lead will pro
vide valuable low-background shielding for 
precision physics experiments. 

materials. Reduction of gamma 
rays, essential for sensitive experi
ments, can only be accomplished 
by shielding the detector wi th suit
able materials of high atomic num
ber and low intrinsic activity. 

Its reasonable cost, special me
chanical properties, low neutron 
yield and high atomic number make 
lead an ideal material for shielding 
gamma rays. While for radiation 
protection purposes its intrinsic ra
dioactivity is negligible, for highly 
sensitive low radioactivity experi
ments residual activity (due to lead-
210 and its daughter nuclides bis-
muth-210 and polonium-210) may 
limit its usefulness. 

Certified low-radioactivity lead is 
mainly produced for the electronics 
industry and is far too expensive to 
be used in large quantities. An al
ternative is old lead produced sev
eral half-lives (22 years) of lead-
210 ago. However such lead is 

One of the lead ingots found in a Roman 
ship sunk near Sardinia, with the manufac
turer's mark. This lead turned out to be of 
extremely low radioactivity and will be used 
for delicate physics experiments at the un
derground Gran Sasso laboratory. 

rare, since sources like water 
pipes, sunken shiploads, or sailing 
ship ballast are not frequently 
found. 

The recent discovery of this Ro
man wreck loaded wi th lead has 
therefore triggered the interest of 
physicists Gianni Fiorentini and Et-
tore Fiorini, who have promoted, 
together wi th archaeologist Do
natella Salvi, the rescue collabora

tion between INFN and the Italian 
authorities for artistic and historical 
heritage. 

The agreement foresees financial 
support f rom INFN, use of part of 
the lead for researches at the Gran 
Sasso laboratory, and the creation 
of a database of all recovered ma
terial for archaeological studies. 
Several physicists and archaeolog
ists are cooperating in the project. 

The age of the Roman lead and 
the protection afforded by the wa
ter prevent visible contamination 
not only f rom lead-210 but also 
possibly of other long-lived natural
ly-produced radioactivity. For more 
than t w o thousand years the ship 
has lain on the sea bed at a depth 
of about 30 m, well shielded 
against environmental neutrons and 
radioactive remnants of the Cher
nobyl accident. 

A sizable amount of this lead 
has been analysed by a Milan 
group, who have carried out 
measurements of X-ray fluor
escence and diffraction, neutron 
activation and alpha. X-ray and 
gamma ray spectroscopy. Alpha, 
X-ray and gamma ray spectrosco-
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The core components 
in electromagnetic calorimeters, 

more than 21,000 Cerenkov counters from Schott. 

In experiments searching for the structure of matter the 
energy and direction of photons and electrons, generated 
for example in the annihilation of energetic electrons and 
positrons, have to be measured with high resolution. 

To do this, more than 21.000 Cerenkov glass blocks 
made by SCHOTT are in use. These lead silicate glasses, 
such as SF3, SF5 and SF57, are successfully employed 
in the*large universal detectors-OPAL and DELPHI 
(at CERN) and JADE (at DESY). 

The extreme properties inherent in glasses from SCHOTT 
make possible the precision - which is beyond imagina
tion - required for these experiments: 

High density of glass - short radiation length. 

High internal transmittance in the Cerenkov radiation 
wavelength range. 

High refractive index - low detection limit for fast 
particles. 

High radiation resistance - long service life. 

HED-1, the newly-developed scintillation glass from 
SCHOTT, is another important medium of detection for 
high energy particles in nuclear physics. As compared 
with lead silicate glasses, its luminous efficiency is 
substantially higher, while energy decomposit ion is also 
higher. 

Special glasses from SCHOTT contribute toward maxi
mum performance results in all fields of science and 
research. 

SCHOTT GLASWERKE 
Geschaftsbereich Optik 
Verkauf Optisches Glas 
Postfach 2480, W-6500 Mainz 
Telefon 0 61 31 /66 -0 ra SCHOTT 
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Powered Crates 

FASTBUS-Crates 
to CERN-Spec. F6852, 
switch-mode regulated. 
Wes-Crate Power 
Supplies are distinguished 
by low noise and ripple. 
Electromagnetically 
shielded. 

CUSTOM Design 
Example: 
VME FADC-Crate 
11 u high, 725 mm deep 
with lEC-lnterface 
for HI DESY, Hamburg. 

Every CERN-Spec. 
so far as given rice 
to a CERN-approved 
Crate from 

NIM-Crates 
CAMAC Crates 
to CERN-Spec. 099a, 
linear regulated. 
To CERN-Spec. 199, 
linear regulated. 
To CERN-Spec. 336, 
switch mode regulated. 

VMEbus-Crates 
to CERN-Spec. V-422. 
We also now make Crates 
to the new CERN-Spec. 
V430 with -5 , 2V, -2V, 
±15V on an third Jaux 
connector between Jl 
and J2. 

LJes-Crates 
Wes-Crates GmbH 
Pattburger Bogen 33 
D-2398 Harrislee/Flensburg 
Germany 

Telefon 0461 / 7741 77 (new) 
Telefax 0461 / 77 41 41 (new) 
Teletex 461 309 = Kristen 
Telex 17 461 309 

ROTA MAG2000 
debitmetre 

electromagn e tique 

O version compacte 
O choix digitate de la plage de mesure 
O indication locale 
O securite intrinseque 

Demandez la documentation 

ZIMMERLI MESSTECHNIK AG 
Schlossgasse 10 4125 Riehen 

f 061 -675454 
Telex 965 135 Telefax 061 7673562 

Softway 
HTH S.A. - Rue Louis de Savoie, 56 -1110 Morges 

Tel. (021) 803 23 33 - Fax (021) 803 23 40 

Integration PC-UNIX: 
pour bureautique, gestion, communications, etc... 

LOCUS "PC-Interface pour DOS": integr. DOS-UNIX, disque/s du 
PC sur machine/s UNIX, acces fichiers UNIX, acces serveurs NFS, 
impress, sur imprim. UNIX depuis appli. DOS, transfert de fichiers par 
commandes DOS, emul. ANSI; tous usages, RS232 et TCP/IP, pour 
UNIX PC et autres; nouvelle vers. 4.0 compat. AADU IBM6000. 

LOCUS "PC-Interface pour Macintosh": integr. Mac-UNIX, 
volumes disques du Mac. sur machine/s UNIX, impress, depuis Mac. 
sur imprim. UNIX, depuis UNIX sur imprim. Mac, emul. ANSI; liaison 
Ehernet ou Appletalk, pour UNIX PC et autres. 

JSB MultiView DeskTop: emul. ANSI sous MS-Windows 3.0, rapide, 
8 bits, couleurs, claviers configurables, support imprimantes, multi-
sessions; pour RS232 et reseaux TCP/IP. 

X11 pour DOS: eXceed, serveurs compat. X11.4, pour VGA, 8514A 
(jusqu'a 1280x1024), TIGA2; pour tous reseaux TCP/IP. 

X11 pour MS-Windows: eXceed/W, serveur compat. X11.4 pour MS-
Windows 3.0; pour tous reseaux TCP/IP. 

System V Rel. 4 pour PC 
SVR4 INTERACTIVE pour tous PC (ISA/EISA) et PS2 (MCA), avec 
TCP/IP, NFS, X l l (Super-VGA), OpenLook, MOTIF, etc... 

SVR4 "Complete System" FS 6765 -
SVR4 "Starter Kit" (seulement o.s. et network) FS 3'135.~ 
SVR4 "Graphics + Devt. Kit" (Xll, outils de devt.) FS 4'345.~ 
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Comparison of the residual low energy ra
dioactivity in modern and Roman lead. 

py was also carried out for com
parison on samples of modern 
lead, on specially-produced low ra
dioactivity lead and on a sample of 
lead about 500 years old. 

The intrinsic radioactivity of the 
Roman lead was found to be ex
tremely low, showing its potential 
usefulness in low activity experi
ments on rare decays and in low 
level gamma spectroscopy. 

The wreck is located near 'Mai 
di ventre' island off the south-west 
coast of Sardinia, where strong 
winds and small protruding rocks 
have made this area of sea noto
rious. The lead ingots lie on a flat, 
sand-covered sea bot tom over an 
area 36 x 12 metres, delimited by 
the position of the anchors: one 
iron anchor lies on the prow, and 
three lead anchors on the stern, 
wi th t w o symmetrically arranged 
lead counterbalances. The size of 
the ship and the large quantity of 
lead ingot cargo indicates an oner-
aria magna adapted for carrying 
heavy loads of metals - the keel is 
reinforced by iron nails more than 

70 cm long. 
The estimated 1500 ingots each 

weigh about 33 kg (about 100 Ro
man pounds). Their shape and 
weight dates them to the first half 
of the first century BC, which ties 
in wi th accompanying pottery and 
the names of the ingot manufactur
ers, familiar f rom previous discov
eries. The most frequent name is 
that of the Pontilieni family ( Socie-
tas of Caius and Marcus, sons of 
Marcus), a family of the Fabia tribe 
active in the middle of the first cen
tury BC. Other ingots bear the mark 
of Caius Hispalius of the Menenia 
tribe. 

The Spanish mining activity of 
these families of Italian origin is 
well known. On the other hand the 
discoveries of a considerable num
ber of ingots in the Mediterranean 
sea demonstrate that such metals 
were widely spread. Lead was 
used in large quantities for a variety 
of purposes such as water pipes, 
anchors, net sinkers and lead 
clamps used in the construction of 
stone buildings. The large quantity 

of this metal found as a part of the 
shipload near Mai di Ventre island 
proves that specific ships were 
used to carry ingots to markets. 

Identification of the source of 
this consignment is of considerable 
archaeological interest. In principle, 
it should be possible by comparing 
trace elements and lead isotope ra
tios of the ingots wi th ore f rom 
possible source regions, mainly on 
Sardinia itself and in southern 
Spain. Although these regions are 
geologically rather similar they may 
be geochemically differentiated. In 
addit ion, it would be interesting to 
see if all the ingots have a similar 
composit ion and therefore derive 
f rom a single ore deposit. 

Thus, after an interval of t w o 
thousand years, the products of 
the once flourishing Roman metal
lurgical industry and the Pontilieni 
multinational concern are again in 
demand I 

By Alessandro Pascolini 

BROOKHAVEN 
RHIC magnets: indus
trial procurement and 
first system tests 

Brookhaven's Relativistic Heavy Ion 
Collider (RHIC) project is now near-
ing the end of its first full year of 
construction - a year in which the 
major emphasis has been on 
groundwork for industrial produc
tion of the machine's supercon
ducting magnets. 

About three-quarters of the 
1600 superconducting magnets for 
RHIC are expected to be produced 
in industry, using designs devel
oped and tested at Brookhaven. 
These include all of the dipole, qua-
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