
case of carbon-14 studies) , but for 
bery l l ium-10 and chlor ine-36 the 
stable isobars boron-10 and sulphur-
36 form negat ive ions, so for bery l ­
lium-"! 0 an absorber can stop the 
boron. For chlor ine-36 careful chemi ­
cal p rocedures can min imize the 
su lphur and measu remen ts of the 
rate of energy loss in the f inal ioniza­
t ion detector can separate chlor ine 
f rom sulphur if the final energy of 
ions is suff iciently high (100 MeV or 
so) . 

A measure of the sensit iv i ty of A M S 
can be judged f rom the detect ion 
limits on the ratio of the radio isotope 
to stable isotope that can be meas ­
ured. For carbon-14 and chlor ine-36 
it is better than one part in 1 0 1 5 The 
improvement factor over decay 
count ing in these two cases is about 
10 5 and 10 6 respect ively. 

Appl icat ions of A M S are d iverse -
determin ing the ages of ancient 
art i facts (the Tur in shroud was dated 
by A M S to 1325± 33 AD) and the 
epoch of the Meteor Crater in Ar i ­
zona (55 mil l ion years ago) , identify­
ing the leakage of radioact ive was te 
f rom former nuclear fuel reprocess ing 
si tes, and measur ing the di f fusion of 
chlor ine in si l icon wafers used for 
sol id state dev ices, and the neutron 
f luence produced by the nuclear 
w e a p o n detonated over Hi rosh ima, 
and many more . In the case of 
H i rosh ima, the measuremen ts 
proved that up to 7 0 % of radiat ion 
d a m a g e to humans w a s f rom neu­
t rons rather than g a m m a rays as 
previously be l ieved. 

An appl icat ion of A M S likely to 
become more important in the future 
is in the f ield of b iomedica l research. 
One examp le is a s tudy of how 
carc inogens label led wi th carbon-14 
are metabo l ized. Wi th A M S the 
doses are be low permiss ib le l imits 
and the t issue samp les themse lves 
are very smal l . 

At present there are s o m e 40 
laborator ies wi th t andem electrostat ic 
accelerators th roughout the wor ld 
engaged ful l - or part - t ime in A M S 
measurements . Internat ional sympo­
sia on A M S are held every three 
years ; the seventh in the ser ies wil l 
take p lace at the Universi ty of Ar i ­
zona in 1996. 

From H E Gove, Department of 
Physics, University of Rochester, NY. 

Ion beam analysis is used in the study of 
materials and the structure of matter. 
The accelerators, not generally installed at 
specialist accelerator laboratories, have to be 
easy to maintain and simple to operate. 
This shows an ion beam analysis experiment 
using an electrostatic accelerator producing 
milliamp beams with energies of a few MeV. 
(Photo Institut fur Kernphysik, Frankfurt am 
Main, Germany) 

Ion beam analysis 

Ion beam analys is is an accelerator 
appl icat ion a rea for the s tudy of 

mater ia ls and the structure of matter; 
electrostat ic accelerators of the Van 
de Graaff or Dynami t ron type are 
often used for energ ies up to a few 
MeV. T w o types of mach ines are 
avai lable - the s ing le-ended acce lera­
tor type wi th h igher beam currents 
and greater f lexibi l i ty of beam m a n ­
agement , or the t andem accelerator , 
l imited to a tomic spec ies with nega­
t ive ions. 

The accelerators are not general ly 
instal led at special ist accelerator 
laborator ies and have to be easy to 
mainta in and s imple to operate. The 
most c o m m o n techn ique for industr ial 
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D E S Y a n n o u n c e s severa l 

'DESY Fel lowships' 

for y o u n g sc ien t is ts in e x p e r i m e n t a l par t ic le phys i cs to 
par t ic ipate in the research ma in ly w i th the H E R A col l ider 
e x p e r i m e n t s H1 a n d Z E U S or w i t h t h e f i x e d t a r g e t 
e x p e r i m e n t s H E R A - B a n d H E R M E S . N e w f e l l o w s a re 
se lec ted tw ice a year, in Apr i l a n d October . 

D E S Y fe l l owsh ips in e x p e r i m e n t a l par t ic le phys i cs a re 
a w a r d e d for a dura t ion of two yea rs w i th the possib i l i ty for 
p ro longat ion by one add i t iona l year. 

T h e sa lary for the fe l l owsh ip is d e t e r m i n e d acco rd ing to 
tar i fs app l i cab le for publ ic se rv ice w o r k (BAT II a ) . 

In te res ted pe rsons , w h o h a v e recent ly c o m p l e t e d the i r 
Ph.D. and w h o shou ld be younger than 32 years , are invi ted 
to s e n d their app l i ca t ion inc lud ing a r e s u m e a n d the usual 
d o c u m e n t s (cur r icu lum v i tae , list of pub l ica t ions , cop ies of 
un ivers i ty deg rees ) unti l 30. September 1995 to DESY, 
Persona lab te i lung -V2 - , Notkestr . 85 , D-22607 H a m b u r g . 
T h e y shou ld a lso a r range for t h ree let ters of re fe rence to 
be sen t unti l the s a m e da te to the add ress g iven above . 
D E S Y e n c o u r a g e s espec ia l l y w o m e n to apply. 

A s D E S Y has labora tor ies at t w o s i tes , in H a m b u r g a n d in 
Z e u t h e n near Ber l in , app l i can t s m a y ind ica te at w h i c h 
locat ion they w o u l d pre fer to work . 

UNIVERSITY OF FLORIDA 

HIGH ENERGY EXPERIMENTAL PHYSICS 

RESEARCH SCIENTIST AND 
POST-DOCTORAL RESEARCHER 

As part of a major expans ion of the exper imental high 
energy physics group, the Depar tment of Physics at the 
University of Florida is seek ing highly quali f ied appl icants 
to fill two new posit ions in coll ider physics: 1) a research 
scientist (non-teaching faculty), and 2) a post-doctoral 
associate. The successful candidates will part icipate in the 
detector development effort for the C M S project at C E R N 
and take part in on-going exper iments at C E R N and 
Fermilab. The posit ions are suppor ted jointly by the State 
of Florida and by external funding, and could be fi l led as 
early as October 1995, subject to the availabil i ty of funding. 
Interested persons should submit a resume, a list of 
publ icat ions, and three references to Professor Guenakh 
Mitselmakher, HEE Search Committee, Department of 
Physics, University of Florida, P.O. Box 118440, 
Gainesville, FL 32611, USA. Appl icants with quest ions 
may contact the Search Chair by mail or by emai l at 
Mi tse lmakher@phys.uf l .edu or by phone at 904/392-9237. 
The University of Florida is the largest university in the 
state and a major research institution currently expanding 
the program in accelerator-based high energy physics. 
Successful candidates will have an opportuni ty to play a 
major role in establ ishing new programs. 

Closing date for receipt of appl icat ions is September 15, 
1995. The University of Florida is an equal employment 
opportunity/aff i rmative act ion employer. Anyone requir ing 
special accommodat ions to complete appl icat ions should 
contact the Search Commi t tee Chair. 

C O O L I N G O F 

M I C R O S Y S T E M S 

Having problems with 

0 S p a c e ? 

0 F l o w - R a t e s ? 

S Pressure ? 

0 C a p a c i t y ? 

S T e m p e r a t u r e ? 

Pumpable Ice (BINARY ICE™, FLO-ICE™) is 
an ultra efficient high performance cooling fluid 
replacing directly evaporating refrigerants or 
inefficient brines. 

It is a two-phase liquid containing latent energy 
of ice crystals made from water and is available 
from approx. -4°C to -40°C (or even lower) for 
any capacity and with uniform temperature. 

Pressure can be adjusted to your needs. Flow 
rates are small. System presents no hazards to 
the environment. 

Binary Ice can even be used for retrofi t t ing 
existing installations which operate presently 
with refrigerants or brines. It is proven that it can 
be pumped through very small channels with 
diameters much below 1 mm. 

This Liquid Ice is a perfect solution for cooling 
your sensitive equipment. 

I t 's s e n s i b l e , i t ' s t e s t e d , i t p e r f o r m s ! 

Y o u n a m e i t , w e c o o l i t ! 

Further information from 

I N T E G R A L E n e r g i e t e c h n i k G m b H 
P.O. Box 1910, Lise-Meitner-Str. 2 

D-24909 Flensburg/Germany 
Tel.: +49 - 461 - 999 333, Fax: 999 399 

References: 

Apsimon, R.J. and G.J. Tappern: Binary Ice as 

Coolant for the ATLAS Silicon Tracker. 

Proceedings WELD EC Int. Workshop, Univ. 

Lausanne & CERN (October 1994), p. 197-204 
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The future 

research is Ruther ford Back Scatter­
ing Spect romet ry (RBS) . Hel ium ions 
are the preferred project i les, s ince at 
e levated energ ies (above 3 MeV) 
nuclear resonance scat ter ing can be 
used to detect photons assoc ia ted 
wi th target molecu les conta in ing 
e lements such as ca rbon , n i t rogen or 
oxygen . 

Due to the large amoun t of avai l ­
able data on nuclear react ions in this 
energy range, act ivat ion analys is 
(detect ing t race e lements by irradiat­
ing the sample) can be per fo rmed 
with charged part ic les f rom accelera­
tors over a wider range of a toms than 
wi th the convent iona l use of neu ­
t rons, wh ich is more sui ted to light 
e lements . Resonance react ions have 
been used to detect t race meta ls 
such as a lumin ium, t i tanium and 
vanad ium. 

Hydrogen a toms are vital to the 
mater ial per fo rmance of several 
c lasses of mater ia ls, such as sem i ­
conductors , insulators and ceramics . 
Prudent select ion of the project i le ion 
aids the analys is of hydrogen c o m p o ­
si t ion; the techn ique is then a s imple 
measuremen t of the emi t ted g a m m a 
radiat ion. Solar cell mater ia l and 
glass can be ana lysed in this way . 

On a wor ld -w ide basis, numerous 
laborator ies per form ion beam 
analys is for research purposes ; 
cons iderab le work is carr ied out in 
cooperat ion be tween scienti f ic 
laborator ies and industry, but only a 
few laborator ies provide a complete ly 
commerc ia l serv ice. 

From K. Bethge, Frankfurt am Main, 
Germany 

P art icle accelerator deve lopment 
must rank as one of the major 

scienti f ic ach ievements of the twent i ­
eth century. Progress in comput ing 
methods , eng ineer ing des ign tech ­
n iques and advances in mater ial 
sc ience have all cont r ibuted to 
today 's h igh ly -deve loped, precis ion 
techno logy whe re smal l versat i le 
mach ines are used for a w ide range 
of appl icat ions. 

The accelerator commun i t y has 
opportuni t ies to expand the range of 
appl icat ions in industry and medic ine, 
part icular ly by increasing beam 
intensit ies. In s o m e cases , the 
required ' technology-s tep ' improve­
ments can be ach ieved by employ ing 
exist ing mater ia ls and present day 
techn iques. 

Medicine 

In the compet i t ive commerc ia l wor ld 
of rad iopharmaceut ica ls , the t rend is 
to emp loy higher intensity acce lera­
tors for lower-cost product ion of 
isotopes and to operate these ma­
ch ines under increasingly more 
str ingent radiological contro ls. 

Severa l accelerator manufac turers 
are deve lop ing higher current ma ­
ch ines in the range 500 to 1000 
mic roamps, demand ing product ion 
targets better sui ted to handl ing heat 
product ion. One company , IBA in 
Be lg ium, has a l ready suppl ied 2 mA, 
18 MeV posi t ive- ion cyc lot rons wi th 
internal targetry for the commerc ia l 
product ion of a new therapeut ic 
isotope, pa l lad ium-103, for cancer 
brachytherapy. In Canada , E B C O 
Industr ies together wi th T R I U M F 
have announced the deve lopment of 
1000 mic roamp extract ion f rom their 
exist ing 30 MeV cyc lo t ron. 

The isotope product ion industry is a 
major oppor tuni ty for accelerator 
technology. Historical ly, mater ia l -

test ing reactors have a lways pro­
v ided low-cost isotopes to the indus­
try and to medica l compan ies ; 
however many of these reactors are 
reaching the end of their l ives and 
are not be ing rep laced. 

Dimin ishing research in nuclear 
power generat ion and fuel test ing, 
comb ined with the d i l emma on was te 
d isposal , has made f iss ion-based 
reactors less at tract ive. High intensity 
accelerators wi th appropr ia te targetry 
could be const ruc ted to produce the 
necessary neutron f luxes in the 
range 1 0 1 4 1 5 c m 2 s 1 (e.g. spal lat ion 
sources at 500 to 1000 MeV wi th 
intensit ies of a few mA) . Wi th no 
crit icality issues and no fuel manage ­
ment p rob lems, this type of acce lera­
tor cou ld replace nuclear reactors for 
this purpose; so far no laboratory has 
p roduced such p lans. 

Of the present day reactor-gener­
ated isotopes, mo lybdenum-99 
remains the most c o m m o n medica l 
isotope and is p roduced by f iss ion of 
enr iched uran ium-235 in thermal 
neutron reactors. A proton-dr iven 
intense subcri t ical neutron source 
has been proposed recent ly by Yves 
Jongen of IBA where a 150 MeV, 
1.5 m A proton beam f rom a cyclot ron 
wou ld str ike a mol ten lead target, 
su r rounded by a water and graphi te 
reflector, to p roduce neut rons by 
spal lat ion. These pr imary spal lat ion 
neut rons wou ld str ike secondary 
targets conta in ing subcr i t ical 
amoun ts of u ran ium-235, produc ing a 
thermal neutron f lux up to 2 x 1 0 1 4 

and a f ission power of over 500 kW. 
Manufac turers could then posi t ion 
their o w n mo lybdenum-99 product ion 
targets in this mach ine and cont inue 
to p roduce a rad iopharmaceut ica l 
g rade product wi thout the need to 
access a nuclear reactor. Th is smal l 
dev ice wou ld cost much less than a 
new research reactor. 

The acce lera tor -based free electron 
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