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On the left: the HERA transverse polarization 
build up curve during optimization with the 
harmonic orbit bumps. On the right: the first 
polarization build up curve measured after the 
rotators had been activated for the first time 
and the beam ramped to 27.52 GeV. 
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With longitudinal polarization the 
way is clear for the HERMES experi
ment to investigate the spin structure 
of nucleons using an internal polar
ized gas target. Two more pairs of 
rotators are now on order for the H1 
and ZEUS experiments for physics 
with longitudinally polarized elec
trons. 

With this success longitudinal 
electron spin polarization in high 
energy storage rings has become a 
reality and a new tool for physics at 
storage rings created. 

A Siberian Snake is a magnetic 
device which rotates the spin of a 
particle by 180° about an axis in the 
horizontal plane. The idea was first 
proposed by Novosibirsk scientists in 
1974. The Snake can use either 
solenoidal magnets or a combination 
of transverse dipole magnets which 
produces only local orbit distortions. 

For a low energy synchrotron, such 
as the Brookhaven AGS, transverse 
Snakes are not feasible because of 
the large apertures required for the 
dipole magnets. Therefore a 

solenoidal Snake is the only solution 
However, the solenoid introduces a 
sizable linear betatron coupling, so 
the operation of a full Snake is 
difficult without proper corrections. 

Beam polarization at Brookhaven's Alternating 
Gradient Synchrotron (AGS) has been boosted 
using a 'Siberian Snake' to overcome trouble
some depolarizing resonances, three of which 
are shown here. The middle resonance was 
accidently located at the transition energy 
during this experiment. This can be avoided by 
shifting the tune. 

2 - Partial Siberian 
Snake rescues 
polarized protons at 
Brookhaven 

T o boost the level of beam polari
zation (spin orientation), a partial 

'Siberian Snake' was recently used to 
overcome imperfection depolarizing 
resonances in the Brookhaven 
Alternating Gradient Synchrotron 
(AGS). This 9-degree spin rotator 
recently permitted acceleration with 
no noticeable polarization loss. 
The intrinsic AGS depolarizing 

resonances (which degrade the 
polarization content) had been 
eliminated by betatron tune jumps, 
but the imperfection resonances 
were compensated by means of 
harmonic orbit corrections. However, 
at high energies these orbit correc
tions are difficult and tedious and a 
Siberian Snake became an attractive 
alternative. 
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But this is not possible in the AGS 
because of the short straight sec
tions. A solution to this problem was 
proposed by Tom Roser: overcome 
only the relatively weak imperfection 
resonances with a 9° partial Snake. 
Although there have been many 

Snake experiments at the Cooler 
Ring of the Indiana University Cyclo
tron Facility (IUCF - January 1990, 
page 20), that ring is limited to a 
maximum kinetic energy of 500 MeV 
and the imperfection resonances at 
the IUCF are strong enough to 
induce complete spin flip by them
selves. Thus a Snake experiment at 
the Brookhaven AGS is important to 
confirm the applicability of the partial 
Snake in a more demanding situa
tion. 

The 9° partial Snake was tested 
by an Argonne/Brookhaven/Fermilab/ 
Indiana/KEK/TRIUMF collaboration 
led by S.Y. Lee of Indiana and Tom 
Roser of Brookhaven. Installed in an 
AGS 10-foot straight section, it had 
an effective length of 2.286-metres 
and total of 402 wire turns. The 
Snake could be ramped to 4.7 T-m in 
about 0.6 seconds and produce a 9° 
rotation up to 25 GeV. With beam 
accelerated up to 10.7 GeV, the 
Snake eliminated polarization loss as 
the beam passed through 18 imper
fection resonances: the only losses 
were due to the three uncorrected 
intrinsic resonances in this energy 
range. 
The intrinsic resonances could be 

overcome using a fast betatron tune 
jump. (The fast tune-jump 
quadrupoles were not energized 
during this experiment.) Another 
possibility is to pass through the 
intrinsic resonances slowly enough to 
allow complete adiabatic spin-flip. It 
may also be possible method to 
excite coherent betatron oscillations 
during the intrinsic resonance cross
ing followed by transverse damping. 

At an Argonne seminar marking the 30th 
anniversary of the startup of the Zero Gradient 
Synchrotron (ZGS), Tom Fields and Roger 
Hildebrand (Chicago), two former Directors of 
Argonne's High Energy Physics Division, look 
over memorabilia from the ZGS research 
programme. 

Experimental studies are planned. 
The AGS partial Siberian Snake will 

allow the study of spin physics to be 
extended to polarized 250 GeV 
proton collisions in the RHIC ring 
now under construction at 
Brookhaven. This exciting and 
unique possibility should provide 
detailed information on the quark-
gluon spin structure of the proton, 
allow for detailed QCD tests, and 
provide a sensitive and unique 
approach in the search for new 
physics. 

by Haixin Huang 

ARGONNE 
ZGS symposium 

A symposium at Argonne on May 
6 marked the 30th anniversary 

of the startup of the Zero Gradient 
Synchrotron (ZGS), the 12GeV weak 
focussing proton synchrotron with 
uniform magnetic bending field which 
operated from 1963 to 1979. 

While a previous symposium had 
been held when the ZGS was turned 
off in 1979, the latest meeting pro
vided an opportunity to examine its 
longer term legacy in several areas -
applications of accelerator technol
ogy, further development of associ
ated technologies (notably supercon
ductivity), high energy physics and 
the subsequent accomplishments of 
the skilled teams that worked in the 
programme. 

The ZGS was the basis of the first 
major science programme at 
Argonne that did not stem from the 
reactor science and technology that 
had been the raison d'etre of the 
Laboratory since Fermi's first reactor 
in 1942, as was noted by Laboratory 
Director Alan Schriesheim in his 
opening remarks. The ZGS pro
gramme was also a pioneer in 
developing the organizational struc
ture that is now normal in "big sci
ence" - strong user involvement in 
both the physics exploitation as well 
as strategic decisions. 

The uniform ZGS magnetic field 
opened the attractive possibility of 
accelerating polarized protons and a 
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