
CESR-Cornell Electron 
Storage Ring 

w h i c h specif ical ly ment ions h igh 
energy physics as a f ie ld for coopera­
t ion — 'Scient i f ic and techno log ica l 
cooperat ion const i tutes an impor tant 
cont r ibu t ion to the s t rengthen ing of 
securi ty and c o o p e r a t i o n . . . in that 
it assists the effect ive so lu t ion of p rob ­
lems of c o m m o n interest and the 
improvements of the cond i t ions of 
human life'. ECFA considers that also 
in th is respect an internat ional h igh 
energy physics project on a very large 
scale w o u l d be a part icular ly impor ­
tant step. 

Leon Van Hove, Research Director 
General of CERN, rev iewed the act ions 
taken by CERN f o l l o w i n g the recom­
mendat ions of ECFA Work i ng Group 3 
ment ioned above. Some n e w pr in ­
ciples have been establ ished inside 
CERN to help smooth the w o r k i n g 
cond i t ions of v is i t ing teams. They 
concern part icularly the degree of 
technical suppor t suppl ied f rom w i t h i n 
CERN and its balance w i t h the t e c h ­
nical suppor t provided by home Labo­
ratories. Contacts w i t h Users are being 
expanded by improv ing the in fo rma­
t ion f l o w and by t ransforming an ad 
hoc 'Commiss ion of Associates ' to be 
more representative of the User c o m ­
muni ty . Finally the general quest ion 
of commun ica t ing h igh energy phys­
ics is being tackled by more effort 
on the 'publ ic in fo rmat ion ' f ront be­
g inn ing w i t h activit ies based on CERN 
itself. 

J o h n Mu lvey reported the recent 
decisions on future compu t i ng fac i l ­
ities at CERN (covered in the March 
issue) and Mervyn Hine of CERN 
descr ibed plans in Europe for tests of 
h igh speed data l inks using bo th 
g round links and satell i tes. In his 
usual provocat ive w a y he descr ibed 
th is as the so lut ion to the present 
prob lem of t ry ing to carry ou t a 
2 1 s t Century Science using a 1 9 t h 

Century commun ica t ions system. W e 
w i l l have an article on th is top ic in 
our next issue. 

A n e lect ron-posi t ron co l l id ing beam 
faci l i ty is being planned at the Wi lson 
Synchrot ron Laboratory, Cornell U n i ­
versity. The ^project calls for a r ing to 
be bui l t in the tunnel hous ing the 
12 GeV electron synchrot ron. The 
synchrot ron w i l l be used to inject 
bo th positrons and electrons into the 
storage r ing, w h i c h is designed for a 
luminos i ty of 1 0 3 2 per c m 2 per s at 
electron and posi tron beam energies 
of 8 GeV. Eventually, the energy range 
cou ld be extended to 10 GeV by 
increasing the r.f. power. 

The Cornel l faci l i ty is in tended to 
complement the DESY (PETRA) and 
Berkeley/Stanford (PEP) storage rings 
w h i c h w i l l operate at beam energies 
of 15 GeV and higher. These 
machines are designed for an op t i ­
m u m luminosi ty of 1 0 3 2 at 15 GeV 
beam energy and in the lower energy 
range of 4 to 10 GeV their luminosi ty 
is appreciably less. CESR is opt imized 
for just this energy region, intermediate 
be tween the presently operat ing 
S P E A R / D O R I S rings and the future 
PETRA/PEP rings. For beam energies 
up to 10 GeV, CESR w i l l have a 
luminos i ty several t imes greater than 
PEP and PETRA. 

One of the drawbacks of storage 
r ing operat ion is that all exper imental 
areas must run at the same energy at 
any one t ime. Also major co l l id ing 
beam experiments require many 
months to perform, even at h igh l um i ­
nosity. Thus CESR, operat ing at h igh 
luminosi ty and l o w overhead cost in 
the lowerenergy ranges, can investigate 
phenomena f rom 4 GeV to 10 GeV 
eff ic ient ly, wh i le PEP and PETRA 
press on w i t h explorat ion of the 
higher energy regions using their 
max imum luminosi ty. 

In May 1975, the Laboratory sub ­
mi t ted a proposal to the US Nat ional 
Science Foundat ion (NSF) for c o n ­
st ruct ion of CESR beginn ing in 1976. 
A l t h o u g h this proposal was st rongly 
suppor ted by the NSF, it d id not 

appear in the President's budget for 
Fiscal Year 1977. A new proposal of 
reduced scope was submi t ted to the 
NSF invo lv ing conversion to co l l id ing 
beam operat ion using 'operat ing funds ' 
augmented by less than t w o mi l l ion 
dol lars per year for three years. This 
proposal is current ly being considered 
by the NSF. By direct ing nearly all 
the resources and efforts of the Labo­
ratory towards this programme, beam 
cou ld be injected into the storage r ing 
dur ing the summer of 1979. By that 
date, const ruc t ion of a large magnet ic 
detector for co l l id ing beam exper i ­
ments can also be completed and 

Design luminosity as a function of beam 
energy for the electron-positron storage rings 
SPEAR, CESR and PEP IPETRA (PEP and 
PETRA being very similar). By increasing the r.f. 
power for CESR from 2 MW to 4 MW, operation 
can be extended to 10 GeV as shown. The high 
energy limit for PEP is shown for 9 MW of r.f. 
power with a total accelerating structure 
length of 76 m. 
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the exper imental programme cou ld 
get off to a f ly ing start. 

The NSF has recently approved the 
expendi ture of S450 0 0 0 dur ing 1976 
for the deve lopment of f inal designs 
and prototype components . This w o r k 
is proceeding at a fast pace w i t h 
everyone p i tch ing in wh i l e carrying 
on w i t h synchrot ron experiments. 
An imated discussions are held in all 
corners of the Laboratory on the design 
of the magnet ic detector. Physicists 
f rom Harvard, Rochester, Syracuse 
and other research centres in the 
northeastern Uni ted States are en thu ­
siastically tak ing part in the p lann ing 
for th is experimental faci l i ty. Proto­
type deve lopment of l iquid argon 
shower detectors and large cyl indr ical 
drif t chambers is already under way . 
J u d g i n g f rom the enthusiast ic re­
sponse f rom Cornel l 's 'ne ighbours ' 
w h e n the project was proposed, it is 
expected that more physicists w i l l 
appear (w i t h sleeves rol led up) to 
start w o r k i n g happi ly beside those 
already invo lved. 

The electron linac f rom the Cam­
bridge Electron Accelerator has been 
moved to Cornel l and w o r k is pro­
ceeding on the modu la t ion of the l inac 
beam and on the product ion of h igh 
intensit ies required for posi t ron injec­
t ion into the storage r ing. 

General description of the storage ring 

The synchrot ron and the 'separated 

f unc t i on ' storage r ing w i l l bo th run 
th rough the South Experimental Hall 
where , at the storage r ing intersect ion 
point , the separation between the t w o 
w i l l be increased to 5.3 m. The nominal 
separat ion between the orbits in the 
tunne l is about 1.6 m. The 'bu lge ' in 
the storage r ing is achieved by in t ro­
duc ing long dri f t spaces and a f e w 
magnets of higher than average f ie ld. 
The t w o long dri f t spaces w i l l be 
occup ied by r.f. accelerat ing cavit ies. 
For instal l ing the detect ion systems, 
the interact ion region has a free length 
of 7 m between quadrupoles and a 
pit depth of 3.8 m be low the beam 
line w i t h a pit area of 8 m x 8 m. 

The Nor th intersect ion region lies 
underground, at a depth of about 
15 m under the surface of a sports 
f ield on the Cornel l Universi ty campus. 
Due to ant ic ipated budget l imi tat ions, 
the present proposal does not inc lude 
a major experimental area at th is inter­
act ion point . (Earlier plans cal led for 
excavat ion of a n e w experimental hal l , 
inc lud ing a three-story underground 
bu i ld ing for associated faci l i t ies.) 
However , special ized smaller exper i ­
ments may be moun ted in th is area, 
where the total available space is 12 m 
long by 9 m w ide , w i t h an arched roof 
4.5 m h igh ( f loor to ce i l ing) . If neces­
sary, a pit may be excavated, to a l low 
a depth of 3 m be low the beam line. 
The free length for instal l ing detect ion 
systems in th is interact ion straight 
sect ion is 5 m between quadrupoles. 

The bending magnets and quad ru ­
poles are designed for a peak operat ing 
energy of 10 GeV and the r.f. system 
is designed for init ial operat ion at 
8 GeV (2 M W ) . Add i t iona l power 
w o u l d give eventual operat ion at 
10 GeV. The vacuum chamber is of 
extruded a lumin ium, similar to the 
SPEAR design, w i t h a bu i l t - in water 
channel to absorb the heat deposi ted 
in the wa l l by the intense synchrot ron 
radiat ion. Distr ibuted sput ter - ion 
pumps w i l l be instal led w i t h i n the 
chamber in the bend ing magnets, to 
cope w i t h the desorpt ion of gas by 
synchrot ron radiat ion. A n average 
pressure of about 2 x 10~ 8 torr w i l l be 
mainta ined w i t h bo th beams ci rculat­
ing , g iv ing a beam l i fet ime of about 
12 hours. 

A synchrot ron radiat ion faci l i ty w i l l 
be available to make use of the 
intense, co l l imated beam of X rays 
available f rom the storage r ing. 

Injection and stacking of beams 

In order to achieve adequate average 
luminosi ty , it is crucial that in ject ion 
of electrons and posi trons be accom­
pl ished in a t ime w h i c h is short c o m ­
pared to the useful ' luminos i ty l i fe­
t ime' . The storage ring is designed for 
single bunch operat ion. The relatively 
long damp ing t imes w o u l d require too 
long a wa i t be tween successive 
's tack ing ' of s ingle synchrot ron beam 
bunches into a single bunch c i rculat-
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Floor plan of the South intersection area 
of CESR, in the main experimental hall. 
The synchrotron and storage ring are 5.3 m apart 
at the interaction point while in the common 
underground tunnel the separation is about 
1.6 m. 

ing in the storage r ing. A n ingenious 
'vernier phase-space compress ion ' 
techn ique proposed by Maury Tigner 
w i l l be used to overcome this d i f f icul ty. 
It uses mult ip le bunch accelerat ion in 
the synchrot ron for f i l l ing a single r.f. 
bucket in the storage r ing. A t 8 GeV 
the posi t ron f i l l ing t ime w i l l then be 
2.4 minutes wh i le the higher electron 
ou tpu t of the l inac gives an electron 
f i l l ing t ime of one minute. 

The in ject ion for posi t rons proceeds 
as fo l lows. Sixty evenly spaced b u n ­
ches are injected f rom the linac into 
the synchrot ron and accelerated to 
8 GeV. These bunches are all extracted 
f rom the synchrot ron in a single turn 
and injected into the storage r ing, 
where the betatron osci l lat ions are 
a l lowed to die d o w n wh i l e the syn ­
chrot ron receives and accelerates a n ­
other burst of 60 bunches f rom the 
l inac. These are then stacked on top 
of the bunches already c i rculat ing in 
the storage r ing. The w h o l e process is 
repeated at 60 Hz, unt i l the total re­
quired charge has been accumulated 
in the 60 bunches in the storage r ing. 

The vernier scheme is used to 
coalesce these bunches into one 
bunch . The c i rcumference of the 
storage r ing is larger than that of the 
synchrot ron by one bunch spacing (L ) 
and this provides the vernier phase 
di f ference between the synchrot ron 
and the storage r ing. There is thus an 
extra space, L, be tween the first and 
last bunches between the 'head ' and 
the ' ta i l ' of the 60 bunch train in the 
r ing. 

The first bunch at the head is 
extracted f rom the storage r ing us ing 
a fast extract ion scheme and reinjected 
on to the equi l ibr ium orbi t o f the 
synchrot ron at the peak of its cycle. 
The bunch travels around the synchro­
t ron (advancing in phase w i t h respect 
to its compan ions sti l l in the storage 
r ing) unt i l it reaches the extract ion 
kicker, where it is extracted and re­
in jected into the storage r ing. This 

bunch has n o w advanced in phase 
as compared w i t h its init ial posi t ion. 
On the next synchrotron cycle, bunch 
number 2 is wh isked f rom the storage 
r ing and sent into the synchrot ron for 
an extra turn past the extract ion point 
to gain a ful l bunch-spac ing L on 
bunch number 1 , so that w h e n re­
in jected into the storage r ing it 
co incides in phase w i t h bunch n u m ­
ber 1 . Then bunch number 3 gets the 
same treatment, except that three 
revolut ions in the synchrot ron are 
a l lowed before reinsert ion into the 
storage r ing, where it coincides in 
phase w i t h bunches 1 and 2. 

This rout ine is repeated 60 t imes 
in al l , the last bunch mak ing 60 cir­
cui ts of the synchrot ron to catch up 
w i t h the first bunch . In order to a l low 
tho rough damping of the betatron 
osci l lat ion between bunch manipu la­
t ions, the cycle rate is kept at 30 Hz 
w h i c h gives a total t ime of 2 seconds 
for ' bunch compression ' . 

Various stages in the positron'bunch compression' 
scheme for CESR. The top line shows part of the 
train of 60 bunches in the storage ring after 
repeated 'stacking' cycles. The second fine 
shows the situation after bunch number 1 has 
been extracted from the storage ring, sent once 
around the synchrotron and reinjected into the 
storage ring. Bunch number 2 is then extracted, 
sent around for two revolutions and reinjected into 
the storage ring, coinciding in phase with bunch 
number 1, giving the situation in the third line. 
Bunch number 3 has three revolutions around 
the synchrotron to give the result shown in 
the forth line. The process continues until all 
bunches are compressed into one r.f. bucket. 

Magnetic detector 

To examine as w i d e a range of pheno­
mena as possible w i t h l imited re­
sources, effort is concentrated on 
prov id ing a single large, versati le 
detect ion system to be instal led in 
the South interact ion region. Various 
schemes are being considered for the 
ideal magnet — ' t h in ' superconduct ing 
so leno id , convent ional so lenoid, other 
more open geometr ies a l low ing access 
to the inner detectors, etc. No decis ion 
has yet been made, but partisans of 
each scheme are preparing their cases 
for the f inal select ion. Prototype w o r k 
on var ious particle detectors is pro­
ceeding and the detector is expected 
to be ready w h e n the first stored 
beams are available in 1979. Further 
detai ls of the chosen magnet , etc., 
w i l l be presented as the design w o r k 
progresses. 
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