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ABSTRACT

THE DESICN OF THE STANFORD 3-CeV ELECTRON-POSITRON

STORAGE RING

John R. Rees A
Stanlord Linear Acceleraltor Conler

Stanford, Calif'ornia

The Stanford B—GeV'storagé ring design has been revioed Lo.
incorporate long straight sections having very small wiibloos of the
vértical B-function at their centers. ''he beam reaches « wminimum
in vertical dimension in the center of a H-meter-long frée spuce
for high-energy detectors. The displaccment ol the equilibrium orbit
for off-momentum particles is zero throughoul Lhe prerimental reglous
and 1ls uwraffected by adjustments of the interaction-region quadrupoles.

The rf power provided is 1.3 megawatts. 'The Juminos ity ranges [rom

20 ) 1 L9
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1.3 x 10 om sec at 3 GeV up to 0D x 10 al L.93 CGeV. 'he considera-.

tions leading to the design will be discussed.



THE DESICGN OF 'TUE STANFORD 3-CGeV BLECTRON-DPOLTIRON STORAGE WING
John R. Rees
Stanford Linear Accelerator Centor

Stanford, California

In an earlier paper, B. Richter has described the basic design
ecriteria for a high-energy electron-positron storage ring capable of do-
ing experiments in both electromagnetic and strong-interuction physics.
This paper describes the SLAC storage-ring design bascd on these crdteria.
Considerations of couplings and some non-linear ofruvts are vaVvod_LU
another paper by P. L. Morton. ‘'lhe desipn ol Lhw'dvhucturs tor Lhe HIAC
storage ring 1s the subject of slill another paper given by A, M. Boyarsk i,

The design of the 3-0eV electron-positron storage ring proposed Lo b
built at the St&nfofd Lincar Accelerator Center has been yvVWSvdgthfn yuar
to incorporate long straight secctions having very small values ol bhe
vertical beta function at their centers -- the interaction regions.  fn the
course of the revision, all of the major systems were roviwwvd, and - Lhe
resulting design is described in this paper. ‘he principle contributors
to this work were M. Allen, G. Fischer, E. Garwin, P. Morton, B.‘Richtor,

J. Walling and the authbr. '

The SLAC storage ring is to be filled with electrons and positrons
extracted from the two-thirds point of the two-mile linear accelerator. 'l'he’
positréns will be produced in a radiator at tho one-third point. _T%c SLAC
linac is now in operation at beam-power levels up Lo LHO kKilowsbtls average atl
the one-third point, corresponding to an average positron current of about

5 13

1.5 microamperes or 107~ positrons per second, and we anticipatce that these
figures will be at least doubled by the time the storage ring is bullt.
This current can be delivered at any energy at which we wish to operate the
storage ring, and the pulses can be delivercd in many desired time patterns,
while the remaining linac output is used to service other experiments.

Fig. 1 shows the situation of the storage ring at the two-thirds point
of the linac. The ring itself is covered by a thick re&€nforced concrete hous-
ing which provides the necessary shielding. A high bay spans the diamcter of
the ring between the detector areas, and the control room and clectric sub-
station abut the high bay on ¢ither side in bhe middle of the ring. Jhe input

beams from the linac follow the Y-shaped tunnel, part of which already exists.
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The main feature of our neﬂ désign is bhe use in the mapnet latlice
of special insertions in which the beams are focussed Lo biny verticnd
dimensions at the place where the bunches coLlide'with the resulb thal Lhe
luminosity is increased two orders of magnitude oVer that of our previous
design. The calculated luninosity is shown in Fig. 2. The curve marked
MODE A refers to the case in which all rf buckets are filled wnd the cross
section of the beam is adjusted so that the beams are atl the incohercil
Courant limit, Avv = 0,025. Coherent instabilitles arc assuned to have
been controlled by feedback. 'The circulating current ic adjusbed Lo kecp
constant radiated power; it varies as E-M. th;cuyront correspond ing Lo Lhe
maximum luminosity is 24 amperes, each beam. 'The beams will be keplo soprernbed
by electric fields outside the internction regions, bul, because ol Lhe uh—
certainties about the effects of the weaker, bub sLill important, 1}ﬂ«xw;
between the separated bunches, we cannol be sure of achicvine the luminowilies
caleulated for MODE A in which we ignored these cliechs.  lowever, we are qﬂLLw
confident of achieving Lhe luminosities griven by Lhe curve lablod MODE B An
this mode, we shall fill only one bunch in cach beam, and these bunches will
encounter each other only at the interaction regions. In this case boo, we
shall adjust the beam cross sections to the incohierent Limit, and the drop
in luminosity at lower energiles 1s due Lo aperture limitations_on_the beam sive.

Fig. 3 shows the layout of the storage ring. 'The basic structure, exclu-
sive of correcting devices, has two suporperiods, and 1t is symme Lyie aboyl
the centers of the detectors. Each supcrperiod comprises five separated-
function AG cells and a set of special elements belonging to Lﬁe insertion.

Many of the parameters are listed on ¥ig. 7.

The Magnet

The magnet gap was chosen to be 10 em high by 38 em wide. In choosing
the width, we considered primarily the damping times at 3 GeV, the repetition
rate of the SIAC linac and the cost of the namgnets. The 38-cm width crables
us to inject every other pulse without losé of particles from the preceding
injected pulse. A considerably wider pole would be required Lo tactlitale
Filling on every pulse at Lhe 360 pps roepelibion rote o Lhe 11 rm,(-,‘:i,ml, in
vicw of the shorb CLETinge Gime ol 3 teV (1 seeon Ib) , bhe cxbra conlowag ol

decmed Lo he wivrronbod,



p height was chosen Lo allow reasonab o gpace For accommodalt. o
large currents with sepurated orbils. A subotanbinl gmap belehl o o
paramount importance tor large currents becouso of the incoberent Thmil,

The radial and vertical betatron frequencics are ad ,‘m:{i_,ahlp. The
basic design criteris imposed on the Jabblice wore the Lollowing:

(1) That the ring be tunable, so that the best operaling point could
bhe found, and, in particular, so that a poinl Just above an integral resonance
can be reached in operation; :

(2) That the value of the vertical beta function at Lhe inlornction
region be adjustable in operation ; and

(3) That a value of the vertical beta Tunction at Lhe inbermweLion reedon

a5 amall as 9 cm be reachod.

These criteria are all met. The tunes glven on ig. 3 are Lypical Lunes lor
injection. Electric gquadrupoles (BQ) arc-ineloded in Uhe desipn Lo oplit Lhe
belatron fregquoncies ol Lhe clectron and positron benns Lo weaken Lhe Lendency
Tor two-beam coherent oscillations. KElecelronde tPeedbacok systoms are also .
planned for this purpose.

Our approach to designing the latbice wag Tlrst Lo design o symmeblric
AG cell and then to design an insertion with o long straishi scction to be
inserted at a symmetry point of the cell. Then we puf’t; the machine btogether
out of these pieces. |

The betatron functions of the cell arc shown in Fig. 4. The strocture
of the cell and some of the param.etefs are &lso shown ai the 't,op 0f Lhe Tigure.
The bending magnets are rectangular; they produce no radial focusing. Conse-
quently, the radial radiatlon-damping rable is cqual to Lbe vertienl damping
rale. 'The straight scction in lhe cell, which ig Lo be used For a varicty
of things already planned and, probably, an cven preator varicly not yoel
thought of, is three metors .Lr.)ﬁgg. In this connection, 6L o vorlth mention-

ing that the circunterence factor of our ring, Lhe rmtio of Lhe bending
il t.)

racd Lo
- s 3 P 7Y B . o

Lo the gross radius, i 0.3, guite bmall by cynchrobron siandards.  ALhougsh

costs could be reducod by Dol td g oo omad Lo ring wibhe cu Laoryer clreumloreones

Frgetiyr, we Toel Lhal doinges so would e Pobae coapomy hecsunse of Che rononabas

of space nceded for Lhe vacium sysbom, Lhe olecbiondon, Lo el oynbem,  Lhe
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correcting systems, and, most important, the ad hoce devices which will

ultimately be necded Lo achicve productive oporabion.

The betatron functions for the insertion are shown in e, . The
cenber of the abeissa is the interaction region arnd {’.v Uy oem Lheve in
the case plotted. The value of l":v al the inlermelion roglon o vaoriable .
The origin of the abeissa in Pig. ' is, for conwenicncoe, o symmcbry poiod
of the cell; 1t matches to the end of the abolissa or I"i;j.:. I,

The insertion was designed in two :;,‘t,m'xs. The secbion from ce,i"‘l Lo
the end of the third bend (BD) from Lhe Left i1s a "womentum-cance ! Ling”
seétion. By means of this set of elements, all ol which arc standard eoll
components, the diaplacement of equilibrium orbits ror mt!":L‘—nn:mwnt,um parl e bos
is reduced to vero throuwghoul the central region of Lhe fnsorbion.  Thic done,
ad justments of the beta Tunctions at the interaction region have no ollect
on the displacement of off-momentun eguilibrinm orbibs ontslde the inscorbion.
‘The momentbum-cance Lling section was siuple to desipny, and, since larpe vit Lien
ol both beta Dmetions are requirved at €, Lhe opoece reguired cost !\UHI‘IIII,“}.

Following the mowentum-cancelling soction is a0 sl b=dreilb=donbict
25

combination {or producing the small verbica! bola ot Lhe inlermebion vegrion.
No effort was made Lo specify the radial bets unction. LL s possible Lo
omit the singlet Ql_ and produce a specified value of (5v , bub Lhen atl
parameters are completely fixed, and the wvaluc may not be adjusted withoub

moving magnets. Q. provides for this adjustment in operation. This leatlure

1
was originally deemed desirable for injection, although our present opinion
is that it will be unneceséary. As beta is adjusled, the tune, of course,
changes, but not wildly. For example, in the change from BV = T em Lo
Bv = 111 em, the Verf,ioal tune changes by -0.0% and the radial bune by 0. 3.
These changes can easily be compensated by btuning the ecils.

The choice of % cm for the mindmum vebue of (*V_ all the interaclion
region was made on the bagis that Lhe Lransverce momeonbo in bhe boeam ohonld
not contribufte more to Lhe crrors in Lhe detcrmination ol Lhe nunﬁ(-nt.u o

the reactlon products than the measurcoment creeors in Lhe delecbar.

The Injection System

The injection system is shown in Tig. O, 'Ihe posibrons and eleelrons
are produced in s radiator at the one-third point ol bhe Tinwe aoed cxbise bed

by a pulsed magnet from the two-thirds point. The Lransport system to the
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storage ring consists of one achromatic systom Lhrough which bholh posi-
trons and electrons pass Lo bhe splittor magnct followed by Two sepirate
achromatic systems, one for cach kind of particle, Lo carry the particles
to the inflectors. The inflectors, which arc soplum magencls, ave oo tbod
symmetrically in the ving.

The fagi-orbil-porturbation melhod of injechion is uscd.  Pwo kicker
magrets {perturbators) produce an orbit dislorbion which brrdnges Bhe sbored
beams near the sephm=type AnUleebion megncba vhor 0 how pdse i Lo he
injected. Arter the new puloe Do D the ring, Lhe Rickers o Luruwd'urf
in about three revolutions during which Lhe new pavticlon, cavonbingg
coherent radisl betotron oscillation, do nob reluwm Lo the vieinily or the
inflectors. ‘''mis methol was selected over Lhe non-coptun polacd-iallecbor
method in order to gain vertical aperture in the injection channel (without,
losing horizontal aperture in the ring) in canc we have Lo indect jerbicles
onto vertically soparated orbiis.  The dnllecbor negmels arc, In Cael, pabsed,
but only to reduce the duly cycle in Lhe Luberost ui:l" thivming the seplang
they are pulsed Slf)wly compared Lo the kLo v

A unique feature of the injeclion brancport system s Lhe nse ol the
double-gapped alternating-gradient magnels in the part of the Lransport
gystem common to both kinds of particles. ‘these pagnets, shown al the Lop
of Fig. O, are used in doublets in Lhe Mrest achromabic bewd.  Kloetrons oo
positrons pass through opposile sides ol the AG doublets and Lhrough Lhe
middle of the field triplet (quadrupoles), and they can be handled on alternate
pulses without magnet switching. Thus we have the capability ol t11)ling with
both particles at the same rate and on interlaced pulscs i il proves necogssary
in order to control instabilities.

The filling time for 1 ampere in cach beam al 3 GeV is caleulated Lo
be L second, and for oW anperes in cach beam, roguired el max b Loaminosi Ly
(Bee Tig. 2.), aboul % minubes. The DIAC Linwe also has Lhe capab il iby Lo
operate with very short pulscs ol higher currents, Lhe Lolad <-h:u-,w:,n~ in Lhe
raloo remaining nearty conclant. o a0 singcle Donveh o ccveh Do e b
Pilled to thoe same olrealabing corpent wibh PTUELG Tnercnne o Gl binge Lime.
These high Filling rates are, ol course, crucial Lo Lhe high fbominosiLics

of the GLAC design sl low cncerglos.
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The Vacuum System

The calceulated gas Lloud 1n bhe vacoum sysbem do baned onoan cxbrapoio-
tion from experionce with the Princobon-Glantord HO0-Mey cloraes rings aecord-
ing to the law

' . Do e
Cavs prodaction mle o oy / C /

where v 1s the relativictic Imelor, o fn Lhe wnad fur off crorvibanee d
is the circulating currenh, bub reduced v e tor of Clve owing To bhe e
of the aluminun vacuun choabee deseriboed bolow,

The: bend i.bl.‘l.;_j;—mzL;':]'u--':l. vive e chanlae e i whown o erone socidon T Wip, .
The chamber will be Lopned by exteading solominan wibh fhe cont o and bitke -
out-fluid channels as shown.  The synchrolron rwelinct fon witl e ahooybeed
directly on the chamber wall, which will be corruppiied attber cxibrusion wo
that the radiation will strile al more nearty norma! tneldence, on Ll ave mee.
The use of aluminum is advantageons in fbwo wayvs.  'The clecbron desorpbion
coefficlents for aluminun are aboub a (acbor of bwo leogs bl Lhose for gtain-.
legs gteel or copper, and pholoelectric yicld 1o down Trow Lhat o1 those Lwo

metals by a factor of two or more.  'The less obligue angle of doceildence will
reduce bhe photoelecthric yicld relative Lo thal o Lhe Princoton-tantord riog s
hy a factor ot threc or fowr. Woe csbimale conscervabively Ll Bhe presend
design reduces gas loads by a nol factor ol Uive wilth regpect Lo a Plal sialn-
less steel surlace,

>

For clearing and sceyaraling Ulcid clocbrodes, we have adopbed Lhe Proceatd

design using an array of wires as shown on Pig. (. ‘he tolerances on Pleld

gradients to avold intolerable couplings belween horisaontal and verlical
mobtion are stringent, but they can be mel with bhese structurcs.  ‘Thesoe Loler=
ances are discussed at this meeting by I'. L. Morton in another paper.

In our earlier storage-ring ("Jesign, a distributed cryogenic pumplryg
system was proposed to handle the gas load. In the proscont <esign, bthe

cryogenic system has beon eliminatod For Lwo roa

irst, Lhe uso ol the
corrugated aluninum :r':.—.-l.("J.iéﬂ;i.OH cateher roducos Lhe s Tomd, and, :;w'a,)l'ui‘, the
s of shortey boending maonoebes sl Lhe wiro oo leoden diercanes Lo condine -
fanee ol the chambe o b facen parps. The Toenbions of Lhe pamps, 1000=1 e/

greond dlon gebber punps, aore shown dne Pigese 450 Che Lobtadl pumpings gpeod o

G000 Titers/ac e



A computer calcuwiation of the pressure profiic has boon meude, and
the average partial pressures arce given in Mig. (o 'The nel beam hall-

life due to. gas bremsstrahlung is 4.3 hours at 3 GeV.

The Radiofrequency System

The radiofrequency chosen is "0 Mi» which corrosponds Lo a harmonic
order of 36. Af frequencies of the order ol the orbital Croquency, 1.39
Milyv, the advantage of tiﬁ: low-bota Intorachion rogion 16 vitialed and it
is very difficult to avold coramic wgap tosulalors wibth high volinges aeross
them. The highest frequencies considered, around HOO M, lead Lo a4 wore
costly system and, we fecl, are dangerous from bthe point of V“if'v.-' o tonbabi -
ities, both ecoharent and incohercnt. 50 Mibv scencd an excellent comprowise.
The layout of the system is shown on Fipg. 3. there are uix'uwvvlvrubinﬁ.
cavities, each with its own 210-kilowatt ri amplificr. A skeleh ot Lhe
(currently preterred) cavily is shown in Iig. 8, along with some ol the
relevant paramelers of fhe rt system. The total deliverablo power from the
amplifiers is 1.3 megawatts. ‘'The synchrotron radiation loss al 3 CeV is 0.5073
‘MeV/turn, so the power absorbed by two l-amperc beams al thalt encrgy is 1.13

atLes. We plan ho dissipate I/IO that much powcer in the system. An

mes ge

1%

interesting feature of the cavity, which is an evacuated aluminum structure,
is the counterflow heat exchanger bto remove the heat produced in the conter
conduetors.  The heat exchanger is desipned consorvatively to bandle 15
kilowatts, corresponding to a total peak voltage of 880 kilovolts on the
system, the design [ligure for 3 GeV. The cavily can probably be operated
at considerably higher levels.

To ensure the stability of the beam-cavily system againsl coherent phasw'
oscillations, the cavities will be equipped with scrvo-conlrolled tuning and
matching networks. The whole spectrum of cavily resonances will also be
studied,and steps will be taken to eliminalc dangerous higher resonances belore
the final six cavities are fabricated. Also, the rf amplifiers will be
Tlass B with wide-band amplitude and phase modulation capabilitics to

facilitate the use of feedback,.

Corvrecting Devices

Filee 3 shows, Intorsperscd in Lhe nogone b datbice, ooverad correcling

o

doevicrs.  Ooxbupolo magnebs, some of which are nob shown, will be uoed to
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cancel the dependence of bhetatron Frequency upon momenbum and Lo

canrel the driving terms for the third order non-lincar resonances.

The gextupole Fields are the Lopic of another papor glven ab bhis woel-

ing by P. L. Morton.

Elecbtric gquadrupoles were montbioncd above,
Skewed qguadrupoles may be necdod Lo corpeceh Tincay conplings cansod,
Tor example, by the delector.

Broad-band Tecdback syaiens are plinmed Lo damp cohevenl oned L lor .

Beam Lifetime
The two dominant effechbs on beam Lifetime are bremsstbmbboygs on bhe
residual gas and the Touschek oifeoct.  Thoe

STAG st

Lol ber boecome:s Tuporiant in Lhe

rage-ring design because of the low-bela Inbereebion reggion

whe e

the bunch volume is small. The Touschek VLircbimes ave (05 honrs al 3 GeV

and 2.9 hours aft 1 UcoVe  The total Tiletimes aore 203 hours ol 4 CoVoand

1.3 hours at 1 GeV.
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Figure Caplions

Fig. 1 Plan view of building lwyoul, ot Lwo-thicby polonl o i,
Fig., 2 Computed luninositics,

Fig. 3 Component layoul ol shornye ringn.

Fig. bt Beta functions of the vormal cell.

Tig. 9 Peta functions of the inscriion.

Fig. O Injection system including beam Lransport From Lhe Dinae.
Fig. T Vacuum chamber crass seclbion in o bending maene b,

Tig. & Evacuated radiolrequency cavity.
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LUMINOSITY IN NUMBER/SEC/cm?
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3 IN METERS

Component

Type of Component

Ficld or Gr:uliuh_tﬁvzgt__.'}_g}gy

QD Defocusing Quadrupole. - 601 gnuss/em
BB Bending Magnet (n-0) 7.859 kilogauss
Qrl Focusing Quadrupole 669, 9 gauss/em
Q1 Defocusing Quadrupole -~ 32.6 gauss/cm
Q2 Focusing Quadrupole 372.2 gauss/cm
Q3 Defocusing Quadrupole - 676.9 gauss/em
8w o K ~ o o &
g B2 & 8 g s 8 & 29 &
©w & 3 owpg NOEQ o o moﬁ‘“\)‘. GOOw & O 0o
o o~ o~ o < = I o l o - <+ o [V o
L | | |l i I IIH L1 il | e
gee] (eal1[8B]0 (I N I 0 (B8] [BE 0feelld
QD QF, Q a4, 0 | Q3 Q, 9, OF, ao
SO S— S —eieen-— 48 METERS = 8)\ RF s -
WO T T T 1 N S E R
130
{20
1o
100
90
80
70
60
50
40
30
20

1O =

18
DISTANCE IN METERS ——»

21 24

Fig. 5




Parameters of Injection Transport System at 3 GeV

~
N
P
&) ‘Q
‘9«}:}0
&
EXTR RS s ALTERNATE s HICKER
XTRACTORS R GRADIENT e 3 R s
Biros SECTION _ ArA
3“ INFLECTION  SEPTUM
\
4
SHIELDING B
et WALL Y )
T OFIED E
L TRiPLE EXISTING TUNNEL Q. o
¥ »
Q. -
o @ A
i v %5
bhody o TUNE U
- B IDUMF‘ -
oy S8
! /’ B
ENERGY i a a, . ~.~B
SLTS [ o
SPLITTER Dy O P
ACCELERATOR : @,
posen B2 METERS ]
-
DILTORTION OF Kikpp
EQUILIERIGM  OREINT
renpded) T
No. of : . .
Magnots Magnet Length ield Gradient verl.| horiz,
Required | Designation Meters Kgiuss gauss/em | em | e
3 Fixtractor .85 2.0 0 .6 1.0
4 Gradient Bends| 21,5 12,2 n 8,8 1.6 5
2 Field Triplet | .37 -900 AT
1 .15 +860 4 7
1 Splitter 1.5 6.9 0 ’ ] .4
N ¢ s
4 Ql,S,G,IO D +720 1.6 4‘
4 I3 o
4 Q2,4,7,9 .o G:30 1.6 4
2 Q4 .5 1700 1.6 1.2
g,
8 Bonds 1.5 0.6 (VI 2.0 1.5
2 Seplum 1.0 10,41 0 L2 )

Fig. 6



AINNVHD

gl

LNAO3IMNVE
TNV

ONNOOT~ Y

€00 1301 5 0T x

0D 1103 50T x

¢y 1303 6-01 % 12

CH J03 095 /S IOUT 000 “ZET

03 Zx oD
‘00 103 995/SI3AIT 000 ‘1€

0ol

1808 m.m.ﬁ ‘12915 SSOUIEIS pue
#1-1909 2d{} ‘wrnurwny

uwmmommr

585 191198-u0]

spaadg 3urdung

[GISEREI

wais{g wnndeA
TS
gl
ABED S

STINNVHD QN4
LNONVE 3NV ONIMO0D,

X
o Ko . ,,/;O\Y\X‘K.ﬂ / /M/ ‘JNMA,%DQ A
2 3 Y . . .
QA " e i
who.m [ \  NOI93y dV3I0 AVLS Wv39
4 M
2 0 T . .!I v T — —
V\Wx 2 %> ) '- T
"0 5 TR XIS,
Y A A /RN\ T
gIAGWVHI WNNDVA - ~— : )
WONIWOTY NOILYINSH: /fe.mmaomhuudw 13 SNIgT3ID

L]




8 ol

_co

L (YTWeHOXT
L LIH MOTASTINGOD) ~
FTLM ONVITOOD-

a

x A N ~ ~ ..u.\.
hﬂ(%lﬂ..v..\w‘ B e e S P P e S ;11 IHMU.
B S T ST
77 R
_y ! = - =z i iy

sungsbow /1)
0 Y SISTS AINIHS

. D QTN INFD FO TGN
ZaH 0% AONINOIFE S
L 9¢  FITHO IINOWSVH.

yosd -
S3040634 08GY - A2 £ 78 SPON T/

Spponobou Ja/

- MIMOS 4 XEH
000Z) T AHD HIVF. 20 O

ALINGD HIOVT ]

WTLSAS ST



