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Abstract

This paper describes a project for providing SSRL with a dedicated injector
for both PEP and SPEAR by upgrading the SPEAR 3 GeV injector syn-
chrotron. a 1) Hz cycling syuchrotron scrved by a 150 MeV linac capable of
aceelerating 10' or mwore electrons per eyele now under construction f1]. te
function at b GeV o transporting the eleckron heamn throngh a 240 w long
tunnel bo PEP. Atter injeetion ab 5 GeV., the encrgy of PEP will be raunped to
G-10 GeV for most anticipated dedicated operation for synchrotron radiation
rescarch 2. As an interim dedicated injector. it will facilitate the utilization
and developient of PEP as a syuchirotron radiation source untit a full energy,
dedicated injector is wirranted.

Introduction

The Stanford Synchrotron Radiation Laboratory (SSRL), a national syn-
clirotron radiation facility, operates 22 experimmental stations on SPEAR, and
two on PEDP. Both storvage vings now nse the SLAC linac as an injector.

The increage in energy of the SLAC linac to 50 GeV, and other modifica-
tions made to it for the SLC program, have decreased the availability and
increased the cotuplexity and cost of using the linac as an injector to SPEAR
(1.5 3.0 GeV) and PEP {5 15 GeV), with serions negative cougequences on
the synchrotron radiation research prograu on hoth of these storage riugs.

These cirewnstanees prompted the SSRL proposal to constrnet a dedicated
3 GeV SPEAR injector so that the large synchrotron radiation research pro-
pram on SPEAR can be more effectively pursued. The SPEAR injector is
now in constrnetion and seheduled for completion in 1999,

PEP now has two nudufator beam lines that have been used parasitically
during colliding beam operation aronud 14 GeV and briefly tested during ded-
icated low emittance operation at 7.1 GeV {3.4]. Dwring the low cmittance
tests, an emittanee of 6 um radiaus was measured with the normal daniping
partition and 4 wm radians in a briet test with a wodified damping partition,
making PED the lowest endittance, highest brightness X ray synchrobron ra-
Jision sonree in e world. This has led to increasing interest in the use of
PEP as a syuclrotron radiation source and to tlhe study of ways in which
injection to PEP ean be achieved other than with the SLAC linac [5].

Iu this paper. we present a stidy of injection to PEP by npgrading the
SPEAR iujector so that its peak energy is increased to 5 GeV oand bringing
this beats to PED viaa 240 nicter long transport. system (see fignre 1) located
i a tunnel comeeting the SPEATR iujector to the present electron injeckion
line for PEP. The upgraded synchirotron would theu serve ag injector to hoth
SPEAR and PEDP. an effective and cconomical arrangenient (See also {6]).
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Figrue 1: Overview over the Proposed Injector for PEP.

The SPEAR iujector is designed so that a positron source can he added
Later. This use of positrons in both SPEAR and PEP would eliminate the
problems that are frequently encountered with positive ion trapping when
electron bears are nsed.

Sinee most dedicated synclirotron radiation operation of PED is now an-
tivipated 1o be at clectron energies above 5 GeV, ramping of the electron

*Frnding for this research has been provided by the DOE wnder contract #DE-ACO3-
82ER-13000. Ottice of Basic Buergy Seiences. Division of Chentienl/Materinl Sciences.

energy after injection will be necessary. Although this is less desirable than
full encrgy injection, this approach provides the most cost effective and rapid
way of achieving injection to PEP independent of the SLAC linac.

One possibility for a Full energy injector would be i higher cnergy syn-
chrotron {about 10 12 GeV) located in the PEP tunuel nsing the SPEAR
injector as a pre injector via the transfer line. The cost of snch a full en-
ergy injector wonld be substantially reduced by not having to provide a pre
injector and by nsing small apertire maguets, since the aperture requireinent.
wonld be reduced with the high injection energy that would he available.

Booster Synchrotron

A major part of this project will be the upgrade of the 3 GeV booster
synchrotron that is now mwnder construction by SSRL as a dedicated injector
to SPEAR [1]. The upgrade to 5 GeV will not change the layout nor the
lattice of the booster, Table 1 Hsts the paramcters characterizing the booster
synclirotron showing valnes that are relevant to 5 GeV where applicable.

Lattice Type: FODO
Magnet Structure: separated function
Cell Length: 6.683 m
Total Nunber of FODO cells: 20

Bending Radins: 12 11
Bending Fiekd: 1.4 T
Beam Emittance / E*: 21 mn rad
RF Frequency: I08.54 MHz
Harmonic Number: 160

Montcutiin Compaction: 0.03335
Revolution Frequency: 2243.28 kHy
Horizoutal Dampimg Thne: 1.927 msec
Vertical Damping Time: 1.966 msee
Encrgy Damping Time: 0.469 msee
Energy Loss Per Turn: 4.61 MeV
RF Voltage: 7.52 MV
Bunch Length: (1 o) 2.74 om
Energy Spread: (1 o) 0.123 Y
Energy Acceptance: 0.65 Y

Synchrotron Fredquency: 711 kHz

Table 1: Main Paramecters of Hhie Booster Synchrotron

RF System

The SPEAR hooster RF systenn uses asurplus SPEAR 3568.54 MHz cavity
and klystron. The additional voltage necessary for 5 GeV ooperation will be
cupplicd by thiree additional RF cavities, of the former SPEAR IT RF system,
driven by two klystrons. The difference between the frequencies, of the PEP
RF systemn (353.21 MHz) and that of the booster synchrotron complicates
multi bunch injection as disenssed later,

The average power required for 5 GeV ooperation iz 50 kW, assuniing that
the voltage is modulated with beam encrgy and the RF voltage is reduced
to zero in the descending part of the 10 Hz maguet eycle, thab is after the
b GeV heam is extracted. The peak power requivement is 400 kW.

Extraction System

The booster synchrotron will be nsed to accelerate either a single bunch
or a short train of bunches. When the clectrons reach the 5 GeV extraction
energy, a fast vertical extraction scheme will he nsed to extract all bunches
in one turn. A ferrite kicker maguet will be powered by a delay line pulser
50 that the rise of the maguetic field oconrs during the time interval between
passages of the bunch train at the kicker. The kicker will deflect the clectron
buuches horizontally by about 3 mrad into the gap of a Laibertson sepban,
which kicks the bunches vertically by abont 63 mrad. The magnetic ficld of
the kicker maguet is kept constant for the time that the bunch train ueeds
to pass the kicker magnet. When the magnetic field of the kicker magnet
is set bo its maxinnom value, the design path is lead into the septwn. The
aceeptance of the septinn gap is large enouglh to accept & 3 @ of the horizontal
emitbance of the electron beam. With the electrons inits gap, the kicker has
ouly two states: either switched off or seb to its maximum value. Therefore.
the electrons stay either on the design orbit or they are lead into the gap of
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the septune. This seheme prarantees redneed extraction losses. An upgraded
version of the bewn extraction systewm tor the beam transport to SPEAR will
e ssed tor botl the beam transgport to SPEAR and to PED.

The extraction kicker is buitt as a window franie magnet consisting of blocks
made from Ni Zn ferrites and a single-turn copper coil. The kicker magnet
can be put into a vacion tank. or a ceramie vaamm chamber can he placed
ko the gap of the kicker magnet. The latter design requires higher PEN
voltages dne to the barger gap height. To reduce the indnctance of the whoele
assembly. the kicker niagnet is divided into 3 snbunits. which will be operated
by three different pulsers. The PFN consists of & nmmber of 10010 Jong HV
al cables charged by a power supply dnring the 10 msee between two
exbraction events, The PEN will be connected to the kicker and aJoad resistor
by o ligh voltage thyratron. Table 2 lists the design specifications of the kicker
nnit.

conxi

Kick Angle 3 mrad
fntegral Magnetic Field L0834 T
Number of Suh Units 3

Length of cach Sub Unit 0.3 m
Nuher of turaos 1

Gap Height
Aperture Width
Magnetic Ficld

0.025 n
(0.054 n
00500 T

Excitation Current Coil 11 kA
PFN Voltage 22.12 kv
Tndnetanee .82 jHy
Rise Time 133 nsee
Flat Top Thue o nsec

Tahle 2: Design Specifications of the Booster Extraction Kicker Systen

To rednee its power dissipation, the Lambertson septum is powered with
enrrent pulses el shorter than the cyele time of the hooster synehrotron.
This reqnites the constriction of a pulser civenit and wore care ig reguired
tlnninated core etel) in the constriction of the septmn magnet. There is a
pulser for e septum in discns<don that wonld produce entrent pulses thadt
Lave the shape of one period of a sine wave rather than a rectangular shape.
Byt neverthieless, there is a SHat top” region ad waximmn amplitude where
the chanee of applitnde in less then 0.1 % over a tine iuterval long enongh
for the extraction. Table 3 shows sonwe properties of the Linnbertson septam
nmagnet and the poadser eirenit,

Kick Augle 63 mraud
Initegral Magnetic Field 1.00 T
Core Length 1.6 1n
Magnetie Field 0656 T

Gap Width 20 i

Table 3: Design Specifications of the Booster Extraction Septuin System

It may be possibles on the other hand, o operate the septn magnet
in series with the booster dipoles, instead of nsing a separate pulser. The
necessary amplitnde control conld be achicved via additional turns in the
septunt cotl that e operated hy a sinall de power supply.

Magnets

The niagnets in the 3 GeV booster synchirotrou liave been designed Lo be

opetated at the 5 GeVolevel. The bending magnets will vegnite a field of
approximately 14 T at b GeVoand have been tested to that level as part of

the 3 GeV Injector project,

The resonant network snpply systen (White eirenit) for the dipole and
quadrpaole magnets is designed for a 3 GeVooperation. Upgrade of the power
anpplics and the vesonant network will be regnired for 5 GeVooperation. The
uperade will inclide the increase of the power supplies capability to supply
power from 2 500 KW to 2= 1250 kW and adding chokes and eapacitors to
tie vesonant network,

Vacuum System

The vacywinn chamber wall of the hooster synehrotron will experience a
sienifirantly greater heating rabe when operating for 5 GeV ojnjection iuto
PEDP iu comparison to 3 GeVowhen injecting into SPEAR. The peak incident
Teat vake i 213 W/eme of which 90 % is absorbed by the chamber, ad the
remainder abzorbed by the strnetures adjacent to the vacnmn chamber. At
lower clechion heam energies. greater proportions of the incident beany are
abzorhed by the chiatpber wall, Note thal the synchrotron vadiation power is
proportional to the fonrth power of the eleckron beam energy. At 5 GeV. the
power is 7.7 tines that produced at 3 GeV.,

The average power incident npon e chanber is less tin the peak power
heeanse of the eyelic operation of the injector synehrotron. Electrons are
tjected into e booster ab 150 MeVoand raised Lo 5 GeVoin a sine wave, At

the top of the curve, the electrons are extrivcted and directed to PEP. Thas,
the ehamber is heated for the fiest half of the sine wave only. A trinerieal
integration of the power equation resnbbs inan average heating of the chamber
wall of 0.3 W/em. At worsh, this resulbs in cliamber temperatnres that are
215° C above ambient. Air blowing over the chamber at 1 in/see will rediee
the tewmperature inerease Lo 12,57 €.

Additional work mnst he done to assure hoth Uhe necessity and the ade-
quacy of foread air cooling. The chimmber temperature will have a bransient
component due to the siunonsly vinyine electron bean energy. Peak tenper-
abnres and ety s sk De cadentated and metal fatigne effeets examined.
Thermal tests shonb be perfornmed with a protedype oaenet. canber, aud
cooling devices, Heaking may be provided with o vesistive eleetric element,
temperatures measared with thermoconples and the effects of natnral sl
forced convection determined. Shrain ganges may also be attached to the
chamber and stresses measured. The air cooling system can be e over a
“long™ period of time to discover any problems with dust and contaminant
build up on the vaciun chamber and effects of the terperatnre of the chan-
Per.

Shielding

It may be necessary to add an additional 90 ein to the concrete shielding
on both sides of the ring enclasure of the 3 GeV hooster synchrotron. making
o tokal thickness of 22152 ¢ for the walls. The roof of the shielding struetnre
may need to inerease frome 66 crn to 155 can or an adeguate and aprecd npon
method of keeping personuel off the roof must be fonud. However, the finad
shiclding design can widb nntil experience has beeu gained by paning the
booster synchirotron at 3 GeV oand perhaps even b GeV,oand acennmlating
actnal radiation level measnraments ontside thie existing shiclding,

Transfer Beamline

A Bewmn Transport System. operating ab 5 GeVo s being desipned to
transfer the electron bunchies from thie 5 GeV o hooster synchrotron to the
PEP ving. The electron injection into PEP will he doue by wsing the last
part of the PEP electron injection line. To inerease the transter and injection
cfficiency. makehing sections will e juserted iuto the FODO lattice of the
Transport System to ateh the electron optical parmneters of Lthe Tast part
of b Transport Sysici to the last part of the PED clectron injection line,

For this first Yavont, the design of the booster synelotron dipole and
quadmpole wagnets are nsed bo model the Transport Systeny. The Tayont
of the dipole s than clectron optical
regrireinents. These swrvey reguirements are the location of the booster ex-
traction bean line, the location of the PEP electron injection beam line, a
lower hait for the are radins deterninined by the properties of the mining
machines, the properties of the booster shielding and the PEP tuunel.

The PED ring is loeated in a plane 10 m below the level of the booster
syuchrotrou. To acconunodate for this difference in elevadion of the hooster,
the bemn is bent downwards by 2 3° after leaving the synchrotron tunuel and
continues ils downward slope vwutil it reaches the PED electron injection line,
In the large are, the stope will he achicved by mounting each dipole magnet
slightly rotated with respect to each other. These sloped and votated dipole
magnets eanse a bean rotation aronnd the longitndinal axes of 8. The beam
has a flat shape when extiacted front the booster synelirolvon (A coupling of
Tess than 10 % is anticipated in the hooster synelrotrond. A heain rotation ax
mentioned, therefore, merveases the effective vertical emittance ynore than it
deereases the effective horizontal enidtbance. I the quadmpole maonets were
not tilted with respect to the horizontal plane, according to the local heam
rotation, there wonld be v coupling of the two planes whicl conld possibly be
compeusated by an additional triplet of <kewed gquadvnpoles in the last part
of the PED clection injection Tine.

The bean foensing will be done by o FODO Lattice which has ditferent
coll lengths in the ave above the hooster {13 mh by Wie Jong sfradeht section
(15 m). and in the farge are near PEP (19 nn), T the acesc the eell fengtl s
chosen =0 that there are Fwo heading traguets hetween snecessive gnadmpole

ystem s deternnned by simevey rather

magnets. The distance hetween quadimpoles in the Toug stradelit section was
cliosen to have aovalue midway hetween the cell Tengths in the bwo are seetions,

Horiz. emniblance 226 nin rad
Vert. ennttance h3
(10 % coupling)

Euergy spread

v radd
n12e 1y

Table 4: Parmoeters of the Fjected Beam

The ¢4 function sl the dispersion Hnction i both Hhie horizontal and the
vertieal plane have fo be transforied by the opties of the brausport system =o
that these fimetions have the same vatoes both in PEP and g the traasport
Hie at the PEDR injection septun, This matching ninnmizes the maxinnmn
bheam dimenzions of the injected eanm in PEP at thie given cmittanees,

To provide orthagonal sets of pavanyeters for adinsting eacl of these finge.
Bons, ik is necessary to nze gradrmpole magnets that adjnst a given optical
[ bion in o seetion of the transport heam line where the vadues of all other
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Figure 2: Lattice of the Trans{er Beamline,

fandctions are zero o very stnadl eompared to the valne of the function to
be adinsted. For this reason, the fong straight section in the fransfer tine is
chasen to be adispersion free section.

Figure 2 shows the optical fnetions (. /3, 10 5010 1, along the transfes
heam line heghnming at the middle of the F gquadrpole magnet preceding the
Lambertson septim in the hooster lattice and ending ab IPLD in the PEP
Lattice. To simplity the identification of locations in the plot with locations in
tlie transfer loe in fignee 1, a bean Boe plot sketelr i= overlaid in the middie
of that plot. Dipoles are mnarked with hoxes syunnetrically bo the center line,
Foauads with npright. and D ogads with downward hoxes. The last three
hoxes are in IRTO of PED and denoke the Lambertson septun, B11, and the
s €5 and Q (from the Teft to the right), To this last pact, the fanctions
Ae. 13, and oy are the sane as they are i the PEP low cmittance ophic at
this place. o, should be zero 1o this section.

It shionld be possible to operate with a Targer sive vacnnm chaniber in
sections with o large dizpersion and 3 fanction. There were ouly prelininary
ophics cadenlations possible ab this tioe and wore detailed calendation will be
cattied ant to obtain a more precise deseription of the envelope.

PEP 5 GeV Injection and Ramping

To store a5 GeVoeleckron beamn with a very long gnantwin lifetine in
PEP. an overvoltape factor of 1.63 is sufficient. However, for a buncl injected
from the booster synchirotron with a one o buueh size of 11.6° RF plase
and 4 0123 9% energy deviation. the PEP RE bucket is too small even to
capture 3 in energy deviadion of the injected beam. Tlierefore, to minhnize
Hhe injection loss cven for a single bunel injection seheme, the RE volbage at
itjection has o be ligher thian neceseary o store a damped heam.

Multibunch Injection into PEP

the time periods necessary to Bl PEP up to the required
clectron intensity, it will be Tielpful to accelerate a short train of several
Pinelies i the booster synehirotron rather than one at o time. When trying to
Erapsfer Ehose bimel tradns from the booster syuchrotron into PEP, problems
i placing each of the huneles propetly into abicket arise e to the different,
RF frequencies,

Sinen energy spread of asingle buneh diring injection. as woll as te spacing
of the hunches within a train of bunehes, reqrives a Turge bucket size, the hest
thing to do is nob to ranp the PEP RF but let it stay al “a value suitable for
tap energy operation,

Due to the different RE frequencies, it will he necessary to develop a special
ransfer tiug system to inject iuto PEP. This will incinde a phase locked
loop cirenit which makes it possible, togethoer with a large bicket size, to
imject trains of up o 8 bunchies i PEP. This will be possible even when

To decreas

leaving 1 or two empty buckets hetween two adjacent bunches to combad,
nmltibuncl instabilities.

Ramping Efficiency and Reliability

Sinee the proposed iujector to PEP ix limited to 5 GeV. it is nec 'y
to develop low energy injection and vioping teclmignes for PEP. During
a dedicated low cmittance operation at 7.1 GeVe il banel instabilities
Hmited the enrrents in PEP to about 15 mA. At lower energy. instability
thresholds will set in ab even lower cnrrents zo that it will be necessary to
raise these thresholds. After some rxperience has been pained in injecting and
ramping PEP, and with suitable increase in threshold for instabilities sneli as
may be expected with the fimplementation of feedback systen, it shondd be
strajghtforward to inject and ramp 50-100 mA in PED.

Thresholds for Multibunch Instabilities

Based on the recommendation of & workshop held by SSRL in Novew-
ber 1988 (7). work is now under way to implement o wide-baud longitudinal
feedback system in PEP. Tt imay be necessary o also inplement a transverse
feedback system to reach the highest fevels. This is becanse calenlated rise
times for transverse instabilities, althongh longer than for longitadinal in-
stabilities. are still short cotpared to the damping tie diue to synchrotron
radintion rnission at electron energics around 6-10 GeV i PED.

References

[1] H. Wiedemanu, *3 GeV Booster Synchvotron for SPEAR.” Conceptual
Design Report, SSRL, March 1987. SSRL ACD note f 45,

[2] J. Paterson, “PEP as a Syuchrotron Radiation Sonree™ iu Proccedimgs of
this Conference, March 1989,

[3] S. Kramer, M. Borland. J. Galayda, A. Jackson, H. Winick. and M. Zis-
man, “Study of Collective Effects in a Low-Emittance PEP Lattice” in
Procecdings of this Cenference. March 1989,

(4] M. Borland and M. Donald, “Experimantal Charncterization of PETI* Low-
emittance Lattice,” in Proceedings of this Confercnee. March 1989,

[5] A. Bienenstock, G. Brown, H. Wiedemann, and H. Winick, "PEP as a

Synchrotron Radiation Souree.” To be pulished in Review of Seientific

Intruents, 1988, Proceedings of SRISS.

R. Boyce, R. Gould, H. Nuhn, H. Winick. B. Yonugman, and R. Yotan,

“The PEP Injector Project A Design Study,” Tecli. Rep.. SSRL. 1989.

SSRL ACD nole # 66.

[7] H. Nulm and H. Winick, eds., Workshop on Aveelerator Physics lssues
Relating to the {lse of PEP as a Synchrotron Radiotion Source. SSRL.
Novemher 1983, Report No. 88/06.

6

1219

PAC 1989



