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l. Abstract

This is an updated version of the Lol presentetthe@tEPAC Meeting omNovember2000.
The PEP-N project is a proposed néve eollider at SLAC to operate in the center of mass
energy range of 1.0 GeV to 3.1 GeV. PEP-N consists of avegywlLow Energyelectron
Ring VLER (< 800 MeV) to collidevith the PEP-II € Low Energy RingLER (3.1 GeV)
parasitically to PEP-II operatidior BaBar.Since the ering has dixed energy,the very
low energy ring needs an energy range of 100 MeV to 800 MeV. This collider {ikalyd

be placed in Experimental Hall 12 of tR&P-Il complex and have itswn dedicated 800
MeV e injector. The peak luminosity should reach 2 X/t@v/s at 800 MeV.

[. Introduction

We discusgshe parameterfor an “€ € --> N Nbar ormulti-hadrons” colliderbased at
PEP-1I [1,2]. The plan is to collide th8.1 GeV LER e+ beam againstOal to 0.8 GeV
electron beam stored in a new very low energy ring (VLHRE PEP-II LER is assumed
to be operated for full BaBar operation with design paraméibessmall electron storage
ring has a circumference of 45.36 m and is located in straight séeti@of PEP-Il. The
electrons are injectetom a 40 m-longlinac also located inIR12 of PEP-Il. The
luminosity of this collidercalled PEP-N, isestimated to be above *#@n¥/s at a VLER
energy of 500MeV without affecting BaBadata collection. The location oPEP-N is
shown in Fig. 1.
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Fig. 1. PEP-II Layout with PEP-N location in IR12.

The collider straight sectioiR12 in PEP-II isrelatively large, has good floospace
both inside and outside the radiation enclosure, and has a large ctumiseggBoth PEP-
Il rings are relatively simple ithis straight sectioriThe hall is 20 m along the bedme

and about 12 m wide inside the radiation wall.

The optimized parametefsr PEP-Nare listed in Table 1. Aketch of thehall layout
with the ring and injector is in Fig. 2.

Table 1: PEP-N Parameters

Parameter Units LER e+ VLER e-
Energy GeV 3.1 0.8
Circumference m 2200. 45.36
Total current mA 2140. 140.
Number of bunches 1658 36
Current per bunch mA 1.3 3.9
Bunch spacing m 1.26 1.26
Bunch length mm 11.0 10.0
AE/turn KeV 700. 22.
RF frequency MHz 476. 476.
lon clearing gap % 5. 0.
RF voltage \\ 4.8 0.1
Rel. energy spread %103 0.61 0.36
Synchrotron tune 0.045 0.011
Horizontal emittance nm-rad 25. 250.
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Fig. 2: Hall 12 layout with VLER ring and injector.
[11.  Collisions

The beam—beam interaction will ultimately determine the peaknosity of PEP-N. To
determine the peak, the maximum beam-beam ghifts areassigned teachring. Then,

the beam parameters aadjusted tomaximize theluminosity within the tuneshift limit
constraints.The circumference of theery low energy ringVLER had to be carefully
chosen.The harmonic number of the LER 3192 which equalx2x3x3x97. Thus, to

have eachVLER bunch collide with the same set of LERunches alwaysthe VLER
circumference should be 22.7 m (2200m / 97) or 61.1 m (2200 m /2 /2 / IneqR12

hall has a rectangular size of 20 m by 7 m fonaximumpossiblecircumference of about

54 m. If one designs a ring withraalistic combination of bendingnagnets,interaction

point, and RF-injection-feedback straight section, a minimum circumference of about 30 m
is needed3]. Thus, wecould not keep the above clocking constraint wede forced to
choose a circumference in between. We chose 45.36 m which is 72 RF buckets. Therefore,
every bunch in one ring collides with every bunch in the other ring, eventually. Sometimes,
a bunch has no collision on a given turn dependintherocation of theyaps inthe LER

bunch trains.

For PEP-N an important constrainttiet the beam-beam performarioe PEP-II and
BaBar should not be affected. This implieat the LER ofPEP-II should beperated for
optimum luminosityfor the BaBardetector. Fothe LER, this assumptioftranslates into
keeping the beam emittances, the numbdsunichesand thetotal charge the same as for
the design of PEP-II. The allowed parameters that can d&djusted are théocal beta
functions atthe collision point inlIR12. The allowed tuneshift parameterfor the LER
should be small compared to the ones measured in IR2 which isCa@8uio 0.06.Thus,
we selected.004. Inreality, the empirically determined maximum tushift parameter
may well be significantly higher, which may allow a higher luminosity for PEP-N.



The optimized parametefer collisions inPEP-N are shown inTable 2 for beam
energy of 80QMeV [4,5]. The parameters changeth energy.The total beam current is
varied in VLER to keep the tune shifts constant for the LER. The beta functions in the LER
are varied with different VLER energies to keep the VLER tune shifts constant.

Table 2: PEP-N Collision Parameters

IR Parameter Units Design
cm Energy GeV 3.1
Crossing angle mrad 0.0
Luminosity @ 800 MeV x18B/cné/s 20.
Number of bunches 36
VLER current mA 140
VLER current mA 2146.
By*/Bx* (VLER) cm 2.85/30
By*/ Bx* (LER) cm 33/151
Uncoupled emittance (VLER) nm 500
Optimum coupling (VLER) % 100.
IP rms beam size,/oy (VLER) Hm 85/274
IP rms beam size,/oy (LER) Hm 261272
Horizontal beam-beam tune shift (+/-) .004/.06
Vertical beam-beam tune shift (+/-) .004/.06
2.y Hm 88/386
IP dipole length m 1.5
IP dipole field T 0.3-0.42

Early in thedays of B-Factory desigrkeil and Hirata discoverefb,7] that having
rings of different diameters introduces additional coherdrdansverse beam-beam
resonancesThese calculations do apply EP-N but, as understood at present, are
ameliorated by several features. The first is that the beam-beam coupling in ongrajghe
(LER) is very small, which strongly reductee resulting drivingorce. Secondbecause
of thevery high order factors ithe coupling,the tunespreads irthe beam willstrongly
damp the resonances. Every bunch in each ring collides with every buthehdther ring
but only after 97 LER turns or 4650 VLER turns. Third, both rings have very shaiive
transverse bunch-by-bunch feedbagktems which wouldamp any coherent excitation.
However, single particle tracking studies in the VLER have shown that, dbe ton gap
in the bunch pattern in the LER, resonances occur about @#tyintune in bothplanes.
This fact may causeroblems forthe VLER as the beam-beamme shifts are larger than
0.02. The circumnference ratio is about 49 to 1, making these resonances very high order
and, thus, quite weak. Further simulationsa are underway.

The shortest beam lifetime fMLER from luminosityrelated particldoss iscalculated
for 800 MeV which is the worst case. A 200 minute lifetime is expected.



IV. Interaction Region design

Three majors collision designs were considered:
1) a very large angle collision (> 100 mrads),
2) a small angle collision, similar to KEKB,
3) head-on.

The very large angle collision design would berdaresting accelerator to buituit it
was considered very riskgnd had a high probability of not producitige required
luminosity as well as introduce perturbations on the LtE®R mightadversely déct B-
factory running.
The smaller angle collision (~20 mrad total anglesents two difficultiesOne is that
the magnetic elements needfmt the MLER would take upmost of the small angle
acceptance of the detector. This is important since the energy asymniefl?4N isvery
large over most ofhe E, range of interesiThe LER energy is held constantail GeV
while the \LER has an energyange of aboutl00-800 MeV. The detector angular
acceptance in the forward boost direction is 100 mrad along the beam direction. In addition,
a crossing angle collision means that the beam must be brought back over thednk i
order to keepghe small storageng on one side othe LER beantine. This isespecially
difficult because it has to be done very soon aftercttiésion. There is not much space in
the £10m long interaction region hall to get the beam back to the other side of the LER.
This left the head-on solution athe best choice for the collision. The beams are
brought into collision and separated bylaage horizontal dipole field located at the
interaction point thainsuresthat the MLERstays onthe sameside ofthe LER beaniine.
This samanagnetic fieldserves ashe detectofield. A sketch ofthe detector dipole is in
Fig. 3.
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The present working design uses a field model that has a maximum field strength of 0.3
T. Fig. 4 is a plot of the field from this magnet along the z axis.
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Fig. 4:Plot of the magnetic field from the central dipole magnet. The field extends out to at
least 2 m from the center. We will shield the accelerator beam pipes as much as possible to
minimize the integted strength of this magnet.

The IP is located25 cm fromthe center of théield. The 0.3 Tfield corresponds to an
acceleratodesignthat has a 557 Mebeamenergy forthe \LER. Placing the collision

point —25 cm fromthe center of the magnet increases the amount of detector field in the
boostdirection and minimizes the amount of upstreaagneticfield. This lowers the
amount of upstream bending (and hence synchrotron radiation) in the LER.

IV.1 Downstream beam lines

The downstream side dfie collision point is in the direction of thé&R. This isthe side
where most othe physicsparticlesgo. Onthis side, the \LER is deflected horizontally
192 mradswhile the LER is deflected 3dhrads.This results in a separation 6.7 mm
between the two beams at the first parasitic crossing, 0.63 miliela, which translates

into 380, for the \LER and 68, for the LER. Thislarge separation makes abgam-
beam effect from the parasitic crossing negligibly small. The beams are separated enough to
allow each beam to enter a separate beam pipe ab®um from the IP. The first
accelerator element after the central dipole field is a vertif@tlysing quadrupoléQDI1)
for the \LER located 1.5-1.7 m frorthe IP. QDI1 is constructed from permanemagnet
material. The compactness of the permanent magnet design permits this magaeb tmbe
from the IP and yet not have anyeet on thenearby LERbeam.The smalldesign also
maximizes thesolid angleacceptance of theetector. FollowingQDI1 is a horizontal
bending magnet (BQY. This magnetstartsthe reverse bend othe \LER thatbrings the
WLER back parallel to thdLER. The next LER element is a horizontalipcusing
guadrupole (QFI2)ocated2.5-2.8 mfrom the IP. This magnet is faenough away to no
longer interfere witlthe LER and ihas only aminor impact on the detectmolid angle.



Following QFI2 is another qua@DI3 from 3.3-3.6 m. Areverse bend horizontal dipole
(BIW) at 3.7-4.1 mstraightens outhe MLER orbit to be parallel tand 40 cm from the
LER followed by one more matching quad (QFI4) at 4.2-4.5 m.

The downstreanLER beam linencludes 3 horizontal dipole bend magnetscéorect
the orbit back to the nominal trajectory and to match dispersion.

IV.2 Upstream beam lines
The upstreanside ofthe IPhas verysimilar magnet placement as tewnstreanside,
however the beams are not separated as quickly smphementation is diérent. On this

sidethe beam separation at tfiest parasiticcrossing is 22.8 mmwhich is 32, for the

\LER and 5%, for the LER, still large enough tomake parasitic tunsehifts negligible.
Moving out fromthe IP wefind that thefirst accelerator element is a horizontal dipole
magnet(1-1.3 m)that both beamdravel through. Thismagnet can beised to add or
subtract to the central dipole field andused tomaintain the MLER orbitvhenthe \LER
energy is changed. The next element is QDI1 (1.5-1.8 m). However, on this sidelBf
this large aperture magnet is seen by both beams and is a normalagjeet.The center
of this horizontally defocusing magnet is positioned close to the k&l minimizing the
bend for this beam and maximizing the bendtier LER. The extra horizontal kick from
this magnet separates the beams enough so that theleregnt(QFI2, 2.5-2.8 man be

a septum quadrupole with a field-free drift regfon the LER. The rest ofthe magnets in
the \LER are essentially the same as dogvnstream side witthe VLER beam parallel to
and offset fronthe LER designtrajectory by 40cm. The LER beam linencludes four
horizontal dipole magnets to steer the LER back to the nominal orbit and to close
dispersion. Figures 5 and 6 are layout pictures of the interaction region.
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Fig. 5:Layout of the interaction region. Please note the exaggerated left hand scale.
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Fig. 6: Close up of the interaction region.

IV.4 Synchrotron radiation
The 780 MeV \LER design hashe highest levels adynchrotron radiation. However, the

fact that the IP is-25 cm upstream frorthe center of the main fieldndthat we use the

offset QDI1 magnet tofurther separate the beams medmst the upstream LER has
relatively weak bendingnagnetsThe mainsource of synchrotroradiationpowercomes

from the two closest othe four dipole magnets on the LER bedme. The strength of

these magnets for the 780 MeVMLER is 2.1 and 2.0 kG and they generate 465 and 1054 W
respectively with a 2.14 A LER beam. The critical energies of these bend mage’6

and 1.3 keV. The power levels arelow enough to not pose jroblem for beam pipe
cooling. More complete studies need to be made, but synchrotron radiation power does not
seem to be an issue. Figure 7 shows the fan of radiation coming from these magnets.
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IV.3 Changing the center-of-mass energy

The LER energy is fixed by PEP-II at 3.1 GeV. In order to chahgd,, we must change
the energy of the\ER. The interaction region baselinkesign of PEP-N has a 557 MeV
\LER and a 3 kG central dipole field. In order to reach thperdéonance the \LER energy
must be increased B0 MeV. In order tonaintain the bearorbits andget the beams to
separate properly we proportionally incredise field of the central dipole td.2 kG.
Decreasing the MLER enerdgyom the 557 MeV deign point is done differently. The
detector collaboration prefers a higher central magnetic field while the accetksigmers
prefer a lower central field. With this in mind the present design triegiotain 3 kG as a
minimum valuefor the centralfield. Therefore, in order to lowehe MLER energy and
maintain the central field &3 T, passiveshielding is added to thegeam pipe to subtract
some ofthe central fieldrom the VLER beam.With this technique, we should lable to
lower the VLER energy to about 200 MeV.

In order to go still lower in MER energy,the present strategyould be torebuild the
beam pipes in the interaction region allowing for a much larger angle of sepanatiogh
the use of the unshielded central field of 3 kG. Once again, we would add passive shielding
to the MLER beam pipe as the \LE#ergyis. We note here thathis strategy isstill
preliminary and further refinements will no doubt be forthcoming.

V. VLER ring

The VLER storage ring has been designed in order to meet the following requirements:

* to operate with an energy variable between 100 and 800 MeV;,

» to provide the flexibility to keep the beam emittance constant while varying the energy;
» to collide with LER without perturbing the BaBar operation;

» tofitin the Hall 12 (20 m x ™), leavingenough spac#or the injection linefrom the
Linac;

» to allow for head-on collisions with a minimum impact on the detector;

to have reasonable lifetimes.
AII these requirements are fulfilled by the present basdisgn at 50MeV. The ring
circumference was chosen to be a multiple of the LER bunch spacing. However, for lack of
space, we could not choosé&/BER length that is a sub-multiple of the LE&gth. As a
consequence thelmnches will collide with many different bunches.

V.1 Lattice design
The ring has a two-fold symmetry withcacumference o#15.36 m.This is 36 times the
LER by 2bunch spacingThe beams collidéiead-on and arbrought into and out of
collision by the detector magnetfeeld. The ring layout is sketched irFig. 8. The
dimensions are the actual hall s{2® m x 7.16 m)the yellowcircle is the detectdield.
The main lattice parameters are summarized in Table 3.
gt 88 80 V.
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Fig. 8: Ring layout.



Table 3: Ring Lattice Parameters

Parameter Units VLER
Energy MeV 100 - 800
Circumference m 45.36
Beam current mA 140.
Harmonic number 72
Revolution frequency MHz 6.6
Bunch spacing nsec 4.2
Bunch charge x10 15 - 3.7
P Bx m 0.3
IP Bv m 0.0285
IP N, m 0.
Max IR Bx m 60. - 80.
Max IR B, m 100.
Max IR N, m 2. -4,
Betatron tunevy/vy) 3.55/3.65
Horizontal emittance, nm 250
Vertical emittance, nm 250
IP horizontal beam size, mm 274.
IP vertical beam size, mm 84.
Horizontal damping time ms 1000. - 5.
Coupling factok = ¢ /g, 1.
Momentum compaction @ 500 MeV, 100kV .05
Bunch length @ 100 kV cm 1.2-0.7
Synchrotron tune 011
Relative energy spread x10 3.6
Dipole field @ 800 MeV T 1.635
Energy loss/turn KRéturn .02 - 22.
Max quad gradient @ 800 MeV T/m 10.

Thering lattice consists of two straight sections and ta@s. Inthe IR the detector is

shifted downstream the collision point by 25 cm in order to incréeeseetector coverage

for boosted particlesThe focusing athe IP and along the IR [movided by twoQD-QF
doublets.Thefirst quadrupole irthe doublet is a permanent magnet on dbe/nstream

side. This design maximizes the detector solid afigie first quadrupole orthe upstream

side is a shared magnet that helps to separate the beams. The IP beta functions were chosen

in order to optimize both luminosity and beam-beam tune sifts: 30 cm, B,* = 2.85
cm. The other straight wilhousethe injectionkickers, septumfeedbacks and one RF
cavity. In the injection straight there are four QD-QF doublets, which willdeel fortune



adjustments and fanaintaining nearly symmetric opticklnctions betweetthe two arcs.
The horizontal dispersion vanishedta IP as well as in the RF/injectioagion. Due to
the limited availablespace, &0ODO cellsolution as irnthe LER andHER arcs ofPEP-II
was not possible. Aompact araesign haveen chosen which allowsr both emittance
control with energy and dispersion suppression in the RF and injection straights.
Each archouses four dipoledgnterleaved with 4quadrupoles The philosophy is to
construct eight 1.28 m long dipoles with a peak field &35 T at 80MeV. Each dipole
is segmented intgixteen, 0.08 mong steelpieces, toallow the magnet length to be
shortened to increadbe field atlower energiesThe long magnet coils will not change
even though some dhe segmentsare removed.The segments will be removedhen
going to low energies, in order kmepfour symmetricalsub-magnets. Thigill maintain
the curvature of the beatrajectory, thereforehe vacuum chamber will not need to be
changed. This design increases synchrotamhation atlow energies, shortening the
damping times, and allowing for highlkeam-beam tunghifts with correspondinigher
luminosity. The effect of this design on the damping tirbegamcurrent,beam-beam tune
shifts and luminosity are clearly visible from the plots in Figs. 9 td'h2.continuoudine
refers to the normal dipole design while the segmented one refers to the new one.
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The above calculations do not take into accdungje fields. A sketch of the dipole is
shown in Fig. 13 and its parameters are listed in Table 4.

Fig. 13: Segmented dipoles sketch

Table 4: Segmented dipoles parameters
Energy Range| Segments #Ring 0 L Peak B
(MeV) Magnets| (rad (my. (T)
100 - 250 A 32 0.196| 4*0.08 1.635
250 - 500 A+B 32 0.196| 4*0.16 1.635
500 - 750 A+B+C 32 0.196| 4*0.24 1.635
750-1000 | A+B+C+D 8 0.785 1.28 1.635

The possibility of installing &.5 T, 1 mlong super-conducting wiggler in the
RF/injection straight will also be studied.

The totalnumber of normal conducting quadrupolesthe ring is 24. They will be
individually powered, tcallow maximumlattice flexibility. Some extra space @vailable



for closed orbit correctors, emittance-coupling skew quadrupoles and sextupoles.
Optical functions are presented in Fig. 14 for the 500 nm, 500 MeV lattice.
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V.2 Dynamic ap&ure

Due to thehigh naturalchromaticity and thdimited space availabldor sextupoles the
optimization of the dynamic apertuteas to becarefully studied. Fourfamilies of
sextupolesare foreseen: thrder chromaticity correction in tharcs, wherehe betatron
functions inthe two planesare quite well separated and tiiispersion is maximum, and

one in the injection straight to correct the beam tune shift with the particle amplitude. Due to
spaceissuesthe phase shift between sextupoles will probably nobj@mized to exactly
cancel chromati@and geometri@berrations.The dynamic aperturgiith a fast tracking
program wascomputedfor a previous version ofhe 500 MeV lattice, with a lower

emittance. Particles witimitial conditions confined in a region ¢£10 o,*, +10 o,*) at
nominal coupling, and forthree fixed energydeviations, corresponding thp/p= (-10

oe/E, 0, +100¢/E), were tracked for 3x2@urns, corresponding to one transverse damping
time. Magneterrors and synchrotrooscillations have not been includgdt. The results

are promising since the stable area was larger thaw,+10

V.3 Beam lifetime

In an electron storage ring, the multiple Coulomb scattering of the charged electrons within
a bunch leads tthe growth of emittance in althree dimensions.The growth rates are
proportional to the fourth power of the inverse of beam energy [8]. Hence, at the lower end
of the energy range (100 MeV), this effect could become the dominant factor in determining
the equilibrium beam size.

To estimate the effect of the intrabeanattering the growth rates ofemittance in all
threedimensions as a function of energy were computsitig MAD [9]. The lowest
energy design lattice was used in the calculation, as it is the more problemafmr ¢hse
effect. Atall energiesthe bunch lengthwasfixed at 1cm, the horizontal emittance was



kept at the constant value 250 nm,and thevertical emittancavas assumed 10% of the
horizontalone. The values of the charge pgaunch at different energies weargerpolated
based on the design values. The growth rate turns out to be small compheeddmping
rate due to thesynchrotronradiationwhen the energy is larger thaR00 MeV, and it
increases rapidly once the enedypps below 20MeV. This result indicatethat below
200 MeV it might be anissue tomaintain a reasonable beam s@r&l beam lifetime since
there is no equilibrium distribution the growth rate is larger the dampimgte. However
the larger verticabmittance(50% of the horizontal in the presemntesign),and smaller
damping times can help in decreasing the growth rate.

The lifetime of the electron beam due to the Touschek effect was estimated as a function
of the VLER energy usinghe simple formula by Le Duff10] for flat beams. At all
energies, thenomentum acceptance is calculatath a fixed RF voltage 0100 kV. The
results ofcalculation areshown in Fig. 15 as #&unction of the number of particles per
bunch.

Touschek lifetime for VLER - 500 nm, Vrf =100 kV
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Fig. 15: Touschek Lifetime at different beam energies.

Each curveaefers to an energy value, ranging from MNéV (the lowest) up to 800
MeV in 100 MeV steps (700 MeV ar@D0 MeV curves overlap). Givethe designcharge
per bunch at each energy, the shortest beam lifetime is larger ttmmrfor 100MeV. A
tracking of Touschek lost particles, taking imtocount the dynamic aperture and thel
lattice at each energy will also performed. Howeveeven with a 3nin. lifetime at the
lowest operating energy, a gain in integrated luminosity coomdefrom the possibility of
inject inlessthan 5 minutes withhe detectoon, if the injectionbackgroundrate can be
kept low. This is shown in Figure 16 where the ratio betvee@mnage luminosity and peak
luminosity as a function of the Run time in hours (1 h) for three diffengatdtiontimes, 3
min. (upper line), 6 min. (medium line), and 12 min. (lower line), is plotted.
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Fig. 16: Ratio of average luminosity to peak luminosity as a function of the run time.

The VLER design presents some special features that will require dedicated studies. For
example the latticdesign at low (100MeV) and high (80MeV) energies, witlconstant
emittance can present difficulties. Chromaticity correction and dynamic aperture have still to
be addressedhe TouscheKifetime can be groblem at verylow energy,but possible
solutions are a longer bunch length, a larger RF momentum acceptance, a &ftiand
injection. Thelong damping times dbwer energiesre anissue,but segmented dipoles
and a wiggler will help.

VI. RF System

The RF system for the VLER is much simpler thiaat of PEP-II. Only asingle cavity is
needed to provide the required RF voltage of about 100-150 kV for a beam energy of 500-
800 MeV. A prototype RF cavitywas built for PEP-II several yearsago. This cavity
operated successfully at full PEP-II parameters and produced 80&it#Vthe addition of

HOM dampers thigavity is readyfor PEP-N. Atfull beam energy,the power the RF
system needs to deliver to the beam is 3.0 kW with a voltage of 100 kV. At 10& KF

power going into the cavity wall is 1.32 kW and the reflected power is 0.68Tkws, the

total power needed is about 5.0 kW. PEP-II klystrons deliver 1.2 MW. r8och smaller

power source is sufficient. #oltage of100 kV issufficient to deliver the requireounch
lengths of about 0.8 to 1.3 cm.

VIl.  Vacuum System

The vacuunsystem isrelatively simple as theynchrotronradiation power is low. The
vacuum system fahe PEP-NVLER must provide for a gootdeam lifetime, have a low
beamimpedance, and dissipate synchrotradiation power. This system must be as
reliable as the PEP-II system as the two systems are connected.

The vacuunsystem willlikely be aluminum cylindrical chambewsith stainless-steel
ConFlat flanges. The diameter in the quadrupoles and drift sections will be 3.5 inches or 90
mm. This provides for Aeam-stay-clear of over Migma. Thissize is the same as the
PEP-II straight section chambers allowing many comnm@mmponents. For example,
VLER canusethe straight sectiobellows modulesas-is. The chambers in the dipole
magnets will be flattened to 70 mm x 100 mm to match the aperture.

The synchrotronradiationpower isabout3000 W. Thusgeach dipolgproducesabout



375 W. This power is distributed over about 1 m of chamber or about 4 \&fmpekt this
power level only modest water cooling is needed.

There will besix sputter ion pumps to hottie vacuunpressure when PEP-N is not
running. The dipole magnets will have distributed ion pumps (DIP) used during operation.
There are sufficient spare DIP units from PEP-1l HER constructidnuitd the eightunits
needed for PEP-N. The position monitor buttons are the same.

The injection andransverse feedbackystemsneed ceramichambers.The PEP-II
ceramic chambeidesign works foVLER exceptshorter unitsare needed.The ceramics
will have an internal metal coating as in PEP-II.

VIIl. Injection System

A new 800 MeV linac would inject bunches of 3.6%&ectrons into every second ring RF
bucket spaced.2 ns apart, as in PEP-IThe linacwould bemounted on the accelerator
floor of IR12 wrapped on itself to form four 12 m “girders”. Injection could be at 120 Hz if
needed but 1 Hz is planned. At 1 Hz, the injection time is 36 seconds.

The injectionsystem forthe VLER is an800 MeV linear accelerator combinetth a
pulsed thermionic gun. The electram® emittedrom a gun andiccelerated ifiour 12 m
section accelerators that exist3tAC. Each four-sectionaccelerator ispowered by a
klystron and modulator removed frattme linac inSector20. Each section is SLEDed to
produce 250 MeV of acceleration as is routine in the SLA&. The linac is mounted on
the accelerator floor of the IR12 hall inside the radiation shielding. There is ored@&e
bend in the linac. The beam is injected into the ring using a transient orbit buhepring
with three pulsed dipoles. The injected beam enters through septGm. Asketch of the
injection section in VLER is presented in Fig.17.

This injectorneeds to produce up 86 x 10 electrons per pulse in a singlench.
The gun andaccelerator can easifyroduce ten times the charge painch andaccelerate
several such bunches simultaneously, if needkd.linacpulserate will be 1 Hz tesave
costs onthe power source anthdiation shielding. The klystron andacceleratorsections
could be operated up to 120 Hz if needed.
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Fig. 17: Injection straight section in VLER with a pulsed orbit bump
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IX. LER modifications

The LERring would have to be slightly modifiedor this collider. The present LER
guadrupole at the location of the collision point would be moved and reinstalled about 6.3



m upstream. A nevgeymmetrical quadrupole will be add€&d3 m downstreamThree
dipoles downstream and four upstrearaforeseen to adjushe positrontrajectory at the
IP and correct the horizontal dispersion.

The IP betdunctions inthe LER are about eneter rather thamabout centimeters in
traditional colliders. Thusthe chromaticity in the LERhould notchange very much and
the present LERextupolesare sufficient. The beam-beam turghifts for the LER from
PEP-N will be very low, about 0.004, which should not affect PEP-II operations.

X. Schedule and costs

The intent is to install the PEP-N accelerator and the detector in suhomvartimes which
are aboutwo to three months peryear. Approximately, two tothree down times are
needed.

PEP-Nwill operate in a “parasitic moddbr about 9 months perear. Ifthe average
peak luminosity over different energies is about 3 ¥/&0¢/s overthe year and theatio
of average to peak luminosity over long times includiogvn times is abou0.5, then an
integrated luminosity of about 35 pls expected each year.

Historically, PEP-II was installed in a similar fashion with the HER being installed first
and the LERsecond.These accelerators were installed with an average of about 5 m of
HER beamline installegher working day and 10 m &fER installed peday. Toinstall
VLER in asingle nine weeklown, lessghan a meter of accelerator beamline need to be
installed per day.

A rough schedule ishown inTable 5. Thdirst summerinstallation will include the
injector, VLER support floor, VLER cables, and modifications to the LER and Hig®.

The second summer down concentrates on the installation of the VLER ring, the interaction
region magnet, and the physics detector.

Table 5: Approximate PEP-N Schedule
Spring 2002 PEP-N proposal approved

Summer 2002 Injector gun, linac and transport lines installed
VLER support floor installed
VLER cables installed
LER modifications
HER modifications

October 2002 First injector beam tests

Summer 2003 VLER ring installed
Detector magnet installed
Detector installed

October 2003 First VLER injected beam tests

January 2004 First collisions

A cost estimatefor PEP-N is shown infable 6. The estimates are divided into
categoriesfor the modifications ofLER, VLER ring, injector andtransportsystem,
utilities, controls, and modifications of HER.

The sources for cosstimates ar®EP-I1 actualconstruction costscluding inflation,
discussions withlocal experts on varioussubsystems,recent costs of Accelerator



Improvement Projects &LAC, SLAC shop ratesand recentpurchases of industrial

components.

For eachsub-component there is astimatefor all sub-parts. Foexample, a dipole
magnethas costs fomagnetconstruction, supports, cablingnd powersupplies.Where
accelerator components already exist, costs for refurbishing are included.

As most all components are already designed and imaiity the engineeringdesign,
and layoutcostsconcentrate on manufacturing and installativfany of the individual

costs already include the engineering and design effort.

Given the increased peak energy of timg andlinac from 500MeV to800 MeV, the
expected costs increased from 9.9 M$ last year to about 15.5 M$ this year.

Table 6: PEP-N cost estimate

Cost| Total
Component Status Itemg per Cost
item | (k$)
LER costs:
IP orbit dipole (correction) Existing dipole magndts )] | 4
IP Orbit dipole supports 4 5 20
IP Orbit dipole cables 2 3 6
IP Orbit dipole power supplies 2 15 30
Move ring quadrupole 1 15 15
Additional ring quadrupole 1 15 15
Additional ring quad power suppligs 2 1% 30
Additional ring quad power cables 2 3 6
Additional low pressure vacuum 20m| 2.5 50
cham.
VLER Costs:
Dipole main ring 8 40 320
Dipole main ring supports 8 8 100
Dipole main ring cables 1 20 20
Dipole main ring power supply 1 100 100
Quadrupole main ring Die and some laminatipn20 20 400
exist
Quadrupole main ring supports 20 5 100
Quadrupole main ring cables 1( 6 60
Quadrupole main ring power 10 24 240
supplies
Permanent magnet quadrupoles D %0 100
Permanent magnet quad support P 7 14
Sextupole Some laminations exi$t g 15 12D
Sextupole supports 8 5 40
Sextupole cables 4 5 20
Sextupole power supply 4 20 80
Dipole corrector magnets Ycors exist, Xcors 16 0 0
backlegs
Dipole corrector supports 8 1 8
Dipole corrector cables 16 1 16
Dipole corrector power supplies 16 1.p 20




Skew quadrupole 2 10 20
Skew quadrupole supports 2 5 10
Skew quadrupole cables 2 3 6
Skew quadrupole power supply 2 10 20
RF cavity Existing PEP-II prototyge 1 8( 80
RF cavity support 1 10 10
RF power driver 2000 W 1 10( 100
RF controls 1 200 200
RF phase control 1 10 10
RF temp control 1 40 40
Position monitors Use existing PEP-1I| 18 5 90
design
Vacuum system 45m 10 450
Vacuum controls 1 150 150
Tune monitor 1 35 35
Synchrotron light monitor 1 60 60
Current monitor 1 40 40
Longitudinal feedback system 1 350 35(
Transverse feedback system 1 250 250
Installation 1 600 600
Alignment 1 150 150
Magnets interlocks 1 15( 150
Injector linac and transport:
Gun and pulser 1 25( 250
Clean accelerating structures 3-m structures exipt 16 5 B0
Accelerator supports 16 5 80
Relocate accelerator waveguide Waveguides exist 16 5 B0
Accelerator waveguide @ 16 5 80
plumbing
Dipoles (DR style) Design exist 12 1C 120
Dipole supports 12 5 60
Dipole cables 2 5 10
Dipole power supply 2 20 40
Quadrupoles Linac quads A and B ekist 32 il 32
Quadrupole supports 32 2 64
Quadrupole power supplies 32 4 128
Quadrupole cables 32 1 32
Dipole correctors Linac dipole corrs exigt 3P 1 32
Dipole corrector supports 32 2 64
Dipole corrector power supplies 32 2 64
Dipole corrector cables 32 2 64
Position monitors 20 4 80
Current toroid Exist 2 10 20
Profile monitor Exist 2 10 20
Vacuum system 20m 5 100
Vacuum controls 1 50 50
Relocate klystron Exists from linac sectof 20 4 40 80
Relocate klystron modulator Exists from linac sectgr 20 |4 20 g0




Relocate klystron controls 4 20 80
Klystron power supply 4 20 80
Septum 1 50 50
Kicker 3 40 120
Kicker pulser 1 50 50
Kicker cable 1 10 10
Kicker ceramics 3 15 15
Linac installation 1 500 500
Linac alignment 1 100 100
Building and Ultillities:

VLER floor 1 250 250
Water heater for linac 112 deg 1 1Q0 10
Holes in shield wall 3 10 30
Extra radiation shielding 1 10( 100
AC power Installation 1 100 100
Water distribution system 1 100 100
Accelerator Controls:

Micro-computer Use existing PR12 1 3 3
CAMAC crates 3 I 21
PPS interlocks 1 150 150
Control-power supply racks 5 12 60
(dou. bay)

Software database work 1 150 15(
HER costs:

Steering correctors Ring correctors exist D D [0
Steering corrector power supplies 4 1 2
Steering corrector cables 2 1 2
Move HER quadrupole 1 10 10
Additional HER quadrupole 1 15 15
New HER quadrupole power 2 25 50
supplies

New HER quad power supplies 2 4 8
cables

New HER vacuum chamber 1 1( 10
Engineering and Design costq:

Engineer 3yr[ 90 270
Designer S5yr[ 75 375
Drafter S5yr| 70 350
Project itemized total (k$) 9,666
(Pkrgj)ect contingency (30%) 2,900
Project indirects (30%) (k$) 2,900
Total project (k$) 15,466
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