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Abxtroct

Tlte low field option for the VLHC includes a 3 TeV
proton booster with a cimtsrrferenczof 34 km. We are
studying the option of an electon ring to fit in this tunnel
which ean produce ep collisions with a luminosity of 1
tbl/yr with a center of mass energy of 1 TeV. TIE
machine would utilize superconducting rf and small low
field magnets for the -80 GeV elwtmn beam. We
describe the vacuum chamber / magnet system, rf power
supply mquitements, vacuum charrkr cording,
interaction regions and installation of the facility in the
tunnel, as wefl as provide preliminary estimates of bran
stability and lifetimes.

1 INTRODUCTION

The present studies for the Very brge Hadron Collider
(VLHC) [1] consider both high (10-14 T) and low field (2
T) options for reading 100 TeV in the center of mass.
The low field option includes a 34 km circumfemnm
tunnel for a 3 TeV booster. We ate considering an 80
GeV electron ring in this tunnel to produce an ep collider
which could extend the operating range for ep collisions
to ~s .1 TeV. If this machine utilixed existing detectors
and some of the superconducting cavities available after
LEP was decommissioned,the cost coufd be considerably
reduced. This machine could produce physics during the
construction of the large VLHC collider ring.

We have assumed that the minimum requirements of
such a machine would have: 1) sufficient luminosity to
produce 1 fb”’/y, 2) the ability to collide e+ and e“, 3)
useful polarization, 4) dquatc beam lifetime, 5) detector
access to the maximum mnge of momentum transfer Q*,
and, 6) {s -1 TeV. In addition, the priorities of this
machine seem to imply operation with or &fore, rather
than after, the LHC.

We have looked at issues which would affect the cost
and performance of the machine with the aim of
determining its feasibility.

2 BASIC PARAMETERS

The parameters of the machine determined by fixing
synchrotronsradiation loss, and the ~’s for the proton
beam at the interaction point and limiting the bearo beam
tune shifts, <, for the proton and electron beams, are given
in the following table. We have assumed that the proton
ring would be the low field VLHC injector described in

[2] and the injector chain would be located at Fermilab. In
addition we have imposed the condition that the total
synchrotronspower would be 50 MW, to limit cooling and
power requirements. s.

~ -m
PARAMETERS

Cmumference. 33962.13 m o so
ep Luminosity
Center of Mass energy ‘“6”1O’; ;:!’@ : g

Electron energy, ~ -80 GeV + <
Proton energy, J$ 3 TeV _
Syncbrotron radiation Power 50 NW liipj
Efectron dipole field 0.009 -0.6 T
Bunch Spacing 100 ns
Arc Cell length 1(M m
Bend Radius 4451 m
~W/j3~ in cell 171/29 m

F.XJF,,. FJF.., 2J0.5, 0.1 15/0.1 15 m
&cA/&.,,&,,&,.y 0.01 1/0.021>0.0013/0.0065
Equilibrium ernittance 28 nrn-rad
Electron Beam cursent 55.3 mA
Proton beam current 1A
electronshmch 3.26.10’0
Energy loss ~r turn 0.814 GeV
electon rf Voltage 1.09 GV
eleerron energy spread, @E 1.03.103
Proton emittance, em~m 3.6.106 mm-mr
Expected luminosity lifetirw 20 hrs
Sokolov-Temov polarization time 0.9 bra

The electron ring contains two 180°arcs comected by 1.8
km long straights. The NC lattice is made of 90° FODO
cells with each half-cell consisting of a 46-m long d@le,
a 1.5-m long quadruple and a 2.5-m cell smaight section.

The Sokolev-Temov polarization time for electrons is
sufficiently short to produce polarization

The electron ring would be Iccatcd in the tumel
above the proton ring, and would be installed at the same
time. .,.
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Figore 1, The collider rings in the tunnel.
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recently conditioned a duplicateof the present AWA gun
up to a gradient of 125 MV/m [16].)

TABLE 1. The gun design parameters as calculated using
SUPERFISH

Inner Radius of the Cell, b (cm) 9.03
Radius of the iris, a (cm) 2.75

Quality factor, Q 126008 I

~Shunt impedance (ML1/m) I 36.47 I

3 REALIZABLE GUN DESIGN

In order to reach a design that can actually be built, one
has to take into account all the other constraints besides
the optimization of the electron beam parameters, There
must be enough space around the gun to allow for a
waveguide to couple RF power into the cavity. Space must
also be available for tuning plungers, RF pickup probes,
vacuum pumping and cooling channels. All these space
mauirements limit the size and constrain the location of

drive the solenoid steel into saturation.
Figure 1 shows a drawing of the complete gun and

solenoids design. Two solenoids are exactly next to each
other, with the photocathode plane as their plane of
symmetry. This maximizes the space available for the RF
power coupler over the full cell of the gun. The tuning
plunger in the full cell is located diametrically opposite to
the RF coupler, both being at the equator line of the full
cell. An RF pickup probe is located half way along the
circumference of the full cell between the RF coupler and
the tuning plunger. The half cell has both the tuning
plunger and the RF pickup probe on the back plate of the
cell. This breaks the symmetry of the half cell, but it is
acceptable in our L-band size cavity. The perturbation of
the field lines over the relatively small size cathode area is
negligible. The tuning plungers and RF pickup probes will
allow us to verify and, if necessary, to adjust the
parameters of the two cells, in order to achieve the right
resonance frequency for the z mode and field balance in
the cavity. The cooling channels are drilled along the
cylindrical wall of the gun, and also run over part of the
back and front plates of the cavity.

Numerical simulations of this final design yield values
for the emittance and bunch length that are slightly worse
than the ones obtained in reference [13, 14]. ‘I%is results
from the fact that the location and dimensions of the
solenoids are not dictated only by the optimization of the.

Ie solenoids. Certainlv one must also be careful not to beam parameters, but also by other physical constraints.
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Figure 1: Photocathode RF gun



The degradation is however very small, and the gun is still
expected to generate very short bunches with low
emittance. Results of numerical simulations with
PARMELA are shown in Fig. 2. These plots show
emittance, bunch length, energy and radial coordinate as a
function of the longitudinal coordinate along the
accelerator for a bunch charge of 40 nC. At the exit of the
Iinac the code predicts a normalized rms emittance of 66
mm rnrad and an rms bunch length of 3.7 ps.

4 DISCUSSION AND SUMMARY

We have reached a final design for the new AWA
photocathode RF gun. This gun will dramatically improve
the capabilities of our group to study wakefield
acceleration in dielectric loaded structures and plasmas.
The electron beam produced by this gun is expected to
excite wakefields in plasmas with accelerating gradients in
excess of 1 GeV/m with a plasma density of-1014 /cm3.

In dielectric loaded structures, this beam will also make
a significant improvement over present attainable
gradients. One can use this beam to directly demonstrate
collinear wakefield acceleration gradients in excess of 50
MV/m corresponding to 200 MW of RF power generated
in 30 GHz dielectric structures.

It is worth pointing out that the present AWA
photocathode RF gun has achieved unprecedented values
of charge per bunch, and has allowed us to advance the
understanding of wakefield acceleration in plasmas and in
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Figure 2: Numerical simulations of the beam along the gun
and linac structures: (a) energy and trajectories in the
transverse plane; (b) bunch length and emittance.

dielectric structures. However, the present gun was
designed when only a very limited amount of RF power
was available for the experiment (2 MW). Thus, the beam
parameters, namely, bunch length and emittance, suffered
serious limitations due to this relatively low level of RF
power. The newly designed gun will take advantage of the
higher level of RF power now available in the facility,
yielding better beam parameters and, consequently, higher
accelerating gradients in the wakefleld acceleration ‘
experiments.
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