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We shall endeavour in this report to bring up to date the description
of the forward beam transfer system first outl_jned in the 1979 Design Report.
Since t;1at time a more detailed design has_ been completed (and partially
implemented) which produced several changes from the initial scheme, the
overall philosophy however remained surprisingly intact. The forward injec~
tion line located in the EP long straight section is designed to be compatible
with a similar system running in the opposite direction for antiproton {njection.
Basic Scheme .

Forward injection involves a single turn transfer between the Main Ring and
the Tevatron with the beam kicked horizontally across magnetic septa (Lambertson

magnets) in the Main Ri the upstream end of EP using the existing extraction
_kicker magnet at C48. This then initiates the vertically downward bend (16.6 mrad)

towards the superconducting string at E11, 25.5" below the Main Ring. The vertical
dog-leg is completed by two more Lambertson magnets at the downstream end of the
long straight which brings the beam back into the horizontal plane. The beam is
then placed onto the horizontal closed orbit bLanothcr_fast rise time kicker

magnet located at the warm E17 ministraight in the Tevatron. While the basic

Tattice structure of the Main Ring and the Tevatron is similar, a transverse
emittance dilution of ~30% would be expected without any attempt to match the
beam shape. A quadrupole in the injection 1ine is used to provide both hori-
zontal and vertical matching. Hor{zontal beam stearing is accomplished in the
Main Ring and the injection 1ine by a series of bump magnets; the correction
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coil dipoles provide the corresponding function in the Tevatron.

Injection Orbits .
| The major change in beam dynamics between the design report and the

current scheme is the absence of a relative momentum offset between the two
rings. At the cost of removing the colliding beam option between the Main
Ring and the Tevatron, the circumferences of both machines have been made
jdentical. This fact allows us to make an essentially free choice between
injecting beam to the radially inside or outside of both rings as the in-
Jectioﬁ dymanics become symmetric about the closed orbit. The choice of
injecting the beam to the inside of the long straight section was made to
avoid changing the polarity of the C48 Main Ring kicker which 1s also used to
extract protons at F17 for antiproton production. The use of the C48 kicker
to inject beam at EP creates the possibility of {ntroducing uncomfortably large
amplitude oscillations through D sector of the Main Ring. In order to reduce

t ize of these oscilla install in

Ring three b 038, These three magnets can be excited
_so as_to produce a closed orbit 1809 out of phase with the kicked beam and thus

reduce the effective orbit rsions by a factor of 2 throughout most of the

sector. ise control of the beam position n Ring across the long

_straight, essentfal to ensure loss free injection, is brovided by another set

_of bump magnets at D46 and E17. Powered in series these magnets generate an orbit
bump similar to that currently usad in the Main Ring for extraction. A hypothetical
closed orbit suitable for injection is shown in Figure 1 (the actual orbits used
for injection will undoubtedly be determined empirically but ought to be similar
to those shown in this report). The orbit excursions between C22 and D38, D46
and E17 are apparent. Figure 2 shows the same closed orbit modified by firing
the kicker which produces the orbit cusp at C48. The orbit amplitude remains
approximately constant up to D38 after which the amplitude increases to a
maximum offset of 48 mms at D48. The horizontal orbits across the long straight
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section are shown in more detail in Figure 3, the error bars on the Main

Ring orbits give the expected beam size (4 m) at the Lambertson sep:tum.

With these particular injection parameters one can see an intra-beam separation
of ~7 mms with the septum offset at 25 mms. The corresponding Tevatron orbits
are shown in ngure 38. The closed orbit bump between EI1 and E17 is generated
by the correction coil dipoles at E11, E13, E15 and E17 and serves to reduce
orbit excursions within the restricted aperture of the Tevatron as well as
decrease the integrated field strength required from the kickgr magnet at El17.
Injection Eperqy and Beam Emittances

The upper 1imit to the injection energy is dictated by the fields achiev-
able in the septum magnets and fast kickers. The Tower 1imit {s set by the |
field quality of the superconducting magnets. At 500 A (113 GeV/c) the relative
sextupole component of the dipole is 50% larger than at higher currents, above
1000 A the field quality is essentially independent of the excitation current
(See Figure 4), Based om these critaria we have chosen 150 GeV/c as the nominal
transfer momentum. Recent measurements on'.tho Lambertson septa show acceptable
field quality at a 200 GeV/c current. Calculations on the requisite field
strength of the E17 kicker are not quite so strafghtforward as the excitation
changes with the injection orbit which 1s in turn influenced by many other
factors, for the orbit shown in Figure 3B. The magnets are running at 60% of
nominal 150 GeV maximum. |
. Current Main Ring measurements at 8 GeV/c give a measured beam emittance of
10~12 r rm-mrad for an fntmﬁfy of 2.5:1012 per booster batch. Assuming no
phase space dilution from mismatching and non-l1{near fields then the beam emit-
- tance {s expected to scale 1nvcrso‘iy with momentum which leads to a value of
0.07 » mu-mrad at 150 GeV/c. We have assumed a relatively pessimistic
0.15 7 mn-mrad (90%) for the design. The longitudinal emittance of the beam

does not affect the injection dynamics directly and by transferring the beam

_1into stationary rf buckets with constant magnetic field we would not expect
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any significant mismatching. Using a lTongitudinal emittance value of 0.25 ev-5
and an rf voltage of 1 MV/turn a momentum spread of the +0.25x10"3 is expected
which in turn gives dispersive contribution to the beam size in the long
straight of less than <1 mm.

Fast Kickers

The operation of the injection kickers that we shall consider here is
that of fixed target running and not the colliding beam mode. For this type
of operation 12/13 of the Majin Ring will be filled with protons and then trans-

ferred (to the Tevatron in a single turn. The missing portion of the beam 1is

\‘
_to allow the relatively slow abort kickers sufficient rise time to enable loss

free beam aborts; it does however also provide a 1.6 usec beam window for the

injection kickers too. With this somewhat generous time allowance it ought to
Tnjection xicxers =20. A

be possible to keep the kicker ripple to within the :1.5% range. The Main Ring
€48 kicker consists of a lumped delay line pulse forming network (PFN) together
with an inductive-resistive Toad. A system of this type. permits a very fast
rise time magnetic field (360 ns) buf very large fall-time refiections (25%).
As the beam has already left the machine when these reflections occur they have
no effect. The E17 Tevatron kicker has the beam circulating in the aperture
after the firing of the magnet and therefore requires fall time refiections

to be kept to a minimum. A system with this kind of performance is shown
.schematical'ly in Figure 5. The 6.25 Q lumped delay 1ine PFN is discharged via
the main switch into 2 lumped delay 1ine ferrite kicker magnets each of which
has a 12.5 Q impedance. The rise time on the current pulse is expected to be
~250 nsec with a ~300 nsec propagation time down the magnets resulting in a
-550 nsec rise time for the integrated field. j_ﬁg;iau_tim_bz_the_mgm

1s made by firing the clip switch then permitting the fiald to decay in-a-time
similar to the rise time. Oscillations in the circuit can be minimized by

adjusting the front end cell of the PFN; possibly more rtant however is the
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1 usec gap for reflections to die down before the beam sees the magnets again.

The PFN has a nominal maximum voltage rating of 75 kV which corresponds to

3000 A in each magnet. With this current the magnetic field is some 650 G
which gives a total maximum integrated field strength for the system of

2.6 kG-m. The magnet modules are C-style magnets, 2 m long, with a 56 mm gap.
The characteristic impedance is achieved by using the natural inductance of the
magnet together with capacitors distributed along the magnet length.

Magnet Septa

The injéction Lambertson magnets are similar in design to the current
Main Ring extraction devices. The magnets have 12 turns of water cooled 0.46"
square copper giving a useful dipole field aperture of 3.5"x0.9". The nominail
operational current of 1575 A produces a ~9 kG field. The maximum useable field
is defined by the saturation of the steel (Republic Steel LoCore 'B') and is
~12 kG. The septum {s 2" thick and is formed with a half angle of 459, The
magnets are self-support1n§ and are straight to within ;-m over the full
length of 4.25 ms. In order to achieve a good operational vacuum the vacuum
skin does not encase the whole magnet but only that }-of the magnet covering
the field free region and the dipole field. To allow this,the magnet is made
up of two different types of laminations; an outer U-shaped lamination which
ensures mechanical rigidity and an inner lamination which is completely encldsed
by the vacuum skim and {s inserted into the outer laminations. The inner lamina-
tions are vacuum degassed at 1400°F prior to stacking and the complete magnet
is able to be baked in pla;l up to 2500F. Ion pumps connected to the field-free
region are distributed along the magnet. Using these techniques we measure
operational vacuum levels of ~leo'9Torr with three 30 1{ter fon pumps. The
inner lamination stack 1s alsc extended 25" beyond the outer to reduce the effect
of dipole fringe fields at the end of the magnet from entering the field free
region,. For a 150 GeV/c injection energy the total integrated field in the field
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free region is ~4 kG-1n. The detailed Lambertson specifications are shown in

Figure 6.

Beam Diagnostics and Synchronization

In theory the injection system is a loss free one with the missing booster
batch allowing the rise and fall of the kickers to take place in the absence of
beam. Tovensure this 1s indeed the case we have installed Tevatron style loss

 monitors on each element of the injection line (two on the first downstream
Lambertson).

Thé-bean position is measured at both the upstream and downstream end of
the injection 1ine, horizontally and vertically, using "warm" versions of the
Tevatron position detectors. The read-in electronics will be partially
standard Tevatron (RF module) and part1a11} customized for the injection line
to allow the position of individual batches to be recorded. The major elements
of the injection line are shown schematically in Figure 7. ’

Syn ; kicker magnets wjgg_ggggg;;;to_;hn_cir:ulnxing_naathgjc
will be provided by a 47 kHz master strobe and a system of digital delays.

This setup will also provide the appropriate start-stop pulses for the position
detection and loss monitor electronics.

Horizontal positional injectfon_errors caused primarily by flat top r1pp10»\\

—on the injection kiékers will inevitably be present at some level. A kicker

e .

mismatch of +3% will produce beam oscillations of up to £l mm, which, if Teft
undamped would blow-up the beam by ~40% in a few hundred turns. This form of
beam blow-up can be avoided by using a medium speed beam damper (S Miz bandwidth)
the basic properties of which have already been outlined (UPC 152).

~ Table 1 gives a 1ist of the injection elements and their nominal settings
for 150 GeV/c injection.
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=& ENGINEERING NOTE |
WMEETIZUATKEN  INTECTIoN  LAMBERTION T —-.
e Cey Rarted (304 Sury Cyce) [ B o
%AGNETIC FIELD: OUTLINE DIMENSIONS
Central Tield » 9:/6 K¢
Uniformicy across 4.0" gap <L SQ |
POWER: ‘L_ |
DC Power * 5.0 Kw l I % |
Current * /555 A ma CS'oc'A 3.6‘,) - T !
Voltage ¥ 3! Vmax (1O0V B.C) 2 . ol |
Copper Temp. Ave. * (8¢ F ¢ 1.00 l{ . A
Resist @ Témp.«' " ©.02 D i
Inductance (S aaf : .
COOLING: o l [
Water Temp. Rise * /6 < i ==
Total Flow + o) QPM _..z_zl._
Pressure Drop + o¢ PSI ~ ~—%
' i 10%
COZL DATA: . v
Conducter 0.D. * &-¥6 "' ?‘% | SECTION VIEW
Hole Diameter * 0.2§ Ny
Turns 12 l
Water Paths 2 185 73-
Ave. Turn Length +80.0" r
S 3l
WEIGHTS: S
Coil & Insul. 2%6 /. - '
Core - \
Support \\

Total Magnet Assembly

CALCULATION CONSTANTS 3

Fe 6.

“ﬂ




Table 1 Injection Elements 150 GeV Nominal Setting

Element Type Current Bend Max {mum
(Amps ) - Angle Current
(mrad) (Amps)
€22 Bump 40" 10 -0.125 70
Main Ring éc;u, Dipole
€32 Bump 40" 4 -0.05 50
Main Ring Dipole
D38 Bump 40" 10 - 0.125 50
Main Ring Dipole
D46 - E17 Bump 40" 20 -0.25, +0.25 50
Main Ring Dipoles
Lambertsons Dipoles
E@ Upstream 60" 12 -0.22 100
Trim Dipole
€9 Downstream 60" 18 0.33 100
Trim Dipole
E@ Lattice 34" 20 - 50
Matching Quad Quad - :
C48 Kicker 6m Ferrite 28 kv -0.25 70 kv
Main Ring Dipole-
E17 Kicker 4m Ferrite 43 kv 0.33 70 kv
Tevatron Dipole
E11 Bump Correction Coil 12 -0.2 50
Tevatron Dipole
E13 Bump Correction Coil 3.6 -0.06 50
Tevatron Dipole
E15 Bump Correction Coil 3.6 -0.06 50
Tevatron Dipole
E17 Bump Correction Coil 12 -0.2 50
Tevatron Dipole
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