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Abstract

The transition jump system has been indispensable to the

high intensity proton operation of the AGS complex.
Nevertheless, transition crossing remains one of the major
hurdles as the accelerator complex intensity is pushed
upward. To enhance the performance of the system
‘quadruple pumping’ in the Booster is used to minimize the
necessa-y longitudinal dilution of the beam on the AGS
injection porch. During the transition jump sextupole
correctors at strategic locations are pulsed to minimize the
effects of the chromatic non-linearity of the jump system.
The available instrumentation for diagnosing the
performance of the system will be described, along with
performance at the recent record beam intensities.

1 INTRODUCTION

The gamma jump system at the AGS is in operation since
1994. It consists of three quadruple doublets positioned
symmetrical around the ring. When these quadruples are
powered, they produce lattice perturbations resulting in a
change of the transition energy. During acceleration of the
beam in the AGS these quadruples are slowly ramped as
the beam nears the transition energy of the unperturbed
machine. The beam remains below transition in this way for
a longer period. When the beam energy is well above the
transition energy of the unperturbed machine, the currents in
the quadruples are crowbarred to produce a fast change of
the transition energy of the lattice and therefore an effective
fast crossing of transition. Since the time constant of this
crowbar is proportional to the inductance of the load each
quadruple magnet has its own charging supply and crowbar
circuit. A more detailed description of the system can be
found in [1,2] and references cited there.
The large distortion to the machine lattice inherent to the
jump implies that the beam momentum spread, hence
Iongitudinat emittance, is the critical beam parameter near
transition.
The following will outline the strategies, which have been
employed during the high intensity proton running period for
the High Energy Physics program of FY98 and FY99. The
first involves RF gymnastics in the Booster aimed at
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reducing the Longitudinal emittance of the beam in
~,pid’+:

The second involves powering sextuples

~a~~:% “installed hardware to counter the non-linear e f
transition jump system.
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2 REDUCTION OF THE BEAM
DILUTION IN THE AGS

Optimizing beam intensity in the AGS involves a
compromise between conflicting needs to create the most

stable conditions on the long injection porch, and to produce
a beam with minimal momentum spread for the transition
jump. Beam properties relevant to front porch stability
issues include the peak beam current, the momentum spread
as well as tranverse dilution. The beam has been
longitudinally tnismatched upon transfer from the Booster to
the AGS in previous years and an RF cavity with a
frequency about forty time that of the accelerating RF has
been used, which smooths and speeds filamentation of the
beam increasing the longitudinal emittance and the beam
stability [3,4]. At transition this results in increased beam
losses, because the beam size increases so much, which is a
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Figure 1: The wall currentmonitorsignal showing the

peak current density variations in the Booster before
transfer to the AGS. Horizontal scale is 1 msk
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and

Yn = III Cos(n.@l + VI) + Bz cos(r@2 -t qz) (9)

where +1 = 2@l and 42 = 2TQ2. Here we see that the

motion in each plane is the superposition of two modes of

oscillation, and the tunes (Ql, Q2), amplitudes (Al, A2,

~1, 132) and phases (dl, #JZ,VI, VZ) are the 10 parameters
that characterize the oscillations. These parameters are not
all independent; the amplitudes and phases are each func-

tions of only 4 independent parameters, the initial positions

and angles Xo, XJ, YO,Y( of the beam elIipsoid center. In-
cluding the tunes, there are therefore only 6 independent

parameters and these ultimately are what one wants to ob-
tain from turn-by-turn measurements.

To observe the turn-by-turn evolution of the beam posi-
tion, it is necessary to chop the beam so that a short pulse
corresponding to each turn can be seen on PUE’S (PickUp
Electrodes) in the Booster ring. The chopper is located in

the transport line upstream of the Booster, and consists of
two parallel plates with one plate above and the other below

the midplane of the beamline. The upper and lower plates
are connected respectively to pulsed and DC high-voltage
power supplies, and the beam is deflected vertically by ap-
plying voltages to the plates. In the past, the chopper has
been set up so that only a half-turn pulse of beam is trans-
mitted down the beamline and injected into the Boosteu the
turn-by-turn evolution of the half-turn can then be observed
on the PUE’S in the ring. In this mode of operation, beam
is transmitted down the line only when the upper plate is
pulsed with a voltage which just cancels a DC bias voltage
applied to the lower plate. Putting only a half-turn pulse

(some 7.5 ps) down the line is, of course, destructive to the
Physics programs; they require the full long pulse from the

ion source (typically 500-1000 us) which corresponds to
several tens of turns around the ring. However, the chopper
also can be setup so that all of the long pulse is transmit-
ted except for a half-turn portion which may be seleeted
from any part of the long pulse. In this mode, no bias volt-
age is applied to the lower plate and beam is transmitted
down the line except when a deflecting pulse is applied to

the upper plate. The deflecting pulse produces a half-turn
gap or “hole” in the long pulse that is essentially invisible
to the Physics programs and at the same time provides a
turn-by-turn signal on the PUE’S. We have found that the
turn-by-turn evolution of this “hole” is essentially the same

as that of a half-turn pulse of beam by itself. This mode of
operation allowed us to make several turn-by-turn measure-
ments of the injected beam without interrupting the Physics
program.

A computer program called “PIP” [4] collects and an-
alyzes oscilloscope traces of the turn-by-turn signals ob-
tained from a given PUE in the Booster ring. The pro-
gram first obtains the position of the injected beam ver-

sus turn at the PUE; a Discrete Fourier Transform of the
data then gives the normal-mode tunes and initial phases
associated with the coupled betatron oscillations. Using
these as starting values, the horizontal or vertical function

(8-9) is fitted to the data. From the fitted parameters and
n’

the lattice parameters at the PUE and at the inffector exit,

the program then calculates the initial positions and angles
of the beam at injecticm. Figure 1 shows typical position-
versus-turn data along with the fitted curve; the FFT of the

data is shown in Figure 2. Here the normal-mode tunes
are Q1 = 4.699(l), Q2 = 4.801(1). Whh these tunes the
injected beam returns to its initial position every 10 turns;

hence, a maximum of 10 turns can be injected into a phase-

space layer before the bumped orbit must be moved away
from the septum. Figures 3 and 4 are the corresponding
figures for another set of data. Here fie normal-mode tunes

are Q1 = 4.736(l), Q z = 4.803(1) and the injected beam
returns to its initial position every 15 turns.
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Figure I: position- vs-Turn Data and Fitted Curve.
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Figure 2: FFT of Position-vs-Tum Data.

3 INJECTION SETUP

The turn-by-turn measurements provide a useful tool for

setting up various coupled injection schemes. Although
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Figure 3: position-vs-Tum Data and Fitted Curve.
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Figure 4: FFT of Position-vs-Tum Data.

not yet implemented in practice, one can proceed in the
following way. A given scheme is defined by the settings
of the unperturbed (i.e. uncoupled) horizontal and verti-

cal tunes, Q= and Qv, and the skew quadruple current,
1. These determine the normal-mode tunes, Q1 and Qz,

and the amount of coupling between the two planes. Using
the MAD code to obtain the necessary parameters, equa-
tions (6-7) then give the maximum horizontrd and vertical
extent of the beam at the septum and at the vertical beta
maximums in the Booster. This allows one to determine

how far the orbit has to be moved to keep the beam from
hitting the septum. It also tells us when the vertical en-
velope becomes too large in the Booster dipoles. We de-

fine XM to be the maximum horizontal excursion of the
beam ellipsoid center on its passes by the septum at the
inflector exi~ XM + = must not exceed 45 mm in

order for the injected beam to be inside the Booster accep-
tance once the injection bump has collapsed completely.
Similarly, we define YM to be the maximum vertical ex-
cursion of the ellipsoid center at the vertical be{a maxi-

mums in the Boostev YM + <~ must not exceed 33
mm. (We assume that the closed orbit is centered in the

dipoles.) Assuming the incoming beam has an emittance
of Ir mm milliradian in both planes, one finds that for a

10-tum scheme similar to that of Figure 1, three layers of
10 turns can be injected before the vertical beam envelope
becomes too large in the Booster dipoles. For a 15-tum

scheme similar to that of Figure 3, one can inject two lay-
ers of 15 turns before the vertical envelope becomes too

large. To put beam into additional layers, one must re-
duce the coupling so that the vertical envelope does not
increase any further. One way to do this is to move the
uncoupled tunes further apart. (In practice one can change

the tunes faster than the skew quadruple current.) For
the 15-turn scheme, a shift of the vertical tune reduces

the coupling and allows two more layers to be injected
with 9 and 19 turns respectively. In principle, a total of

62 turns can then be injected; the relevant parameters are
summarized in Table 1. Here the normal-mode tunes are

Q1 = 4 + 11/15= 4.733, Q2 = 4 + 12/15= 4.800, and
the required skew quadruple current is 3.7 Amps. Xb and
XL are the horizontal position and angle of the bumped cm-
bit at the inflector exit the units are mm and milliradians.
In practice we have not yet injected this many turns. Anec-

Table 1: Coupled Injection Scheme

Qz = 4.7767, Qy = 4.7567
Layer I & I Xi j Turns I XM I YVI

1 I 41.81 I 6.58 I 4 I 10.00 I 10.32
I 2 I 34.19 I 5.38 I 15 \ 17.61 I 18.19 I

3 I 26.58 I 4.18 I 15 I 25.23 \ 26.05

Cl. = 4.7767, Q,, = 4.7000
4 1~96 2.97 ‘-9 32.85 22.89
5 11.34 1.78 19 40.47 28.20

dotal evidence suggests that the stripping foil in the beam-
Iine upstream of the Booster may significantly increase the
beam emittance, so that the number assumed above maybe
too small. Nevertheless, we believe that our measurement
technique and an injection scheme similar to the one above
will prove useful during the upcoming commissioning of
RHIC.
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