¢ Brookhaven

National Laboratory
BNL-101945-2014-TECH
AD/RHIC/33;BNL-101945-2013-IR

The Role of an Intermediate Linac in Matching The H=3 Heavy Ion Injection
Cycle of the Booster

M. J. Rhoades-Brown

January 1988

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



.

|

Accelerator Development Department AD/RHIC-33
BROOKHAVEN NATIONAL LABORATORY

Associated Universities, Inc.
Upton, New York 11973

RHIC TecHnicaL NoTte No. 33

THE ROLE OF AN INTERMEDIATE LINAC IN MATCHING
THE H=1 TO H=3 HEAVY ION INJECTION CYCLE OF THE BOOSTER

M.J. Rhoades-Brown

January 7, 1988



The Role of an Intermediate Linac in Matching the h=1 to h=3

Heavy Ion Injection Cycle of the Booster

‘M.J. Rhoades-Brown

January 7, 1988



Section I - Introduction

The design specifications of RHIC' call for an h=l acceleration cycle in
the Booster, where h is the harmonic number of the Booster radio frequency.
However, because of technical considerations, the initial operation of the
Booster will be in the h=3 mode. It is strongly expected that the h=1 mode
will be developed and added at a later date. As an alternative scheme
however, we discuss in this note the possibility of simulating the h=1 mode in
the Booster by injecting at a higher velocity using an external Linac. In
this way, it should be possible to achieve injection frequencies associated
with the existing h=3 cavities. The question is, How big does this Linac have
to be?

In an earlier report,2 the role of a Linac pre-injector on Booster
space-charge limits and heavy ion particle intensities was studied. All of
the results presented in reference 2 assumed the h=1 mode for the Booster. In
this report, after we determine the required size of the Linac, we will relate
our result to expected particle intensities by expanding on some of the
results from reference 2. '

Section IT - Matching h=1 and h=3

In Figure 1 the three injection arrangements considered here are shown.
Arrangements A and B are in reference 2, and arrangement E is added for the
analysi§ here. Arrangement A 1is currently considered by RHIC injection
scheme.

The synchronous angular velocity w, of the injected heavy ion is given
by w, = V/R where V is the injection velocity and R the Booster radius. Hence
we have;

W, w
HFR HF

ﬂ = he where ws = T (1)
and wg . is the angular frequency of the rf.

The energy of a heavy ion, after acceleration from Tandem and Linac is
m c27 A=m c27 A+ QV_ e (2)
o L (o] T L

where V, is the Linac voltage accelerating charge Q and the notation is
explained in reference 2. Hence, in the non-relativistic limit we have on
combining (1) and (2);

h 9 2QeVL 1/2
£ == ﬂT+

(3)

m c2A
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where f . is the rf injection frequency. Equating the expression (3) when
V, =0 and arbitrary h with h=1l, we determine the following matching condition
for V. i.e. -
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Equation (4) determines how big our Linac should be in MV. For the Booster,
we are interested in putting h=3. Obviously, from figure 1, arrangement E is
more advantages than B, for Q is larger on entering the Linac.

In Figures 2 and 3 the rf frequency (equation 3) is plotted as a
function of V. for h=1. The threshold value of V. 1is determined from equation
(4) on putting h=3. Results for both arrangement B and E are shown for a
variety of heavy ion species. The values for B, and Q were taken from
reference (1) or (2). As: seen from these figures, stripping foil
characteristics dictate that arrangement E is increasingly more efficient over
arrangement B, as the mass number-increases. For Au this difference is a
factor of 2.54. Unfortunately, even for Au, arrangement E still requires a
minimum Lipac energy of 50.78 MV. This is a substantial machine when measured
by any standard.

Section III - Particle Intensities

. We now work out the space-charge limit in the Booster, and the number of
Au ions/bunch in the Booster using arrangement E of figure 1. Arrangement
B will be ignored at this point. For Au we take the minimum Linac
injection energy to be 50.78 MV. For the iq;ensity question, the results are
compared with the standard injection system (arrangement A of reference 2),
where no Linac is present. Both h=1 and h=3 in the Booster (arrangement A)
will be studied in this comparison, and the results of reference 2 will be
used in part.

19

Using the notation of reference 2, the space-charge limit in the booster
for the standard injection system (arrangement A) is,

e 10 Qp + 1
Q

N, =N 1+ (5)



Table 1. S?gge-charge Limits of Booster for Arrangements A and E.
Au, Q,=13, Q=33, V, =15MV, V =50.78 MV.

SC SC
Sv : N N

A E
.1 ,170 x 1oig 1.526 % 1oi:
.3 .509 x 107 4.571 x 10/
.5 .848 x 10 7.615 % 10

Obviously, for *97Au we find Ngc = 9.0 x Nic.

In order to estimate the particle number/bunch in the Booster, it is
necessary to consider the efficiency of the initial multi-turn injection. In
the discussions of reference 2, we assumed 100% stacking efficiency for an
eight turn injection and 50% stacking efficiency for a 32 turn injection.
These assumgtions appear compatible with the recent numerical simulations of
Wei and Lee who achieved 80% stacking efficiency in a 20 turn injection. For
the discussion in this paper we assume the stacking efficiency of reference 2.

The number of revolutions N, possible for a given pulse length P! from
the Tandem is;

ﬂTcPL VLQ 1/2
= — 1 + (6)
2R vTiQT+1i
- Table 2. Number of Revolutions in Booster for VL = 50.78 MV. 197Au

ph N

40 ps 8

80 pus 16

110 ps 22

200 pus 41

500 us 103

Let us finally work out and compare the number of injected T au
ions/bunch in the Booster using a 50.78 MV intermediate Linac, shown in Figure
1 as arrangement E. We also tabul?te the number of ions/bunch using the
standard or accepted injection system i.e. arrangement A of reference 2. For
this arrangement we show results for h=1 and h=3, where for the latter we
simply divide the results for h=1 by a factor of 3. The particle intensities
worked out in Table 3 below assumed the str%PQ;ng foil efficiencies and device
transmission factors in the RHIC manual., ~ For the Linac we assume a
transmission factor of .5. Even if these numbers change slightly in the near
future, the general qualitative conclusions presented here will not change.



Table 3. Number of '°"Au ions/bunch in the Booster, as function of Tandem Source Current
1% and Pulse Length P,

# Injected |# Injected |# Injected [# Injected |# Injected |# Injected in
IS -PL in 8 turns {in 32 turns¥*]in 8 turns in 32 turns*|in 8 turns in 32 turns¥
. h=1_ h=1 h=3 h=3 with Linac with Linac
80 pa| 40 ps|.048 x 107 | --- x 16?3 016 x 1012 —-- X 1012 .024 x 1012 --—- x 1oi2
80 pA| 80 ps|.096 x 10, f --- x 10, 1.032 x 10 | ---x10°1.024 x 107’} --- x 10}
80 pA[110 ps|.132 x 10, | --- x 10, 1,044 x 10 | --- x 10,°}.024 x 10.°| --- x 107
80 uA|200 ps).138 x 10§ --- x 10/ 1.046 x 10 | --- x 101°].024 x 10)°].0474 x 107
80 uA|500 ps|:138 x 10 276 x 10°°|. 046 x 10 .092 x 10°°1.024 x 10*°| 0469 x 10
110 pA| 40 ps|.066 x 1013 R 1oig 022 x 1012 - x 1ofz .033 x 1oi§ - x 1012
110 pA} 80 psf.132 x 10, 1| --- x 10 1.044 x 1070} --- x 101°/.033 x 10)°f --- x 107
110 pA}110 ps|.182 x 10 ---x 10 .0607 x 10 ---x 10 .033 x 10 --- x 10
110 pA[200 ps].190 x 10*°| --- x 10*°[.0633 x 10*°| --- x 10%°].033 x 10'°|.0649 x 10°
110 1Al500 ps!.189 = 10°] .379 x 10%°] . 0633 x 10*°] .126 x 10*°].033 x 10*°|.0644 x 10%°
200 pA| 40 ps[.122 x 1oiz - x 1oig .0407 x 10127 - x 10i2 061 x 10 | --- x 1012
200 pA| 80 ps|.243 x 10 --- x 10°%].0810 x 10 --- x 107%°f.061 x 10 --- x 10
200 pA|110 ps|.333 x 10*°] --- x 10'°}.111 x 10*°| ---'x 10*°].0605 x 10*°]| --- x 10*°
200 pA[200 ps|.335 x 10%°| --- x 10%°].111 x 10*°| --- x 10'°|.0571 x 10*°}.114 =x 10'°
200 pAl500 psi.345 x 10*°| .690 x 10'°|.112 % 10*°| .23 x 10*°|.0586 x 10*°].117 x 10*°
300 pAl110 psl.499 x 10°°] --- x 10°°].166 % 10°°| --- x 10°°].0907 x 10" °| --- x 10°°

#350% Stacking Efficiency.

Table 3 clearly shows the importance of considering the multi-turn
injection scheme in the Booster, when deciding on the usefulness of an
intermediate Linac. For an eight turn injection, the sizable Linac required
to match h=1 with h=3 dictates that a 40 ps pulse from the Tandem is
sufficient for saturation. It is very important to note that for arrangement
A, i.,e. no intermediate Linac and h=1 in the Booster, that the number of
particles/bunch is greater than a factor of 2 over injection following the
50.78 MV Linac. The factor of 2 is for a 40 ps pulse; for a pulse of length
200 ps this factor is seen to be approximately 5.8. Even for h=3 and no
intermediate Linac the number of ions/bunch is larger than arrangement E if -
the pulse length is longer than 60 ps. If we increase the transmission factor
through the Linac to .8, the same argument holds for h=l1 and no Linac, and a
80 ps pulse for h=3 and no Linac. As_ far as particle intensities are
concerned, the presently available jon sources make the intermediate TLinac a
poor proposition, even when compared to h=3 in the Booster with no Linac.

Turning the argument around, in order to reach the required in%%ﬂgityl,z
of 2.2 x 10" iomns/bunch with a 50.78 MV intermediate Linac for Au, we
require an ion source of 7.33 mA for a 110 ps pulse and an eight turn
injection. For a 50% efficient 32 turn injection a 3.86 mA is required for a
200 ps pulse. Obviously, these sources are not available at the present time,
but these numbers are useful for near future discussions of ion sources and
intermediate Linac requirements.



Section IV - Conclusions and Suggestions for the Future

L

2)

3)

4)

It is indeed possible to match h=1 and h=3 modes in the Booster using an
1ntermed1ate Linac, however the machine reﬁtlred is quite substantial,

“For '°C we require a 118 MV %1nac and for Au a %%778 MV Linac. = This
-corresponds to 59 MeV/A for "“C and 8.51 MeV/A for Au. These numbers

correspond to arrangement E in figure 1, i.e. the stripping foil before

_the Linac. For arrangement B, i.e. the stripping foil after the Linac,

the required linac voltage is scaled upwards as in figures 2 and 3.

The wvastly different Linac specifications, for different heavy ion
species, will present a design problem in itself. Not only is the Linac
required quite substantial but the energy verses mass requirements go
beyond existing Llnacllspec1f1catlons For 1nf§ance the Stony Brook
system can accelerate C to 10 MeV/A but for Au only 2.5 MeV/A is
possible. We note that the Stony Brook system is considered a major low
energy heavy ion facility that took several years to achieve its present
status.

The stacking efficiency in the booster dictates that the number of
particles/bunch will decrease significantly in the booster if an
intermediate Linac is utilized. 1In fact, even the h=3 mode and no Linac
is preferable on this count, with the present heavy ion sources.

In view of the above discussions and the results of reference 1, it
strongly appears that unless significant advances in heavy ion source
currents are made available, the intermediate Linac concept has mno role
to play in RHIC.

Combining the above results strongly suggests that the introduction of
an intermediate Linac to match h=1 to h=3 heavy ion injection cycles of
the Booster is not practical with presently available heavy ion sources.
In particular, the results of Table 3 show Elearly that in order to
achieve the required intensity of 2.2 x 10 ions per bunch in the
booster, that the h=1 mode has to be made gvilable.

For instance, if we focus on an eight turn injection scheme, and a 110
us pulse from the Tandem, arrangement E of figure 1, wit?97the
intermediate Linac, would require a source current of 7.33 mA for Au.
On the contrary the so-called standard injection scheme with no Linac
(arrangement A of figure 1) would require 180 pA for the same pulse
length in an h—l mode but 540 pA in th?g?—S mode. At the present time
approx1mately 90 pA are available for Au.

g T e DT LR L AT L e

PRREEES - Feve R

"”5f‘¥*‘The'fdiSCUS§i6ns*“Eﬁa'“résults of thls paper obv1ously' show that the

intermediate Linac idea only makes sense if technological leaps are made
in heavy ion sources in the future. We note major developments are
currently under way at both Argonne and GSI in Damstadt.
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1.

Schematic diagram of the standard injection scheme (Arrangement A),
and the injection schemes with an intermediate Linac (Arrangements
B and E), to be considered here.

Graph of booster rf frequency for h=l at injection YgrsegaLinac
ggltage in MV. The threshold values for the species c, S and
C are shown by arrows. The dotted line is for arrangement B and

‘the solid line for arrangement E.

Graph of booster rf frequency for h=1 at injectionuxprses %%?ac
voltage in MV. The threshold values for the species I and Au
are shown by arrows. The dotted line is for arrangement B and the
solid line for arrangement E.
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