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Abstract

A 2856-MHz S-band, 450-MeV electron/positron linear
accelerator is the first part of the injector for the Advanced
Photon Source (APS) 7-GeV storage ring. Construction of
the APS linac is currently nearing completion, and com-
misstoning will begin in July 1993. The linac and its cur-
rent status are discussed in this paper.

I. INTRODUCTION

Electrons are accelerated to 200-MeV by the electron
lina¢, and then impinge on a tungsten positron converter
target. The resulting positrons are accelerated to 450 MeV
in the positron linac and are accumulated in the paositron
accumulator ring prior to injection into the synchrotron.
Positron energy is increased from 450 MeV to 7 GeV in the
synchrotron before injection into the storage ring at final
energy.

The injector portion of the electron linac consists of
a thermionic gun, a single gap prebuncher, a constant
impedance buncher with v, = 0.75¢, and a 3-meter-
long constant gradient travelling wave accelerating struc-
ture. The prebuncher, buncher, and accelerating structure
are powered by a single klystron. Rf power from a sec-
ond klystron is transmitted to a SLED [1] cavity assembly.
The SLED compresses the rf power in lime, proportion-
ally increasing the peak power. The shorter but higher
peak power pulse is split four ways, powering the final four
accelerating structures in the electron linac. A dipole mag-
net is installed at the end of the electron linac for energy
optimization and analysis.

The 200-MeV beam from the electron linac is focussed
down to a 3-mm spot by a set of triplet quadrupoles and
it impinges on a 2 Xg (7 mm) thick water-cooled tungsten
target. A pulsed solenoidal coil just downstream of the
target produces a 1.5 T field focussing the beam into the
positron linac, where nine accelerating structures acceler-
ate the positrons to 450 MeV. The first two accelerating
structures are surrounded by solenoidal magnets for fo-
cussing and containment of the low energy beam, and the
final seven have 24 FODO quadrupoles mounted around
them. Steering magnets are positioned throughout the
linac. The positron linac is powered by three klystrons
and two SLEDs, as shown in Figure 2.

Lead and Heavimet shielding have been incorporated
into the water-cooled target housing for protection of up-
stream and downstream equipment. Beam positioning on
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the target is aided by beam diagnostic readouts and by
minimizing collected charge on a foil iris located in front
of the tungsten target.

The linac beamline is shown in Figure 1, and some pa-
rameters are listed in Table 1.

Table 1
Electron and Positron Linac Beam Parameters.

e~ Linac et Linac
Particle Type e et
Beam Energy 200 MeV 450 MeV
Pulse Rate 48 pps 48 pps
Pulse Length 30 nsec 30 nsec
Particles/Pulse | 3.125 x 10! | 1.563 x t0°
Beam Current 1.7 A 8 mA
Beam Power 480 W 54 W
Beam Emittance | < 1.2 6.6
(mm-mrad}
(AE/E) +0.08 +0.01
# of Acc. Str. 5 9

II. RF SySTEM

A. High Power RF

Klystron amplifiers (Thomson TH 2128) are powered by
line type pulsed modulators which provide 100 MW peak
power to the klystrons. Regulation is done with a com-
mand charge tetrode system and operates at a repetition
rate of up to 60 Hz. Thirty MW of rf power at 2856 MHz
is fed into the accelerating structures which produces an
electric field gradient of about 20 MV /m. The modulators
are discussed in more detail in another paper presented at
this conference [2].

B. Low Level RF

Fhe 2856-MTz low level output of a highly stable mas-
ter oscillator is amplified by a 10-W GaAs FET amplifier,
and is then divided into two separately distributed sig-
nals. One of these signals is distributed to the five klystron
drivers, and the other provides the reference to the VXI-
based phase measurement system.

The klystron driver uses a preamplifier and a 400-W
pulsed driver amplifier [3] whick follows it. Both the
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preamplifier and the pulsed driver amplifier are based on
bipolar transistor technology.

IiI. BEAM DIAGNOSTICS

Twelve beam position monitors (BPMs} [4], three wall
current monitors, and eight fluorescent screens [5], measure
the beam position and current in the APS linac. The gun
current and pulse width are measured by a toroidal cur-
rent monitor located just downstream of the electron gun.
Stripline BPMs, shown schematically in Figure 3, measure
the beam’s position and intensity both horizontally and
vertically with sensitivities of 1.805 4 0.15dB/mm. The
beam’s relative position, spot size, and shape are measured
by fluorescent screens. The video image is frame grabbed,
processed, and displayed. The resulting image is accurate
to approximately 600um. Prototypes of these devices were
successfully used to analyze beam characteristics in a pre-
test of the linac injector [6]. BPMs, fluorescent screens, as
well as average current monitors are instalied throughout
the linac.

iyl
L

1V, nEADOUT AND

The linac control system uses the Experimental Physics
and Industrial Control System (EPICS) tools which
are being developed by the Controls and Computing
group at APS/ANL and by the AT8-GTA groups at
LANL [7). Eight microprocessor-based Input/Output Con-
trollers (IOCs) provide real-time control, monitoring, and
data acquisition services to the linac equipment. Two IOCs
accommodate the beamline equipment, including vacuum,
magnets, cooling water, etc. Each of ihe five rf stations
has a dedicated 10C which acquires its rf and diagnos-
tic measurements at a 60-Hz rate. An eighth [OC han-

TiATagranr

dles the image processing requirements for the fluorescent
screen cameras. The I0Cs are connected to a common
ethernet by which they can communicate with each other
and with the Unix-based Operator Interface workstations
(OPIs}. Several tools are avallable on the OPIs to support
data archiving, alarm management, interactive equipment
control, and backup/restore of machine settings, and are
described in Reference [T}

Beamn diagnostics readout and rf phase and amplitude
measurements have been integrated, together with the ded-
icated microprocessor-based I0Cs mentioned above, into a
common VXI based system. LANL [8] VXI modules were
upgraded for faster pulse response and are used with ANL’s
trigger timing module, constituting the central part of the
system. RI phase is measured using two VXI modules,
a downconverter, and a vector detector, plus conversion
software which computes phase from the detected I and
Q vectors. Measurements repeatable to +0.1 degree have
been demonstrated after appropriate averaging.

V. CONCLUSION

Installation of the APS linac began in earnest in Octo-

ber of 1992. The electron linac installation has been com-
pleted, the beamline is under vacuum, most of the rf power
system is in place, and control systems are operational.
The positron linac installation will be complete by July
of 1993 so that commissioning can begin. Relevant safety
documentation and startup procedures are being prepared
and reviewed now to ensure a timely startup.

V1.

We would like to acknowledge the continuing tremen-
dous efforts of M. Douell, C. Gold, J. Goral, T. Horist,
D. Jefferson, T. Jonasson, J. Kristy, M. Lagessie, S. Pasky,
L. Peterson, V. Svirtun, and D. Yuen in linac installa-
tion; B.E. Clifft for rf design assistance; N. Arnold, K. Ko,
and R. Koldenhoven for the control system; N. Czyz and
R. Lanham for organizing us; D. Fallin and A. Oberfeld for
all of the drawings; C. Zoberis for design assistance; F. On-
esto for expediting assistance; and C. Sheridan, D. Smith,

and D, Vafias for construction assistance. We would nlcn

36108 Aaids U LLLISLIUECLILI AdAbSiSeantll. Qi adist

like to thank L. Rinolfi {CERN) for having provided us
with a pulsed solenoid coil prototype.

ACKNOWLEDGEMENTS

VII. REFERENCES

[1] Z.D. Farkas, H.A. Hogg, G.A. Loew, and P.B. Wil-
son “SLED: A Method of Doubling SLAC’s Energy,”
SLAC-PUB-1453, june 1974.

[2] Thomas J. Russell, “Noise Reduction Techniques

Tlasd A tha T Daura vatron Meadinlatara ot A
USEG Ol 14 111511 L OWer 1uy SUIOH MOGUIAlors at Al

gonne Nalional Laboratory,” these proceedings.

[3] 400 Watt solid state amplifier originally manafactured
by SGS Thomson (now MPD).

(4] Raymond Fuja and Youngjoo Chung, “The APS Linac
Beam Position Monitors and Electronics,” Acc. Instr.
Whkshp. Proc., Berkeley, CA, Oct. 1992,

[5} W. Berg and K. Ko, “Fluorescent Screens and Image
Processing for the APS Linac Test Stand,” ibid.

[6] W. Berg, R. Fuja, A. Grelick, G. Mavrogenes, A. Nas-
sirl, T. Russell, W, Wesolowski, and M. White, “Beam
Measurements of the ANL-APS Linac Injector Test
Stand,” Linac Conf., Ottawa, Can. Aug. 1992

(7] McDowell, Willlam P. , “Status and Design of the
Advanced Photon Scurce Control System,” these pro-

ceedings.

8] C. Ziomek, “Acc lu

mented with t
January, 1991.

606

PAC 1993



. . smm by een B AChLATIR
H o I
4 i E |J REF LnE
£ : = T Gl e
s ! Eg ’—\ : L{‘ 1 CRIVE LINE
H H [ | (i : = =
’ chg -, - -3
L |
e o I 1 or
‘ 7 L | e
4 TR R R BN ; r:u;u:t-u- FOOM IS o
—r - - e
i b STt | i 5§n3§é"1fu~g LN __/_] Sttt RO A
ég ‘ 3 _Y‘??—no—ui \' EEIY 00y _‘?f:wu {ea: s
IR ! iy | [
" ~C =< | |~Q
& Vi oD Yl N
e N ] e
o U S T O
A i do
. \ — N
e o SN
- \ " .§
’ EESS *@mgw M'--‘--Lm—g_ 5@;@% —
@ KorETRIN
G CLECTRIN GLN M AN vALVE
b ouiw - oS i RIFTE
‘;_ & ave g 33 SINGLE CAvITY GAP BUNIHIR f :r“ﬁh; TR
I M e B BLACHER AP SLAC-SLED RESINTCRS
L_I__‘ : - A% ACCELIRATING STRLCTIRE = SCLERQID
- et j °% PLWER SJPPLY A ATTENUATOR (VARIABLD
' ~ PLSITRON CONVERTER LA SHERT-S.D7 RYBRIZ LoNDNIN
I FRe? BT F PrasE SWITUER
1 PIN — . TN SWITCe
—>—  RF AMPLIFIZR
| oum X Qe HYERID LUNTTIIN
[
TR D crtuwerm
e S i L comus
: SN o Eig .
PEUE i FlgUl’E 2
The Linac RF Circuit Diagram.
L |
Delector wire mapping
=g :;7 &)
= i
LR v m
\ = z. Q@ 20 0L4
— c
&J: = S VS T=ErR T
I - 3
LR é % Tg 10 3 = 1-00——oBimm /'/
rl £ 2 2 53
Ca e = \ 7] 1
e} ) - @ 04
b S = B 3 y
S % I
— . ]
. ! T 105
2 £-15
- )
| ! - 7ﬁi r -20% L
L ! 8 6 -4 2 0 2 4 6 B
QU | . 0 -
f-—'- Vertical position millimeters
et
- , , 2-channel Log armp
Lo {_M—“k‘ o 085 I
} ' = E 4
. LE : [ 06 ] ¥505
r T® e 04 . g
1 g 02 o
[ 3
2 oz y
e 0.2 L
S 044 P
3 2 i =
! c 0.6 f{Xy=:062 =00 B
: S -08] 3
- —— g O Uy
el Foo el
SE -10-8-6-4-20246810
‘ég charnel power difference in dB
.%: ,,,,,, [ Owveral senstivity detactor and electronics = 112 mVimm

Resolution +/- 40 microns

Figure 3
‘The Beamn Position Monitors (BPMs) allow a sitnple,
accurate determination of the beam position.

Figure 1
i The Electron and Positron Linac Beamline.
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