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Abstract the longitudinal and transverse matching between injector
Nznd RTM-I (Interface-1), and between the two Microtrons
n

A Continuous Wave Cascade Racetrack Microtron (RT ,
nterface-2) are now in progress.

is being built at the Institute of Accelerating Systems al
Applications (IASA). Making optimal use of the available RTM-II
equipment (obtained from NIST and the University of Illi-
nois), a two-stage = 1 Cascade scheme with optics simi-
lar to those of the Mainz RTM was adopted. The IASA CW T
RTM will provide a variable output energy from 6.5 to 246 Pttt !
MeV, with current intensity exceedingOuA. The LANL | INTERFACE2
side-coupled linear accelerator structure operates at the RF e !
frequency of 2380 MHz. The new design provides excel-

lent emittance characteristics. Details of the optics design, RTM-I
stability and operation criteria of the Athens CW Cascade HH—HH
RTM are presented. . TmTmmmmmmeeees
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1 INTRODUCTION Chopper -~ "
H H =

Buncher Injector Linacs

The IASA Continuous Wave Race Track Microtron is be-
ing built mainly from components of the NIST/LANL and
the University of lllinois research RTM projects [1]. The
adopted scheme consists of a 6.5 MeV injector linac folf
lowed by a cascade of two Race Track Microtrons with

output energies of approximately 42 and 246 MeV respec- The main characteristics of this configuration are sum-
marized in Table 1.

igure 1: Schematic View of the IASA Cascade Microtron

tively.
([ZBhv?lerrze.lsons for this choice among other alternatives NIST T RTVET T RTVAI
) Injection Energy [MeV] 5 6.5 42.3
e Highest output energy obtainable with the available Gain per Turn [MeV] 12 1.43 8.5
RF equipment and end magnets. Number of Recirculations| 15 25 24
, ) i i Max Output Energy [MeV]| 185 42.3 246.7
e Stable operating environmentand a simple tuning pro-p1ax Current [.A] 550 100 100
cedure. Frequency [MHz] 2380 | 2380 | 2380
The cascade scheme philosophy was originally sug/ncremental Number 2 1 1
gested and successfully realized in the MAMI acceleratprMagnets Field [T] 1.0 | 0.2379| 1.414
13]. RF Power Consum: [KW] | 305 30 143
End Magnets Spacing [m]| 12.5 | 3.25 8.6

2 GENERAL CONSIDERATIONS Table 1: The main characteristics of the IASA Cascade

A schematic view of the proposed IASA Cascade RTM i&TM compared to the original NIST/LANL design.

given in Figure 1. In this variant the injector consists of the

original 5 MeV NIST injector linac, followed by a longitu-

dinal matching system, which will also serve as an energy 3 RTM CALCULATIONS

booster to 6.5 MeV [4]. This energy increase can easily be

accomplished by a 1.0m/1.43MeV linac, which is realized he numerical code RTMTRACE [5] is being used to in-
by reconfiguring one of the two 4m main linac sections ofestigate the beam dynamics of the RTM. The results given
the original NIST RTM. The first stage, RTM-I, also uses delow were obtained by integrating the equation of motion
similar 1m linac, while the remaining linac section, whichin the linac and the end magnets and by using matrix trans-
is about 6m long, will be used for RTM-II. Studies forformations to model the drift space and quadrupoles. RTM-



TRACE includes space charge effects and can calculate ac- 4 BEAM BREAKUP STUDY
ceptances or input emittances for given output parameteré. . -
Simol tics i din both the first and d st ne of the main processes that limits the beam current
IMple optics 1S used In both the TIrst and second SlagG;p 4y pe accelerated is the Beam BreakUp effect

of the RTM. Transverse focusing is provided by a palg

of quadrupoles symmetrically installed at each linac sid BBU). In cumulative BBU, RF noise in a transverse mode
q P yn cally . I the first section of a linear accelerator causes deflection
on the common axis. This type of optics possess enou

strength to ensure stable transverse oscillations %I? the beam which can result in an exponential size grow
' of the beam. In recirculative BBU, the primary beam is de-

flected by the magnetic field of the transverse mode. This

3.1 Acceptance Calculation Results beam then interacts on the second pass with the longitudi-

o nal electric field and energy is fed into the mode from the
The results of the longitudinal and transverse acceptanggam.

at the entrance of each Microtron are presented in Table 2. 7 vectorized two-dimensional beam breakup code [6] is

The area of the longitudinal acceptance is about two timgeing used to simulate bunch dynamics in a recirculating
larger than in the original NIST RTM-design. accelerator. The bunch position and momentum and cavity
excitation diagnostics can be traced out and a BBU thresh-

Acceptance RTM-1 | RTM-II old current estimated. A preliminary BBU study for the
Longitudinal [r MeV-deg] | 1.04 10.65 Athens RTM comes to following conclusions:

Horizontal fr mm-mrad] 34.1 189.9 ] ]

Vertical [r mm-mrad] 41.2 219 e The threshold current is estimated to bg, =

1.5m A, well above the maximum current supplied.

Table 2: Calculated Iongltgdlnal and transverse acceptance, The threshold current in the second stage (RTM-II)
at the entrance of each Microtron.

is larger than the threshold current in the first stage
(RTM-I).

3.2 Sensitivity Assessment 5 INJECTOR OPTICS CALCULATIONS

In order to estimate the sensitivity of the output beam paFhe optics of the transport line and the preaccelerator sec-
rameters to misalignments or errors in the input beam péen has also been extensively studied [7]. The purpose of
rameters and field settings, the relative change of the lothis study is the better understanding of the injector func-
gitudinal and horizontal RMS emittance has been investiionality, since this part of the accelerator plays an impor-
gated. The following misalignments have been simulatedtant role in the definition of the beam characteristics and in
the longitudinal matching with the first stage RTM-I. Both
e Injection beam misalignment in Energ ) and in - TRANSPORT and PARMELA codes used for the simula-
Phase A¢) tion show an identical beam behaviour (Figure 2).

N
T

e Error in the field setting of the end magnefsR/B)

X Profile (rm)
o
T

e Error in the accelerating field strength /1)

o
o

All these options of mismatching influence primarily the
longitudinal beam characteristics. The relative change of °
the longitudinal emittancée,.: — €in;)/€in; is listed in -05
Table 3.
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(eout—emj)/emjinlOO% S P N R R RN B R
Simulated Misalignmenf RTM-I | RTM-II o
AE = 40keV 1.8 0.
A¢ = ldeg 0 0-77
Ad = 0.3mm 0.3 0.1 Figure 2: Comparison of the PARMELA and TRANS-
AB/B =0.2% 3.6 1.7 PORT (solid line) Results on the 100 keV Beam Profile.
AW/W =0.2% 0.1 0.2 Main Focusing Elements are Solenoid Lenses.

Table 3: Rel-ative Change (%) in the IOngitudinaI emittance Space Charge effects are not neg||g|b|e in this energy re-
caused by simulated misalignments. gion but they can be compensated by the existing optical



elements of the line.

6 CONCLUSION

The two-stage Cascade scheme for the Athens Microtron
described here has been chosen among three variants be-
cause of its simplicity, stable operation and optimal use
of the available equipment. It operates with smaller RF
consumption than the original NIST configuration and pro-
vides a satisfactory acceptance and low sensitivity to ex-
ternal misalignments. The threshold current for a Beam
Breakup effect is estimated to be well above the limits sup-
plied by the machine, while optics studies for the injector
and the matching systems are in progress.

7 REFERENCES

[1] S. Penner et al.Progress Report on the NBS / Los Alamos
RTM, IEEE Transactions on Nuclear Science, Vol. NS-32
(1985) 2269-2271
L.S. CardmanThe lllinois Cascade Microtron: A proposal for
a High Duty Factor, Intermediate Energy Electron Accelera-
tor, IEEE Transactions on Nuclear Science, Vol. NS—30 (1983)
3267-3273

[2] A.V.Tiunov, V.I. Shvedunov, I.V. Surma and K. Hizanidis, C.
Trikalinos, C.N. Papanicola®ariants of Optics Schemes and
Accelerator Configurations for the Athens Microtron: Prelim-
inary ConsiderationsPaper presented at the PAC95 Confer-
ence (1995), Dallas, USA
A.V. Filippas, A.V. Tiunov and 1.V. SurmaOptics Schemes
for the Athens CW RTMEuropean Research Conference on
Nuclear Physics: Polarization in Electron Scattering (1995),
Santorini, Greece
A.V. Tiunov, I.V. Surma and A.V. Filippasvariants of Optics
Schemes and Accelerator Configurations for the Athens Mi-
crotron, Internal Report IASA—01/95

[3] H. Herminghaus et al.First Operation of the 855 MeV CW
Electron Accelerator MAMIProc. LINAC Conference 1990,
Albuquerque, New Mexico

[4] H. Herminghaus:First Order Design Proposal of the IASA
Microtron Cascadgelnternal Report IASA-02/95

[5] V.G.Gevorkyan et al., VINITI No. 183-B89, Moscow, 1989
(in Russian)

[6] B.Bowling, D. Douglas, G.A. Krafft, N. Seren@DBBU — A
Vectorized Two Dimensional Beam BreakUp Simulation Code
CEBAF, 1993

[7] N. Sparveris:Optics Studies on the 5 MeV Injector Line for
the IASA Microtron Diploma Thesis, University of Athens,
1996, unpublished



