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A series of compact linear electron accelerators for 1

.9, 2.5 and 4.0 MeV equipped with a local radiation shield-

ing has been designed and constructed in the NPK LUTS, the D.V. Efremov Institute (NIIEFA). The accelerators
are intended for mobile facilities used for customs inspection of large-scale containers. Results of optimizing calcu-
lations of irradiator parameters and electron dynamics, verified under accelerators’ testing, are presented in the re-
port. The main design approaches allowing the construction of unified accelerators with interchangeable accelerat-

ing structures for energies in the range of 1.9...4.0 MeV
PACS: 29.17.+w

The main specific feature of these accelerators is the
use of identical structural elements such as high-voltage
modulator, control system, radiation shielding and heat
exchanger. The machines differ only in standing wave
accelerating structures, being a component of the irradi-
ator unit. Outline dimensions of the structures are the
same, which allows us to choose a required energy by
installation of a proper structure in the irradiator with
the rest units unchanged.

The accelerating structures are of equal length (O
290 mm) and differ only in the geometry of cells in the
main accelerating part. The total number of cells in each
structure amounts to 15; and to make simpler the design
of cooling casing, RF power is put in through the last
cell Ne 15. Bunchers optimized for the results of per-
formed calculations of longitudinal and transverse dy-
namics are identical in all the structures and consist of
nine cylindrical cells with azimuth coupling slots.

Cell Ne 10 is a matching cell. Its length is different
in different structures and is chosen so that a bunch of
electrons is placed in the field maximum in the main ac-
celerating part.

The main accelerating part in all the structures com-
prises cells from the 11™ to the 15", Passing through this
part electrons acquire the energy gain, which under
equal power of the RF generator (1.8 MW) and beam
current (0.02 A) differs drastically, approximately from
1 to 3 MeV depending on the model. This can be ac-
complished, in particular, by intentional lowering Q-fac-
tor and shunt-impedance of accelerating cells at low en-
ergies and by increasing these parameters at an energy
of 4.0 MeV. To this end, the cylindrical geometry has
been chosen for cells of the main accelerating part for
1.9 MeV and 2.5 MeV models. The heights of accelerat-
ing cells and coupling cells are 10 mm and 32 mm for
the 1.9 MeV model and 15mm and 28 m for the
2.5 MeV model, respectively. In the 4 MeV accelerator,
38 mm accelerating cells are of U-shape geometry. Cou-
pling cells with the minimum length of 4.0 mm keep
more traditional cylindrical geometry. In spite of high
accelerating fields (up to 40 MV/m at 1.9 MeV), no
HV-breakdowns were observed during RF-processing
of accelerating structures due to low overvoltage ratio
and use of an ion pump with a pumping speed of 16
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are also given.

1/sec.

The performed optimization allowed us to attain
up to 90% capture of particles in the acceleration mode
at a diameter of accelerated beam less than 2 mm. In
this case the beam focusing was done with only RF ac-
celerating field without any focusing coils. The field
amplitude over the buncher length was increased by a
factor of 23 at a zero beam current.

The calculation curves describing the accelerating
field distribution, electron energy and radial distribu-
tions of 1.9 and 4.0 MeV particles are shown in Fig.1,2.
Data on the particle capture and the beam radius have
been experimentally verified; however, no energy spec-
trum measurements were made. Measured X-ray dose
rate at 1 m distance from the target for the 4 MeV ener-
gy was 0.4 Gy/min; the dose rate stability within 2 min-
utes was at a level of 2.2%.

At the customer’s request, facilities for customs in-
spection must be equipped with a local radiation shield-
ing. Block design of the radiation shielding made of
tungsten, lead and steel allows easy access to the elec-
tron source, X-ray target, RF feedthrough and other
components for maintenance in the process of operation
(Fig.3).

Detailed computations of the shielding by the
Monte-Carlo method taking into account X-ray radia-
tion and photon scattering have allowed us to find an
optimal configuration of radiation shielding blocks. Ra-
diation background in any point at a Im distance from
the irradiator was measured for electron energy
2.5MeV with a closed collimator aperture. The mea-
surements have demonstrated that the leakage dose rate
was no more than 2 pSv/h (specified 5 puSv/h) [2].

All the accelerators also meet the vibration resis-
tance requirements, and due to the available condition-
ing system can operate under “all-weather” conditions.
Another factor of primary importance for a trans-
portable facility is minimization of its weight and over-
all dimensions. As a result of integrated design ap-
proach, taking into account diversity of requirements,
we succeeded in creation of a rather compact 1480 kg
irradiator (the shielding included) with dimensions 850x
700%975 mm (Fig.4). Inside the modulator cabinet the
equipment of pulse forming network is located.
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E +0 B, MV/m HEIMANN 1.9MeV;1.6MW;0.0A;2998MHz

E +1 N (R) HEIMANN 1.5MeV;1.6MW;0.0A;2998MHz
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E +1 N (W) HEIMANN 1.9MeV:1.6MW;0.0A;2998MHz
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Fig.1. 1.9 MeV beam distributions: a - accelerating field; b- particle
density in the transverse plane; c - energy spectrum
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Fig.2. 4 MeV beam distributions: a - accelerating field; b - particle

density in the transverse plane; c - energy spectrum

Modern electronic components applied in the modulator
enabled the reduction of its weight and dimensions. The
modulator cabinet is sealed; constant temperature and
humidity conditions are kept inside it, as well as in the
irradiator, due to air supplied from a conditioner. The
modulator cabinet sizes are: 850x600x%1375 mm; the
weight amounts to 425 kg.

For temperature stabilization in the accelerating
structure and magnetron (over a wide range of tempera-
tures -25...+45°C), the ALIZE 3 SP refrigerator of the
DELTA PROCESS firm is used. Inhibited antifreeze
with a freezing temperature of -30°C is used as a cool-
ing liquid.

Fig.3 Radiation shielding

After manufacturing the equipment of the 2.5 MeV
accelerator, factory tests and tests at the Customer’s site
were carried out. The tests demonstrated that:
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Fig 4. Irradiator

the accelerator is made at a modern state of the
art; the results of leakage radiation measure-
ments points to high accuracy of the local
shielding computations;

measured parameters of the accelerator meet the
requirements imposed on customs inspection fa-
cilities.

All said above makes it possible to claim that nowa-
days NPK LUTS, NIIEFA can design and construct
compact linear electron accelerators for customs inspec-
tion with a high quality of the accelerated beam. All the
accelerators in the aforementioned range of energy are
manufactured on the basis of unified documentation in
one and the same design, which makes possible to sig-
nificantly reduce terms of their manufacturing and cost.
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YHUOULUPOBAHHBIN JIMHEHHBINA YCKOPUTEJIb CO CMEHHBIMHU YCKOPSIOIUMHU
CTPYKTYPAMM B IUANIA30HE SHEPT U 1.9...4.0 M3B,
MCNOJIb3YEMBbIHI /151 TAMOKEHHOI'O KOHTPO.Is1

A.A. Byomoes, A.Il. Knunoe, A.C. Kpecmvanunos, A.B. Paoyos, C.IO. Yoosuuenko

B HIIK JIVI] HUND®A pa3zpaboTaHbl ¥ W3TOTOBICHBI HECKOIBKO MOJIENEH KOMITAKTHBIX JIMHEHHBIX yCKOPH-
TeJel aeKTpoHoB Ha 3Heprun 1.9, 2.5, u 4.0 MaB, koTopble mpenHa3HauYeHbl ISl TAMOKEHHOTO JJOCMOTpa KPyITHO-
rabapuTHBIX KOHTeHHEpOoB. OCOOCHHOCTHIO pa3pabOTKU SABIACTCS YHH(PHUKALINSA Y37I0B YCKOPUTEIS, YTO ITO3BOIUIIO
TIPH ACTIOJIF30BaHNH B3aMMO3aMEHICMBIX YCKOPSIONINX CTPYKTYP B OHOM W TOM K€ KOHCTPYKTHBHOM HCTIOTHEHUH
MOJIy4aTh YCKOPEHHBIE AJIEKTPOHBI C dHeprui B auanaszone 1.9...4.0 M»aB. [IpuBeaens! pe3yiabTaTbl ONTUMU3ALUN
MapaMeTPOB OOIYUYCHHUSI, KOTOPBIC TIOATBEPIKICHEI TP UCIIBITAHUN YCKOPUTEIIS.

YHI®IKOBAHUM JIHIMHUMN MPUCKOPIOBAUY 31 SMIHHUMH CTPYKTYPAMU,
110 NPUCKOPIOIOTH ¥ TIAITA30HI EHEPTI'IM 1.9...4.0 MeB,
BUKOPUCTOBYBAHUM JJISI MUTHOI'O KOHTPOJIIO

A.A. Byomoe, A.Il. Knunoe, A.C. Kpecmvanunos, A.B. Paoyos, C.IO. Yoosuuenko

Y HIIK JIYL HIIEDA po3pobiieHi i BUrOTOBJIEHI KijbKa MOJejeld KOMIAKTHUX JIIHIHUX HMPUCKOPIOBaiB
eJIeKTpOHIB Ha eHeprii 1.9, 2.5, 1 4.0 MeB, 1m0 npu3HaveHi Ui MUTHOTO OISy BEIMKOTabapUTHUX KOHTEHHEPIB.
Oco06uBICTIO PO3pPOOKH € yHi(iKallis By3JiB IIPUCKOPIOBaYa, IO JO3BOIMIIA IPH BUKOPUCTAHHI B3a€MO3aMiHHIX
CTPYKTYP, 110 MPUCKOPIOIOTh, Y TOMY CaMOMY KOHCTPYKTHBHOMY BUKOHAHHI OJIEp)KyBaTH MPUCKOPEHI ENEKTPOHH 3
eHepricto y miamazoni 1.9...4.0 MeB. IlpuBemeHo pe3ynbTaTH ONTHMI3aIlil MMapaMeTpiB OMPOMIHEHHS, IO
M ITBEPIKEHI TIPH iCIIUTI TPUCKOPIOBAIB.
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