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The performances of an accelerating channel of a high-current deuteron linac for production of 99Mo- 99mTc medi-
cal  radioisotope-generator  are  given.  The  radioisotope  is  produced  by  deuteron  beam bombardment  of  natural 
molybdenum targets. The mean yield of 99Mo radioisotope is no less than 0.16 Ci/h. The produced radioisotope has 
the high rаdionuclide purity. The accelerating channel has been calculated for average beam current of 1 mA, and 
deuteron energy of 14 MeV. The longitudinal and transverse movement stabilities of charged particle beam are en-
sured with RF accelerating electric field. The initial section is the radio frequency quadrupole with the output energy 
of 2 MeV, and two other sections are structures with modified alternative-phase focusing. Low deuteron losses in 
the accelerating channel result in low induced activity of accelerating structure elements.

PACS: 29.17.+W, 29.27.-A, 47.75.AK

1. INTRODUCTION
The  short-lived  radioisotopes  are  widely  used  in 

medicine  for  diagnostics  both  pathological  structural 
changes of internal organs and functional disorders of 
patient vital systems. About 90 % rаdionuclide diagnos-
tics examinations are done using technetium-99m with 
half-life of 6 h. Its extensive application is due to a low 
energy of emitted  γ-rays (141 кeV), and other physical 
and chemical properties permitting to use this radioiso-
tope as a radioactive tracer for many pharmaceuticals 
used in medical diagnostics [1].

In the nature there is no 99mTc. Technetium-99m is a 
daughter product of molybdenum - 99 β−-decay with 66 
hours half-life. Now  99Мо is chemically evolved from 
high radioactive fission products of uranium - 235. Be-
fore  that  high-enriched  235U targets  are  irradiated  by 
neutrons in a nuclear reactor. As nuclear reactors are po-
tentially  dangerous  objects  because  of  possible  acci-
dents due to runaway, and the uranium-235 is a fissile 
material that can be used for illegal nuclear arms pro-
duction,  therefore  alternative  methods  are  being 
searched for  99Мо- 99mTc  radioisotope-generator produc-
tion [1,3,5,6].

To  avoid  uncontrolled  nuclear  reactor  runaway  is 
possible if it operates in a subcritical mode. In this case 
an external neutron source is needed for reactor driving 
[2].  In  particular,  for  ADONIS  project  a  proton  cy-
clotron with particle energy of 150 MeV and beam cur-
rent of 2 mA is supposed to use for subcritical reactor 
control [2]. However, in this case there is a danger of 
fissile uranium-235 proliferation.

To  exclude  completely  problems  of  reactor  99Мо 
production  electron  or  ion  accelerators  may  be  used 
[1,3,5,6].

Accelerated electrons do not take part directly in nu-
clear reactions with transmutation of chemical element 
isotopes. Preliminarily electron beam energy is convert-
ed to  γ-radiation. For that accelerated electrons are re-
tarding in a heavy metal target [1,5]. If the γ-ray energy 
is higher than photonuclear reaction threshold, a nucle-

on detachment from nucleus is observed, i.e. reactions 
of (γ, n), (γ, 2n), (γ, p), etc.

For  production 99Mo on  electron  accelerators  the 
capture of photoneutrons by 98Mo isotope can be used, 
i.e.  98Mo(n,γ)99Mo reaction, or a photodetachment of a 
neutron from 100Mo isotope, i.e. the reaction of  100Mo(γ
,n)99Mo. The later reaction is more effective [1]. The γ-
rays have a long path in a metal molybdenum target that 
is why the specific activity of the obtained rаdionuclide 
is low. The 99Mo yield can be increased if enriched (~96 
%) molybdenum-100 isotope targets are used. The spe-
cific cost of such targets is high enough ~1000 $/g, and 
the weight of required target is about 14g [1].

Accelerated ions during collisions in the target inter-
act directly with nuclei resulting in isotope transmuta-
tion and new particle production. In this case the differ-
ent  channels  of  reactions  are  simultaneously  possible 
dependently  on both the ion energy and particle  kind 
and a target nucleus [3,4].

The analysis shows that taking into account the cost 
of target materials, rаdionuclide separation technology 
and power consumption the optimal  99Mo radioisotope 
production  may  be  obtained  if  accelerated  deuteron 
beams with the energy of 12…15 MeV and the thin nat-
ural molybdenum targets are used [6].

In section 2 of the paper the physics and technology 
requirements to a deuteron accelerator for producing of 
the 99Mo-99Tc radioisotope-generator in practical amount 
are given. In addition, it is argued the application of a 
high current  deuteron linac in  which accelerating and 
focusing of a beam are done by the same  RF electric 
field. In section 3 the results of numerical simulation of 
deuteron beam dynamics in the initial part of the accel-
erating channel are presented. The initial part is a sec-
tion  with  radio  frequency  quadruple  focusing  (RFQ) 
[10]. Results of numerical simulation of deuteron beam 
dynamics in the next sections based on modified alter-
nating-phase  focusing  (MAPF)  [7]  are  given  in  sec-
tion 4. Here some questions of matching of beam per-
formances between sections are also considered.
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In the process of computation and optimization of 
the accelerating channel the considerable attention had 
been given to minimization of deuteron losses on accel-
erating structures elements, i.e. to the accelerator radia-
tion purity.

2. REQUIREMENTS TO A DEUTERON
ACCELERATOR

The activity Ai (t) of produced i-kind rationuclide de-
pending on target irradiation time t by an ion beam with 
the current of Ib is determined by the expression:
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where  τ1/2  is the period of radioisotope half decay,  e is 
the ion charge, and probability рi  of i-radionuclide pro-
ducing in collisions with j-nuclides of target is
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Here σij(W) is the dependence of corresponding nuclear 
reaction cross-section on the energy  W of bombarding 
particles,  Nj is the  j-kind nucleus density in the target, 
x(W) is the target length that the particle penetrates re-
tarding from the initial energy W0 to W energy, R(W0) is 
the path length of  bombarding particles  in  the target. 
Summing in (2) is carried out over all j-nuclides of tar-
get the reactions with that give i-rationuclide.

Since the rationuclide decay occurs simultaneously 
with its production then according to (1) the equilibrium 
activity  А∞ is attained if irradiation time is  t>2τ1/2 (for 
t=2τ1/2,  Ai(t)≈0,75А∞).  If  exposition duration  t is  t<t1/2 

then the activity of the obtained radio-nuclide is Ai∼ t.
From (1) and (2) it follows that to decrease capital 

expanses for accelerator building and the cost of electri-
cal power supply the ion kind and also the target isotope 
composition have to be chosen such a way to have the 
maximum cross-sections of corresponding nuclear reac-
tions at  the minimum bombarding particles  energy of 
W0. Besides, for relatively low energies the number of 
allowed nuclear reaction channels are limited that per-
mits to obtain the sufficient  rationuclide purity of  the 
desired radioisotope without subsequent chemical treat-
ment.

The analysis of experimental data on ion nuclear re-
action  cross-sections  that  produce  the  99Mo isotope 
shows that an accelerated deuteron beam and a target 
from the natural molybdenum either enriched by  98Mo 
or  100Mo is  the  most  optimal  choice.  The  contents  of 
98Mo and  100Mo in the natural target are 23.78 %, and 
9.63 % respectively.

Dependences  on energy of  99Mo production cross-
sections on targets  from the natural  molybdenum and 
98Mo are shown in Fig. 1 [4,11]. At low deuteron ener-
gies the reaction of  98Mo(d,p)99Mo dominates with the 
threshold Q=3.7 MeV. The maximum cross-section of 
this reaction is about 240 mbarn for W≈11 MeV, Fig. 1. 
With the energy growth the additional channels of  100-
Mo(d,dn)99Mo  (Q=8.9 MeV) and  100Mo(d,p2n)99Mo 
(Q=10,5 MeV) on the 100Mo isotope are opened [4]. As a 
result the total cross-section to produce of 99Mo isotope 
on  a  natural  molybdenum target  is  the  approximately 

constant of  σi≈60 mbarn for the wide deuteron energy 
range of 7≤W≤21 MeV, Fig. 1. At the deuteron energy 
of  W<15 MeV the amount of contaminating long-lived 
radioisotopes of Zr, Nb, Mo, Tc are neglible that permits 
to use the irradiated targets directly for preparation of 
99Mo–99mTc radioisotope-generator [4].
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Fig. 1. Deuteron cross-sections on molybdenum and 
copper

The deuteron energy had been chosen  W0=14 MeV. 
At this energy a deuteron path in  molybdenum is  R≈
0.3 mm. Therefore the target is a thin foil or a foil stack. 
In this case the effective target cooling can be get. For 
the chosen energy the 99Mo yield on a natural molybde-
num target is Bi≈0.16 mCi/µA⋅h. As one medical exami-
nation takes of 10…20 mCi [1] then to produce 99Mo in 
the practical amount a high current deuteron accelerator 
is required.

In this work an accelerating channel of a linear reso-
nance  accelerator  with  the  average  beam  current  of 
Ib=1 mA has been investigated. A linac was taken be-
cause the average currents up to 100 mA can be reached 
on these accelerators [12].

For  chosen  parameters  of  the  deuteron  beam 
W0=14 MeV,  Ib=1 mA the  99Mo isotope yield is  about 
1000 Ci/year  if  the  accelerator  operating  factor  is 
~70 %. That amount is sufficient to carry out more than 
50 thousands of diagnostics investigations.

If the beam irradiation time is about 10 hours then 
the target activity is 1.6 Ci, and the specific activity is 
dAi/dm≈0.4 Ci/g for the beam diameter of D≈4 cm (m is 
the target mass). In that case the beam dissipation power 
density in the target is of ∼1.1 kW/cm2.

It  should  be  noted  that  when enriched  targets  are 
used the 99Mo yield may be four times higher.

To produce the practical amount of the 99Mo a high 
current ion linac is more technological equipment than a 
cyclotron, since the irradiating particle energy is  con-
stant. In a linac the injection of a beam and its extraction 
to a target is simpler. For a cyclotron the basic losses of 
particles occurs during beam extraction to a target. That 
results in a high induced activity of the accelerator com-
ponents especially for a high current beam that compli-
cates the accelerator maintenance.

In contrast to a cyclotron a linac is a pulse device. 
The current amplitude in a linac reaches a hundred of 
miliamperes that is higher essentially than current limit 
for a cyclotron. The average current in a linac is deter-

139



mined  with  the  duty  factor  of  RF power  supply.  In 
linacs an average current may be reached dozens of mil-
iamperes that is determined by RF power source avail-
ability and corresponding cooling of accelerator compo-
nents. Therefore now the superconducting accelerating 
structures are being intensively investigated to decrease 
the power consumption considerably [12].

For any type of a deuteron accelerator there is a hard 
limit for particle losses resulting in induced activity of 
construction elements when the energy W is higher than 
the deuteron binding energy  Eb=2.2 MeV. For analysis 
of exposition doze field near a linac its channel can be 
presented as a set of copper cylindrical tubes. A basic 
contribution to induced activity, when deuteron energy 
is  W≤14 MeV, is  made  by  nuclear  reactions 
63Cu(d,x)63Zn,  65Cu(d,x)65Zn,  cross-sections  of  which 
have maximum near W≈14 MeV, Fig. 1 [9]. Contents of 
63Cu and 65Cu isotopes in copper are 69.09% and 30.9%, 
respectively  [8].  Deuteron  reactions  with  copper  iso-
topes  produce  63Zn and  65Zn rаdionuclides  with  half-
lives of 38 min and 222 days respectively. The induced 
activity caused by the 63Zn rationuclide decreases rapid-
ly when the accelerator is stopped. The 65Zn equilibrium 
activity will be reached after several years of accelerator 
run (1), and it remains approximately constant after the 
accelerator stop.

The estimations have shown that the acceptable lin-
ear particle losses at the end of the accelerating channel, 
i.e. at maximum deuteron energy, have to be no more 
than 2·10-8 A/m.

Design and construction parameters of  a  linac de-
pend on many factors, in particular, on an injected ion 
energy Wi, a beam current amplitude I0, a duty factor Fd, 
an operating frequency  f of electric field, a type of ac-
celerating structures, and the method of achievement of 
beam movement stability that determines the beam radi-
ation losses in a channel. Important requirements to a 
technological accelerator are also a high operating relia-
bility  for  a  long time, minimum number of elements, 
which are needed in  periodic  adjustment,  and so few 
power sources as possible.

Taking  into  account  above  requirements  the  linac 
channel had been calculated for injected deuteron ener-
gy of  Wi=100 keV [13], output energy of  W0=14 MeV, 
current  amplitude  I0=50 mA,  duty factor  Fd=0.02 (the 
average  current  Ib=1 mA),  operating  frequency 
f=152.5MHz. Fig. 2, shows a layout of the accelerating 
channel without an injector, output devices, and a target 
unit. The feature of the accelerating channel (Fig 2) is 
that longitudinal and transverse beam movement stabili-
ties  are  ensured  by  the  same  RF electric  field.  The 
bunching of injected beam and its preliminary accelerat-
ing up to  W1=2 MeV are realized in the initial section 
with spatially uniform quadruple focusing (RFQ) [10]. 
The  main  acceleration  takes  place  in  two  sections 
(MAPF-1, MAPF-2) with modified alternating phase fo-
cusing  [7],  which  output  energies  are  6.4 MeV  and 
14 MeV,  respectively,  Fig 2.  Static  electromagnetic 
quadruple triplets T1-T4 are used to match phase-space 
beam performances after passing the drifts between the 
accelerating sections.

A low level  of  induced activity  had been reached 
due to that  the main particle  losses  were localized in 
RFQ section,  output  energy  of  which  was  chosen 
W1=2 MeV, i.e. lower than the deuteron binding energy. 
Performances  of  the  next  accelerating  sections  have 
been  calculated  in  such  a  way that  particle  losses  in 
them did not exceed the allowed limits.
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Fig. 2. Accelerating  channel:  RFQ  is  the  section  
with  radio-frequency  quadrupole,  MAPF-1  and 
MAPF-2 are sections with modified alternating-phase 
focusing, T1-T4 are magnetic quadrupole triplets

Results of numerical simulation of high current deu-
terium beam dynamics in sections with different sym-
metry of  RF accelerating and focusing fields are given 
below.

3. RADIO FREQUENCY QUADRUPOLE
As the initial part of modern high current ion accel-

erators are used RFQ structures [12]. RFQ has some im-
portant advantages: a respectively low injected ion ener-
gy, hard alternating-sign focusing by RF electrical field 
that is useful for bunching of low energy particle beams 
with a high space charge, a high beam transmission. The 
main disadvantages are a low accelerating rate, compar-
atively low shunt  impedance  that  reduces  power  effi-
ciency of accelerator when the ion energy is increased. 
Therefore after  bunching and preliminary accelerating 
of ions to the energy of W1=2…6 MeV/nucleon more ef-
fective structures are used instead of RFQ.

In  this  paper  the  Fourier-Bessel  method had  been 
used for numerical simulation of  RFQ electrical field. 
The field of beam space charge had been taken into ac-
count by the particle-in-cell method. The assembly of 
103 macroparticles was used for  dynamics simulation, 
and it was increased up to 104 for particle losses calcula-
tion in the channel.

The  computed  RFQ section  with  the  injected 
deuteron  energy  of  100 KeV  and  output  energy  of 
2 MeV represents the modulated in the longitudinal di-
rection four-transmission line with the voltage on adja-
cent electrodes U0=78 kV. In the transverse xy plane the 
electrodes form the electric field of quadrupole symme-
try, the Ex and Ey components of which ensure the beam 
focusing. The longitudinal Ez field component, which is 
bunching  and  accelerating  the  beam,  is  produced  by 
modulation of electrode distances from z-axes. The av-
erage  distance  is  5 mm,  and  the  maximum  electrical 
field on the electrodes surfaces reaches 226 kV/cm. The 
longitudinal  electrode modulation profile  is  a  trapeze, 
the length of which (an accelerating period) equals βλ/2 
and increases monotonously with increasing of the re-
duced ion velocity β=v/c (v is the ion velocity,  c is the 
light velocity, λ is a wave length of the RF field).

The total number of accelerating periods is n=175. 
The electrode modulation ratio, i.e. the ratio of the ma-
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ximum electrode distance from the system axis to mini-
mum one, increases along the section from 1 to 1.56.

A high injected beam transmission factor can be ob-
tained by adiabatic increasing of electric field compo-
nent Ez along a channel, changing electrode modulation 
ratio. Simultaneously when the beam is being bunched 
the synchronous particle  phase  ϕs,  the initial  value of 
which is chosen of 90°,  has to be slowly increased to 
give the growth of the acceleration rate [10,15].

Fig. 3  shows  the  synchronous  phase  distribution 
along the RFQ accelerating periods. As it follows from 
Fig. 3 the monotonous changing of ϕs is disturbed in 6, 
7, 14, 19, 24 and 28 periods. It was caused that the  Ez 

electric field was taken relatively high of Ez=4.9 kV/cm 
for  increasing  of  acceleration  rate.  At  this  field  the 
strong  longitudinal  compression of  bunches  occurs  in 
some initial periods. As a result the space charge density 
in the bunches was essentially increased that caused the 
fast beam expansion in the transverse plane xy. As a re-
sult  high  particle  losses  on  accelerating  channel  ele-
ments occurred. To preserve the acceleration rate and 
decrease the losses the negative synchronous phases  ϕs 

were altered to positive ones by increasing of the length 
of some periods, Fig. 3. The altering of ϕs sign reduces 
the longitudinal bunch compression in several initial pe-
riods  and  simultaneously  increases  hardness  of  trans-
verse beam focusing. These effects are proportional to 
sinϕs.  In  this  case  the  acceleration  rate  ∆W/∆z∼cosϕs 

does not change.
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Fig. 3. Dependence of a synchronous phase ϕs on an 
accelerating period number n in the RFQ-section

As a result of using of the considered combination of 
alternating-phase and radio frequency quadrupole focus-
ing  the  total  beam  transmission  factor  was  reached 
86.3 % for injected beam current 60 mA, and beam en-
ergy spread 0.25 % and normalized emittance εn≅0.1 π⋅
mm⋅mrad. For the beam matching to  RFQ acceptance 
the  injected  beam must  be  convergent  with  envelope 
slope to the channel axis of 37.5 mrad. At the RFQ out-
put the beam current was I1≈51.8 mA and the deuteron 
energy W1=2 МeV.

The monotonous behavior of  ϕs is also disrupted at 
the end of the  RFQ section, Fig. 3. It is caused by the 
matching of  phase space performances of  preliminary 
RFQ accelerated deuteron beam to input parameters of 
the next  MAPF-1 section with alternating-phase focus-
ing, Fig. 2. The section is located in the separate vacu-

um chamber and bounded with the  RFQ section by a 
drift of 66 cm length.

As the RFQ section has quadrupole symmetric elec-
tric field and  MAPF-1 has axial symmetry of the field 
therefore it is necessary to match the beam parameters 
in three cross-sections of the phase space: (xx') and (yy') 
for two transverse components of beam movement and 
(∆β∆ϕ) of the longitudinal one (∆β=β-βs,  βs=vs/c is a 
reduced velocity  of  a  synchronous  particle,  ∆ϕ=ϕs-ϕ, 
where ϕ is a phase of a particle). The quality of match-
ing has decisive importance for the particle losses in the 
next accelerator sections.
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Fig. 4. Beam phase space plots at the RFQ output: a 
is longitudinal plane projection,  b is xx' plane projec-
tion, c is yy' plane projection

For  the  longitudinal  movement  matching  the  syn-
chronous phase values in the last accelerating periods of 
RFQ section have been chosen  ϕs≈−90°,  Fig. 3.  It  re-
sults in formation of convergent bunches in longitudinal 
direction at the section output, Fig. 4a. When the beam 
is passing along the drift the longitudinal crossover is 
formed initially and then bunches are converging. How-
ever at the MAPF-1 input the phase extension of bunch-
es ∆ϕ1 is in limits of this section separatrix. Such match-
ing is reached by the corresponding choice of the drift 
length between sections.

At the RFQ section output the bunches are divergent 
in  the transverse  movement  plane  xy,  Fig. 4b and 4c. 
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Therefore for the beam matching to the acceptance of 
MAPF-1 section  two magnetic  quadrupole triplets  T1 
and T2 are used, Fig. 2. The triplets form at the MAPF-
1 input the bunches which are convergent in xx' and yy' 
cross sections of the beam phase space. 

Particle  losses  along  the  drift  between  RFQ  and 
MAPF-1 sections do not exceed 0.01 %.

The  needed  power  supply  of  RFQ section  is  P1≈
105 kW, and the average power is about ~ 2 kW for the 
duty factor of 0.02.

4. ALTERNATING-PHASE FOCUSING
 SECTIONS

As a rule after RFQ it is used accelerating structures 
based on cavities loaded by drift tubes [12]. Accelerat-
ing channel performances depend on the type of electro-
magnetic  oscillations  excited  in  the  cavities  and  a 
method to ensure the transverse beam stability during 
ion acceleration. The structures based on E-mode oscil-
lation were investigated sufficiently well (Alvarez struc-
ture). The length of accelerating periods for these struc-
tures equals βλ. Both ion accelerating and beam phasing 
(a longitudinal movement stability) are done by the RF 
field. To ensure the beam stability in transverse plane 
the alternating-sign magnetic  focusing by the field  of 
quadrupole  geometry  is  used.  For  that  the  magnetic 
lenses (singlets) are located in the drift tubes.

The  difficulties  of  manufacture  of  drift  tubes  in 
which electromagnetic lenses are located, necessity of 
their cooling, and number of lens power supply sources 
present problems if the accelerators with magnetic fo-
cusing channel are used for technological purposes.

Another approach to build a linac channel is based 
on alternating-phase focusing (APF). In this case the RF 
electrical field in gaps between drift tubes is used for 
phasing, accelerating and focusing of ions. To obtain the 
stable beam dynamics it is necessary to alter a sign, and 
vary a value of a synchronous particle phase ϕs in accel-
erating gaps. There are several ways to construct alter-
nating-phase focusing channel, i.e. to separate the accel-
erating gaps into phasing (ϕs<0) and focusing (ϕs>0) pe-
riods by drift tube length variation. One way, so called a 
modified alternating phase focusing (MAPF), had been 
used to calculate the MAPF-1 section, Fig. 2 [7].

In the accordance with the  MAPF principle, to en-
sure the maximum stability of longitudinal beam move-
ment, the synchronous particle phase in phasing periods 
has to be chosen ϕs≈-90°. However, the acceleration rate 
∆W/dz∼cosϕs is low. Therefore to increase the mean ac-
celeration rate it is necessary to take the minimum val-
ues of  ϕs in focusing periods. Then the beam focusing 
hardness, which is proportional to sinϕs, is low. The re-
sults  of  numerical  simulation show the optimal phase 
values in focusing gaps are in the range of 40°≤ϕs≤60°.

If the numbers of phasing and focusing gaps in the 
focusing  period  are  equal  the  resulting  effect  is  the 
beam defocusing. Therefore the number of gaps with ϕs

>0 must be higher than ones with ϕs<0. Moreover with 
the growth of β for increasing of channel focusing hard-

ness it needs to increase the total number of accelerating 
gaps in the focusing period as β1/2 [7].

The calculated MAPF-1 section with the input ener-
gy of  2 MeV and output  one of  6.4 MeV has  3.24 m 
length and 37 accelerating periods  of  βλ/2 length. The 
dependence  of  ϕs on  the  accelerating  gap  number  is 
shown in Fig. 5. Phasing and focusing gaps form 5 fo-
cusing periods. The initial two gaps at the section input 
are to compress the divergent bunches in longitudinal 
direction  after  passing  of  the  drift  between  RFQ  and 
MAPF-1. The aperture radii of the drift tubes vary along 
the channel from 1.0 cm to 1.9 cm. The electrical field 
averaged over an accelerating gap is 130 kV/cm, and the 
maximum one on the drift tube surface is 300 kV/cm.
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Fig.5. Dependence of a synchronous phase ϕs on a 
gap number n in the MAPF-1 section

The integral equation method had been used for op-
timization of drift tube geometry, and calculation of the 
maximum electrical field on the tube surfaces and sur-
face distribution of ohmic loss power density [14]. The 
particle losses in MAPF-1 do not exceed of 0.01 %.

For an  APF-channel the minimum length of a drift 
tube is determined by the value of accelerating electric 
field penetration into the tube but not the lens sizes, as 
for an Alvarez structure. Therefore the length of accel-
erating period for an APF-channel may be chosen short-
er as βλ/2, i.e. the π-wave structure may be used. There-
fore the number of accelerating periods increases for the 
same channel length and correspondingly the  average 
acceleration rate.

To create the structure with the standing π-wave the 
H-mode cavities can be used. The transverse dimensions 
of H-cavities, loaded by drift tubes, decrease more than 
4 times in comparison with E-cavities at the same oscil-
lation frequency. For low  β in  MAPF-1 and  MAPF-2 
sections (0.0462≤β≤0.123) the shunt impedance  Zeff of 
accelerating  structures  on  the  H-cavity  base  is  high 
enough Zeff ≥50 MΩ/m [16].

The calculated MAPF-1 section has the H-cavity di-
ameter  of  40 cm  and  power  consumption  of  Р2≈
0,85 MW (average one is ~ 17 kW).

The next  MAPF-2 section had been calculated ana-
logically to MAPF-1 one. The MAPF-2 has the length of 
3.78 m,  and  output  deuteron  energy  of  14 MeV,  and 
power consumption of  Р3≈1,45 MW (average power ~ 
29 kW). The total number of accelerating periods is 32, 
which form 3 focusing periods. The aperture radii are 
varied from 2.0 cm to 2.9 cm. Particle losses in this sec-
tion do not exceed 0.01 %.
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Fig. 6. Beam phase space plots at the linac output:  
a is longitudinal plane projection, b is xx' plane projec-
tion, c is yy' plane projection

The phase space performances of deuteron beam at 
the  MAPF-2 output are given in Fig. 6. From Fig. 6 it 
follows the beam at the linac channel output is divergent 
in the transverse plane xy with transverse dimensions of 
1.8×1.5 cm, and convergent in the longitudinal direction.

The  beam  matching  between  the  MAPF-1 and 
MAPF-2 had been done similarly as between RFQ and 
MAPF-1. Two magnetic quadrupole triplets T3 and T4, 
Fig. 2,  are matching beam parameters  to  the  MAPF-2 
acceptance.  The  longitudinal  movement  matching  is 
reached due to the drift between MAPF-1 and MAPF-2. 
For  that  the  last  accelerating  MAPF-1 periods  are 
bunching ones for forming of convergent bunches in the 
longitudinal direction, Fig. 5.

The performed calculations had shown that the linac 
channel losses had varied inconsiderably if electric field 
deviations  from the  optimal  value  were  in  the  limits 
from -1 % up to +4 %.

The effect of possible errors of manufacturing and 
assembling of RFQ, MAPF-1 and MAPF-2 construction 
elements on the beam dynamics had not been investigat-
ed in this work.
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