SOURCE OF POSITRONS ON THE BASE OF LINAC LUE-40
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The results of the numeral studies of the source of positrons for NSC KIPT are presented. The positrons are to
produce from conversion of the 40 MeV electrons. The bunches of such electrons will be provided by the linac
LUE-40. The estimations of yield of the positrons, their spectrum, and spatial-angular distribution are produced. The
possibility of the spectrum modification with help of the RF resonator adjusted to the sub-harmonics of the RF fre-
quency is proposed. It is shown that the use of such device allows to substantially increase the number of positrons
with small energy. It allows to promote efficiency of the moderation process and increase yield of the slow mono
energetic positrons. The optimal parameters of conversion target have been defined. The preliminary calculations of
the system of forming the positron bunch are presented as well.

PACS: 41.75.Ht, 25.20.-x

INTRODUCTION

Application of monochromatic positron bunches
with energy to 1 MeV opens unique possibility to carry
out research in the technology of materials. Thus, the
method of positron annihilation spectroscopy allows to
determine both the electronic structure of crystals and
various defects of extremely small sizes in the solids
and the porous systems, such as vacancies, vacancy
clusters and voids of the cubic nanometer scale. All
these methods have already got a widespread applica-
tion in the modern technology of materials, particular in
the atomic and electronic material technology [1, 2].

In NSC KIPT the positrons are assumed to be ob-
tained converting the bunch of relativistic electrons [3]
with energy 40 MeV from the linac LUE-40. Presently
on the base of linacs with energy from 10 to 70 MeV
[4 - 6] there have been created the installations for re-
search the properties of materials by the positron annihi-
lation spectroscopy methods.

The positron bunch on the exit of conversion target
has specific properties: a large power spread, a large
angular spread, and a relatively small radius (millimeter
scale). Such combination of parameters, especially spe-
cific shape of the positron bunch emittance, does not
allow for direct acceleration, slowing down the posi-
trons, or to transport them to the experimental setup: the
phase portrait of positron bunch has a small transversal
size, but large divergence. It is necessary to reform the
positron bunch and to clean out the passed through the
converter electrons, which number even exceeds that of
positrons.

An aim of such transformation of phase portrait of
bunch is reduction of divergence due to the correspond-
ing increase of cross-sectional of positron bunch. As a
result, a bunch can be transported on considerable dis-
tance, as an increase of transversal sizes at transporting
is proportional to divergence. This transformation
named the concordance of bunch emittance with the
system acceptance of further acceleration or decelera-
tion comes true by the magnetic systems, mainly two
types: adiabatic adapter, Adiabatic Matching Device
(AMD) and Quarter Wave Transformer (QWT).

These devices are similar on principle of action:
both use the longitudinal (solenoid) magnetic field.
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COMPUTED SIMULATION OF AMD

We have simulated the process of forming the posi-
tron bunch in 6D phase space. Along with the transfor-
mation of phase portrait of bunch in the transverse
phase plane when applying Adiabatic Matching Device
(AMD) we have considered the possibility of change of
the positrons spectrum.

According to the "classic" scheme of obtaining the
mono-energy positron bunch, the positrons after the
electron-to-positron converter with the typical energy of
a few Megaelectronvolt enter a special device — modera-
tor. On the exit of moderator the positrons energy is
reduced to a few electronvolt. The efficiency of such
transformation substantially depends on the energy of
incoming positrons — the greater it is, the less is the effi-
ciency of moderation. In the process of reduction of
falling positrons energy from 1 MeV to a few keV, the
efficiency of moderator increases more than tenfold [7].

Therefore, there is a task of preliminary reduction of
the energy of positrons entering a moderator. One of
possible solutions consists in the use of RF-resonator
adjusted to a subharmonic of the linac operating fre-
quency (this idea was pioneered in ANL [8]).

The second, not less important, function of the pre-
moderator based on the RF-resonator is to separate the
positrons and the electrons emitted from the conversion
target. The essence of problem consists in that the target
generates the approximately equal streams of the posi-
trons and the secondary electrons. (A small difference
between electrons and positrons consists in that the lat-
ter can annihilate in a target body). In the longitudinal
magnetic field of a matching device the trajectories of
electrons and of positrons are similar, only differ by the
sign of the rotation angle. The electric field of the pre-
moderator "distinguishes" positrons from electrons: the
resonator will slow down the positrons whilst accelerate
the electrons, which will be substantial for the further
forming of the stream of slow positrons.

The numerical simulation has been carried out by
means of the packages GEANT4 [9] and PARMELA
[10, 11]. The PARMELA code is capable to simulate
the charged particles dynamics in external magnetic
field and at presence of RF-resonators. By means of the
PARMELA, the bunch of electrons at the accelerator
output is simulated. The data obtained then are passed
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into the program GEANT4, where interaction of the
accelerated electrons with the conversion target is simu-
lated. The parameters of the positron stream are deter-
mined as a result. Then these parameters are entered
into the PARMELA in order to compute the positron
bunch dynamics.

Thus, we modeled the entire system, taking into ac-
count acceleration of the electrons in the linac, genera-
tion of positrons in the target, and transporting and de-
celeration of the positrons.

The parameters of electron bunch input in the simu-
lation are chosen similar those of the LUE-40 linac,
[12]. LUE-40 is a two-section linac, the first section can
accelerate electrons up to 40 MeV. Since the accelerat-
ing sections are of "Kharkov-85" type with compara-
tively large impedance, the gain of energy of bunch with
nonzero current is scaled with current as 66 MeV/A.
The filling time of the section at working frequency
equals to 0.92 ps, which is comparable with the pulse
width of bunch, 1.5 ps. Therefore the transition process
may not be neglected: it is necessary to carry out the
simulation of the self-consistent dynamics of the accel-
erating electrons. We did it making use the codes such
as SUPERFISH/POISSON [13], PARMELA [11], and
methods described in [14].

<10t

arb. units

e

0 5 10 15 20 25 30 35 40 45 50
W (MeV)

Fig. 1. Integral spectrum of electrons
on the exit of LUE-40

The simulation has been carried out for the follow-
ing parameters: the working frequency of accelerating
section is 2797.15 MHz, the initial energy of particles
25 keV, the input current 0.15 A, the RF-power in the
section 12 MW, duration of the RF pulse 3.0 ps, dura-
tion of the front and the cutoff of the RF pulse 0.42 pus,
the width of the electron bunch 1.5 ps, the front and the
cutoff impulse of the bunch 21 ns, delay of the bunch
from the RF pulse 0.35 s, the coefficient of coupling of
the injector resonator to the feeder is 5, and its Q-value
and shunt impedance 3000 and 3 MOhm/m, respec-
tively.

As a result of simulation of self-consistent dynam-
ics, the bunch of electrons acquires the following pa-
rameters: the average energy 43.2 MeV, the width of
spectrum 3.2%, the bunch dimensions x = 0.26 mm,
y=0.26 mm. The integral spectrum of electrons on the
exit of the section is presented in Fig. 1.

In Fig. 2, dependence of the total yield of positrons
per electron impinging the target, on the target thickness
is presented.

The simulation has been carried out for the total
number of electrons 3.4-10°, which provide the suffi-
cient number of positrons for subsequent processing.
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Fig. 2. Total yield of positrons depending
on the thickness of target
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As is obvious from Fig. 2, the best quantitative result
is obtained for a target 5...5.5 mm thick. The spectrum
of positrons exit the 5 mm thick target is presented in
Fig. 3.
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Fig. 3. Spectrum of positrons on that exit
of 5 mm thick converter

As it is obvious from Fig. 3, the fraction of positrons
with energies <200 keV is small, about 0.25%. Further
we aimed the simulation to the increase this low-energy
fraction of the spectrum. For reduction of the energy of
positrons, two RF-resonators have been used, in which
the field is set to decelerating phase related to positron
bunch.

In Fig. 4 a sketch of the matching system used in
simulation is presented. Between the conversion target
and the RF-resonators operated as a premoderator,
Adiabatic Matching Device is located (the principle of
AMD operation is described in [3]). In addition to rota-
tion of the phase space ellipse, the declining magnetic
field allows to decrease the average transverse momen-
tum of positrons after passing the AMD.

We have considered the possibility to employ two
RF-resonators for more effective deceleration of posi-
trons. In Fig. 4, the red lines and points inside the reso-
nator represent the spatial distribution of the field and
the direction of the vector of electric field.

The calculation of RF-resonators has been carried
out with the code SUPERFISH [14]. The resonators are
adjusted to the frequency 111.88 MHz (25-th subhar-
monic of linac’s working frequency 2797.15 MHz). The
inner radius of the resonator is 7 cm, total length of ef-
fective RF-field taking into account the falls along the
axis z=60 cm. Each RF-resonator has its RF-input of
power, allowing to change the field phase in resonators
independently. The geometry of resonators is chosen
such that allows to shorten the transversal sizes of RF-
system, as well as to place them maximally close to the
elements of the positron transport system (AMD).
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Fig. 4. Sketch of the matching system
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Fig. 5. Magnetic field strength along the axis of AMD,
from a target to the exit of RF-resonator

In order to obtain relatively small root-mean-square
(RMS) divergence of positron beam, we optimized the
parameters of AMD by variation of its length and the
magnetic field strength. In AMD the magnetic field
strength along z axis gradually decreases from
By~10 kGs to 800 Gs (length of AMD is 78 cm). The

field in AMD satisfies the equation p (r _ 0) _ B,
: l+az
(with 0=0.13). It is shown that near to the optimal mag-
netic field along drift space and RF resonator is 0.8 kGs.
The change of magnetic-field along the beamline, from
a target to the exit of resonator is presented in Fig. 5.
As a result of optimization of magnetic field, the
necessary transformation of the phase distribution of
positrons has been obtained in plane x'=p,/p, x (Fig. 6).
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Fig. 6. Phase portrait of positron bunch:
a — at the input of AMD; b — at the exit of AMD

By variation of the field amplitude and the phase
shift between RF resonators, as well as the initial phase
of injection of positrons in RF resonator, the satisfactory
deceleration of positrons have been obtained. In Fig. 7,
the distribution of the amplitude of electric field is pre-
sented on an axis for two resonators.
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Fig. 7. Amplitude of electric field on the axis
for two RF resonators

In Fig. 8 the spectra of positrons are presented at the
input of AMD (the spectrum from the conversion target)
and after passing the two resonators in the decelerating
phase of electric field.
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Fig. 8. Power spectrum of positrons at the input
of AMD (blue curve) and at the exit

of decelerating HF resonator (red curve)

As it is obvious from Fig. 8, employment of the RF-
resonators allows to decrease the energy of a consider-
able fraction of the positron bunch. Thus, the energy of
positrons at the maximum of spectrum is 80 keV. In
range from 0 to 200 keV there are contained 10% of
positrons output from the decelerating resonator.

CONCLUSIONS

The numerical simulation of matching system was
performed aimed at confirmation the theoretical estima-
tions accuracy, optimization of the system for the spe-
cific parameters of the accelerated electron beam and
the conversion target.



The idea of application of premoderator intended for
the increase of efficiency of the planned moderator was
suggested.

As a result of theoretical analysis and subsequent
numeral design, the possibility to obtain the bunch of
low-energy positrons was conformed for the realizable
magnetic field and the existing accelerators.

A principal possibility of employment of the decel-
erating RF field for the increase of the number of slow
positrons from initial higher-energy spectrum are also
demonstrated.
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HUCTOYHHMK IMMO3UTPOHOB HA BA3E JIMHEMHOI'O YCKOPHUTEJIS SJIEKTPOHOB JTY3-40
C.A. Ilepescocun, E.B. Bynak, B.A. Kywnup, B.B. Mumpouenxo, JI.H. Cenusanos

[IpencraBneHs! pe3yabTaThl IPOBEACHHBIX YUCICHHBIX HCCIEI0BAHNI UCTOYHUKA IIO3UTPOHOB, KOTOPBIH MpoeK-
tupyerca B HHIT X®TU. [To3utpoHs! npeanonaraercs noily4aTs KOHBEPTUPOBAHUEM ITyUKa PEIITUBUCTCKUX DJIEK-
TpoHOB ¢ 3Heprueit 40 M»aB. HccnenoBana BO3SMOKHOCTb U3MEHEHHSI SJHEPTETUYECKOTO CIIEKTPa MO3UTPOHOB C MO-
moipto CBU-pe3oHaTopa, HACTPOSHHOTO Ha CyOrapMOHHMKY YaCTOThI MIPOXOXKIECHHS AIEKTPOHHBIX crycTkoB. [Toka-
3aHO, YTO HCIOJB30BAHUE TAKOTO YCTPOWCTBA IMO3BOJSAET CYLIECTBEHHO YBEIUYUTH YUCIO MO3UTPOHOB C MAaJIoOH
SHepruer. ITo MO3BONISIET MOBBICUTH 3()(PEKTUBHOCTH MPOIECcca MOJIEPAIUH IO3UTPOHHOTO MyYKa W YBEITHYHUTH BBI-
XOJ MEJUICHHBIX MOHO3HEPIeTHUYHBIX MO3UTPOHOB. VICXOMHBIN 3JIEKTPOHHBIN ITy4OK peayu3yeTcsl Ha JTMHEHHOM YC-
kopurene 31ekTpoHoB JIYD-40. IlpousBeneHsl OllEHKA BBIXOJA MO3UTPOHOB, WX CIEKTPOB, a TaKkKe MPOCTPAHCT-
BEHHO-YITIOBBIX XapakTepucTHK. OmpeneneHsl ONTHMajbHBIE MapaMeTphl KOHBEpCHOHHOM MullleHH. [IpoBeneH
NIpe/IBAPUTEIBHBIN pacueT CUCTEMBI ()OPMUPOBAHUSI TO3UTPOHHOTO ITyYKa.

JIUKEPEJIO ITO3UTPOHIB HA BA3I JIIHIMHOI'O TPUCKOPIOBAYA EJIEKTPOHIB JIYE-40
C. 0. Ilepercoein, €.B. bynak, B.A. Kywnip, B.B. Mumpouenxo, JI.1. Cenieanos

[IpencraBneHo pe3ynbTaTd MPOBEJEHHUX YUCENBHUX JOCIHIPKEHb [DKEpelia MO3UTPOHIB, SKE MPOEKTYETHCS B
HHI] X®TI. [o3utpoHu nependavyaeTbcsi OTPUMYBATH KOHBEPTYBAaHHSM ITy4Ka PENSITUBICTCHKUX EIEKTPOHIB 3
eneprieto 40 MeB. JlocmipkeHO MOXIIHMBICTH 3MiHH €HEPreTHYHOrO CIIEKTpa ITO3UTPOHIB 3a gomnomoror CBU-
pe30HaTOpa, HaJalTOBAHOIO Ha CYOrapMOHIKY YaCTOTH HPOXOKEHHs eJIeKTPOHHUX 3rycTkiB. [TokaszaHo, mo BH-
KOPHCTaHHS TAaKOT0 MPUCTPOIO O3BOJISIE ICTOTHO 30LIBLIMTH YHCIIO TTO3UTPOHIB 3 MaJolo eHeprieto. Lle mo3Boisie
MiABAIINTH €(EKTUBHICTD MPOIIeCy MoJiepallii IIO3UTPOHHOIO ITy4Ka i 30LIBIINTH BHXIi/ MOBIIBHUX MOHOEHEPTEeTH-
YHUX MO3UTPOHIB. BUXiqHUI eNeKTPOHHMI MYYOK peai3yeThcs Ha JiHIHHOMY NpHCKopioBadi enekrpoHiB JIY E-40.
[IpoBeneHO OLIHKK BUXOAY IMO3UTPOHIB, TXHIX CHEKTPIB, @ TAKOX IMPOCTOPOBO-KYTOBHUX XapaKTEPHUCTUK. Bru3HaueHo
OINITHMAaJbHI IapaMeTpu KoHBepciliHol MimieHi. [TpoBeaeHo nonepeaHiii po3paxyHOK CHCTeMHU (POPMYBaHHS ITO3HT-
POHHOTO My4Ka.
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