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Ways of the bunch current and density increase at the target on the helium ions linear accelerator NSC “KhIPT”
with output energy 4 MeV are considered. Possibility of its transportation with the minimum losses to target com-
plex intended for carrying out of radiating researches is studied. Results of the researches spent on electromagnetic
quadrupole lenses of a triplet are presented. Experiments with injected (120 k3B) and accelerated (4 MeV) bunch of
helium ions by means of bunch formation and transport system to a target are made.

PACS: 29.17.w, 29.27.Bd
INTRODUCTION

Now works are conducted on the new section in-
tended for acceleration of ions He," (A/q = 4) with in-
jection energy 30keV/u and output energy
0.975 MeV/u. This section can be used as as an injector
in the basic section of BS-5 with output energy
8.5 MeV/u, and it is independent for carrying out of
applied researches with output energy of 4 MeV (the
helium ions linear accelerator).

Basic elements of the helium ions linear accelerator
are: an injector, the resonator with the accelerating
structure, placed in a vacuum tank (Fig. 1) and bunch
formation and transport system from output of acceler-
ating section to the target chamber with accompanying
diagnostic devices for carrying out of physical research-
es (Fig. 2). A special feature of the accelerator is the use
of an alternating-phase focusing (APF) with a step-by-
step change in the synchronous phase and an increasing
amplitude of the RF field in accelerating gaps on the
grouping part of the accelerating-focusing tract [1 - 4].
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Fig. 1. A source of ions and accelerating structure
vacuum tank

Fig. 2. The bunch formation and transport system from
the output of accelerating section to the target chamber
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The work purpose is carrying out numerical and ex-
perimental researches of various variants of accelerated
bunch formation and transport with the minimum losses
to target complex intended for realization of radiating
researches.

PROBLEM STATEMENT

The new section was created as an alternative vari-
ant prestripping section PSS-15 for the further accelera-
tion of particles in the basic section of BS-5 of the linear
accelerator. Already at that time there was a problem of
the accelerated bunch transport between sections. The
similar problem dared earlier after replacement of the
basic section with Alvarets structure on new interdigital
accelerating structure which almost on 6 m was shorter
than the previous. Then not to displace the target devic-
es transporting the accelerated bunch in the chamber for
physical researches, the decision to provide new BS-5
with a binding to target devices remaining on former
places was accepted. In this connection between sec-
tions PSS-15 and BS-5 was formed six-metre-long in-
terval, and there was a necessity of accelerated bunch
transport between sections with the minimum losses.
The line of the bunch transport, consisting of 3 triplets
and a doublet has been for this purpose developed, made
and established (Fig. 3) which has successfully worked
a number of years.
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Fig. 3. A line of bunch transportation between sections
PSS-15 (on the right) and BS-5 (at the left)

Therefore, when there was a similar problem, we,
certainly, have paid attention to available equipment —
electromagnetic quadrupole lenses of triplets and dou-
blet with power supplies. Unfortunately, any documen-
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tation on these devices has not remained, and specialists
too any more were not. That is there were already work-
ing triplets and a doublet, but their characteristics were
unknown. There was a task of measurement of charac-
teristics available electromagnetic quadrupole lenses,
carrying out of their focusing parameter calculations
and study of application variants for our problems deci-
sion.

Simultaneously the decision of a task not only bunch
transport to target complex became essential, but also
possibility search substantially to increase its density.

RESEARCH OF CHARACTERISTICS
QUADRUPOLE LENSES AND
CALCULATION OF THE TRIPLET
FOCUSING CHANNEL

For the purpose of carrying out of such measure-
ments near a rack with power supplies electromagnetic
quadrupole lenses, long and short lenses with the neces-
sary measuring equipment (Fig. 4) have been placed.
The measuring complex contained following elements:
the power unit of electromagnetic quadrupole lenses (in
drawing it is not shown), a long or short lens, the am-
peremeter for measurement of the current proceeding in
lens M1107 (a class of the device accuracy 0.2), and a
magnetic inductometer I111-8 (accuracy of the device
measurements in a range to 0.4 T — 1.5%).

Fig. 4. A measuring complex for electromagnetic
characteristics definition of quadrupole lenses

As for the subsequent calculations it was necessary
to define a magnetic field gradient between poles quad-
rupole lens, measurements of a magnetic induction were
spent on different distance from the center of an interpo-
lar circle. For this purpose the special dielectric insert
with various depths cuts for installation of a measuring
probe on three distances from an interpolar circle center:
4.5, 12.5 and 20.5 mm has been made. For each probe
position dependences of a magnetic induction on a cur-
rent in lenses were measured. The measurement results
are given in Figs. 5, 6.

The perform measurements have allowed to calcu-
lating magnetic field gradients in lenses for carrying out
of the further calculations.

For the decision of bunch transport to a target prob-
lem with the minimum losses and increases of its densi-
ty in our variant the focusing triplet most approaches,
with an independent food entering into its composition
electromagnetic quadrupole lenses.
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Fig. 5. Dependence of a magnetic induction
on a long lens current for probe various positions
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Fig. 6. Dependence of a magnetic induction
on a short lens current for probe various positions

Such triplet gives the chance to change operatively
density of the bunch current falling on a target, depend-
ing on experiment requirements. As the accelerating
structure is constructed on the basis of alternating-phase
focusing and on output is formed axisymmetric a bunch
of ions the most suitable is use of a symmetric triplet for
preservation of a transported bunch character. The
symmetric triplet consists of three electromagnetic
quadrupole lenses with alternating focusing and defo-
cusing properties. The extreme lenses have identical
length, and the middle lens length is equal to the sum of
extreme lens lengths.

To calculate the transport channel with a focusing
triplet and the particles dynamics in it, the output beam
characteristics of the structure with APF were obtained
using the APFRFQ code: a bunch energy — 4 MeV, a
bunch current — 4 mA, a bunch diameter — 30 mm, the
beam envelope inclination angle is — 0 mpan [5, 6]. As a
result of calculation and optimization of a triplet main
parameters: selection of drift interval lengths and mag-
netic field gradients in lenses values for the transport
channel geometry, values of a magnetic field gradients
in electromagnetic quadrupole lenses have been re-
ceived and particles dynamics in such channel is calcu-
lated.

In a Fig. 7 are presented: bunch envelope, received
for the chosen channel geometry by means of code
Trace-3d [7]. Numerals designate drift intervals: 1 —
347.5mm, 3-75mm, 5-70 mm, 7 — 297.5 mm; poles
electromagnetic quadrupole lenses: 2 — 90 mm, 4 -
180 mm, 6 — 90 mm. Magnetic field gradients created in
the electromagnetic lenses: 2 — 18 T/m, 4 — 15.7 T/m,
6 — 18 T/m. The calculating results received on ideal-
ized model, and real values can differ from the experi-
mental a few. By the results of conducting experimental
researches and calculations the bunch tracking channel
to target complex is generated.
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Fig. 7. Calculating results of the transport channel
of helium ion bunch from accelerating structure output
to the target

RESEARCHES OF THE TRIPLET
FOCUSING PROPERTIES ON INJECTED
(120 keV) THE BUNCH

At triplet placing on a site of bunch transport to the
target chamber the various variants connected with use
of measuring devices (cylinder Faraday, induction
gauges), by working off connection designs of a vacu-
um path elements were considered and carried out. Thus
the triplet was necessary for placing as it is possible
more close to output flange of the accelerator vacuum
tank for reduction of the accelerated bunch losses. Ne-
cessity of use bellows in transport track for an outcome
adjusting elements was the additional negative factor.
At the first investigation phase of a triplet focusing
properties measurement are spent on injected (not ac-
celerated, energy 30 keV/u) helium ions bunch.

It has appeared that if a bunch current on input in a
triplet 1500 pA, and output 700 pA after its inclusion
and adjustment (selection of a current values in three
lenses for the purpose of the maximum current recep-
tion) it is received 1250 pA. Currents were measured by
means of the induction gauges established on input and
output from a triplet [8].

Further more detailed measurements for studying of
a triplet focusing possibilities for the purpose of the
maximum current reception on irradiated samples have
been spent. For this the scheme of measurements has
been changed: induction gauges were established before
and after the irradiation chamber. In Figs. 8, 9 the re-
sults which show essential influence of currents, pro-
ceeding in lenses, on triplet focusing properties are giv-
en.
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Fig. 8. Dependence of a bunch current on a current in

the third lens at I, = 0.8 A, I, = 1 A. D1 — the induction

gauge on irradiation chamber input, D2 — the induction
gauge on irradiation chamber output
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Fig. 9. Dependence of a bunch current on a current
in the third lensat 1, =0.4 A, 1,=0.8 A. D1 -
the induction gauge on irradiation chamber input, D2 —
the induction gauge on irradiation chamber output

Apparently from Fig. 9 the variant of the maximum
current reception on the sample is possible.

RESEARCHES OF THE TRIPLET
FOCUSING PROPERTIES ON THE BUNCH
ACCELERATED TO 4 MeV

For carrying out of measurements with the acceler-
ated bunch (energy of 0.975 MeV/u) the scheme of
measurements has been changed: the induction gauge is
established before a triplet. It is necessary that with its
help to supervise value of a bunch accelerated current as
in a kind of thermostating system absence on the accel-
erator constant tracing and correcting of bunch parame-
ters is required. The second induction gauge is estab-
lished after a triplet. Further target chamber settled
down on which on a bunch course have established a
plate from plexiglas with put on it luminophor for visual
indication of the accelerated helium ions bunch. The
bunch image on luminophor by means of the webcam
was transferred to the computer. At this time measure-
ments of a triplet focusing properties are spent at such
research scheme. In Figs. 10, 11 some results of the
spent researches are shown.

] ]
Fig. 10. Accelerated bunch visualization in the absence
of a current in triplet quadrupole lenses

Fig. 11. Accelerated bunch visualization at selection
of currents in triplet quadrupole lenses
(stain diameter circa 1 cm)
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At adjustment of bunch focusing and transport sys-
tem from an accelerator output to a target the density of
its current is essentially increased and close to the nec-
essary value — 1.2x10" particle/s in stain diameter
1cm.

CONCLUSIONS

The helium ions bunch formation and transport sys-
tem from an accelerator output to a target are calculated,
developed, made necessary elements, assembled and
adjusted. The conducted researches of triplet quadrupole
lenses, and also parameters injected (energy 120 keB)
and accelerated (energy 4 MeV) helium ions bunches
have shown that the offered system of helium ions
bunch formation and transport on accelerator output
allows to increase essentially bunch current density on
target and to come nearer to the necessary value —
1.2x10" particle/s in stain diameter 1 cm. This system
see can be used as in transport line of the accelerated
bunch to the basic section of the accelerator multicharge
ions with output energy 8.5 MeV/u, and for increase of
current density of helium ions bunch with energy
4 MeV it is direct on a target for carrying out of experi-
mental researches.

REFERENCES

1. V.0. Bomko, Z.0. Ptukhina, S.S. Tishkin. Variant
of the accelerating and focusing structure of the high
current linear ion accelerator // Problems of Atomic
Science and Technology. Series “Nuclear Physics
Investigations™. 2006, Ne 2(46), p. 163-165.

. V.0. Bomko, O.F. Dyachenko, Ye.V. lvakhno, et al.

New prestripping section of the MILAC linear ac-
celerator designed for accelerating a high current
beam of light ions // Proceedings of EPAC 2006 Ed-
inburgh, Scotland. 2006, p. 1627-1629.

. V.0. Bomko, O.F. Dyachenko, O.M. Yegorov, et al.

Development of investigations on the MILAC heavy
ion linear accelerator // Proceedings LINACO8, Van-
couver, Victoria, Canada. 2008, p. 187-189.

. V.0. Bomko, A.F.Dyachenko, B.V. Zajtsev, et al.

Inductance-capacitor system for tuning of interdigi-
tal structure of the ion linear accelerator // Problems
of Atomic Science and Technology. Series “Nuclear
Physics Investigations™. 2007, Ne 5, p. 180-183.

. S.S. Tishkin. Combined focusing by RF-field for ion

linac accelerators // Journal of Kharkiv National
University. Physical Series “Nuclear, Particle,
Fields™. 2008, Ne 808, iss. 2(38), p. 37-46.

. A.F. Dyachenko, B.V. Zaytsev, S.S. Tishkin, et al.

An accelerating and focusing structure with com-
bined RF focusing for heavy ion accelerator // Prob-
lems of Atomic Science and Technology. Series
“Nuclear Physics Investigations™. 2014, Ne 3, p. 16-
19.

. W.P. Lysenko, D.P. Rusthoi, K.C.D. Chan,

G.H. Gillespie, and B.W. Hill. TRACE 3-D Code
Improvements // Proc. of the 1996 Computational
Accelerator Physics Conf. 1996, September 24-27,
Virginia, USA..

. A.F. Dyachenko. Highly sensitive induction sensor

of the beam-current of heavy ion linear accelerator //
Journal of Kharkiv National University. Physical
Series ““Nuclear, Particle, Fields”. 2010, Ne 887,
iss. 1(45), p. 118-121.

Article received 19.06.2018

CUCTEMA ®OPMHUPOBAHMSA U TPAHCIIOPTUPOBKHU INYYKA K MUIIEHU IMHEMHOT O
YCKOPUTEJIAA HOHOB I'EJIUSL

A.D. [vauenko, P.A. Anoxun, C.H. /lyoniox, A.@. Kooey, A.U. Kpasuenko, O.B. Manyiinenko,
B.H. Pewiemnukos, B.A. Comenko, C.C. Tuwxun, b.B. 3aiiyes, A.B. ’Kypaenes, B.I'. 2Kypaesnes

PaccMmoTpeHbl crmocoObl yBEIMUEHUS Ha MUIICHH TOKAa W TUIOTHOCTH Iy4Ka, YCKOpPEHHOTO J0 4 MaB Ha nuHei-
HOM yckoputene noHoB reaust HHIL XOTU. N3ydyena BO3MOKHOCTb €r0 TPAHCIIOPTUPOBKU ¢ MUHUMAJIbHBIMU T10-
TepSIMU K MUIIEHHOMY KOMIUIEKCY, NpeJHa3HauU€HHOMY JUIs MpPOBEAEHUs paJualldOHHBIX HccienoBaHuil. Ipen-
CTaBJICHB! PE3yNbTaThl UCCIENO0BaHMM, MPOBEJCHHBIX HA 3JIEKTPOMATHUTHBIX KBAJAPYIMOJIBHBIX JIMH3aX TPHUILIETA.
[IpoBenens! skcniepuMeHTHl ¢ MHXEeKTUpyeMbIM (120 k3B) u yckopeHHbIM (4 M3B) myukamu HOHOB TeNus ¢ IOMO-
IBIO0 CHUCTEMBI (JOPMHUPOBAHUS U TPAHCIIOPTUPOBKH ITy4YKa K MHUIICHH.

CUCTEMA ®OPMYBAHHS TA TPAHCIIOPTYBAHHS ITYYKA 10 MIIIEHI JIHIMHOI'O
MMPUCKOPIOBAYA IOHIB I'EJITIO

0.D. /lvauenko, P.A. Anoxin, C.M. /[yonwk, A.I1. Kooeyw, A.l. Kpasuenko, O.B. Manyiinenxo,
B.M. Pewuemniros, B.A. Comenxo, C.C. Tuwkin, b.B. 3aiiyes, O.B. Kypasenvos, B.I'. ZKypaenvos

PosrisiHyTO cniocoOu 30ibIIeHHS HA MIIIeHI CTPyMY Ta IIIBHOCTI Iy4Ka, mprckopeHoro 1o 4 MeB Ha miHil-
HOMY TpuckopioBadi ioHiB remito HHI[ X®TI. BuBuena MOXIHBICTH HOTO TPaHCIOPTYBAaHHS 3 MiHIMAbHUMH
BTpaTaMH J10 MiIEHHOT0 KOMIUIEKCY, IPU3HAYEHOMY JUIsl IIPOBEICHHS pamialiiHuX nociiukens. [logaHi pesynbra-
TH JIOCJTIJPKEHB, 1110 MTPOBECHI Ha €JIeKTPOMArHIiTHUX KBaJPYIOJIbHUX JIiH3aX TpuILieTy. [IpoBejeHo ekcriepuMeHTH
3 imkekryrounM (120 keB) 1 npuckopennm (4 MeB) my4ukamu i0HIB Tejiito 3a JOIOMOTOI0 CUCTEMH (OpPMYyBaHHS Ta
TPaHCIIOPTYBaHHS My4Ka /IO MilleHi.
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