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The first results of the NESTOR facility commissioning are presented. 60 MeV electron linac injector has been

tested and the first electron beam with project parameters was registered at the screen monitors. Electron beam was
passed through the transportation channel and injection system. The beamh of electrons was observed and controlled

in the screen monitors in the expected range.
PACS: 29.20.-c, 29.20.Dh

INTRODUCTION

The new Kharkov accelerator facility NESTOR
(New Electron STOrage Ring) [1, 2] is going to gener-
ate intense X-rays trough Compton back scattering. The
facility consists of the compact 40...225 MeV storage
ring, linear 35...90 MeV electron accelerator as an in-
jector, transportation system, Nd:Yag laser system and
optical resonator. It is expected that the facility will
generate X-rays flux of about 10" phot/s. NESTOR
facility commissioning was started in 2012.

During 2012 NESTOR team activity was directed to
the following:

e  preparation, assembling, testing and commissioning
of the NESTOR vacuum system [3];

e optimization of the linear accelerator in order to
improve the initial electron beam parameters;
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e transportation of the electron beam through the
injection channel and fringe field of the first storage
ring bending magnet to the inflector;
e injection of the electron beam to the storage ring.

In the paper the first results of the NESTOR facility
commissioning are described.

1. THE TRANSPORTATION CHANNEL
LATTICE

1.1. BEAM EXTRACTION FROM LINAC

Fig. 1 shows a diagram of the location of the genera-
tor NESTOR. The electron beam was emited from a
linear accelerator, the parameters of which are given in
Table 1. Linac control console is shown in Fig. 2. In
Fig. 2 there also is a picture of the beam with a fluores-
cent screen (ZnS), set in position 1 (see Fig. 1).
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Fig. 1. Layout diagram of NESTOR. 1-4 positions of fluorescent screens; pm1-pm2 beam position and current
monitors, pm3-pm4 beam position (fluorescent + wire) monitors

The magnetic system of the accelerator allows to fo-
cus the electron beam to the size of 5mm in diameter.

Parameters of the linear accelerator:

Energy, MeV.... ..., 60...90
RF frequency, MHz........................... 2797.15

20

Repetitionrate, Hz........................... 1...50
Pulse current, mA...........oooiiiiiiii, 90
Pulse duration, ns..............cooeeiinnna 1400
The width of the energy spectrum
(Steady-state), %0......cccvereeerereierieie e 15
Emittance (steady-state) mm mrad............ 0.1.
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Fig. 2. The LINAC console and the portrait of the beam
at the output of the accelerator

1.2. THE INJECTION CHANNEL LAYOUT

Fig. 3 shows the injection channel layout. Injection
channel lattice is based on the classic five lenses parallel
translation focusing system with a 60 degree beam
bending angle in the dipole magnets (see Fig. 3) [2].
This type of lattice has flexible focusing properties and
allows to change the beam parameters in a wide range.
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Fig. 3. Layout of the NESTOR facility injection trans-
portation channel: 1 — linear accelerator; 2 — the first
transportation channel dipole magnet; 3 — quadrupole
lenses; 4 — collimator; 5 — dipole beam position correc-
tors; 6 — the second transportation channel dipole mag-
net; 7 — the first storage ring dipole magnet; 8, 9 —scin-
tillation screens and Faraday cups; 10 — inflector;
11 — beam current and beam position monitor

The electron beam from linear accelerator (1) goes
to the 60 degree dipole magnet (2) and passes through
the five lenses part of transportation channel (3). To
eliminate the particles with big energy deviation the
collimator with an aperture of 20 mm and length of 100
mm is placed after the second quadruple lens (4). It pro-
vides the energy spread of the beam of about + 1% after
collimation. After the second dipole magnet (6), the
beam enters the final quadruple doublet, which provides
the matches of the injected beam emittance and ac-
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ceptance of the storage ring. The beam passed through
the first storage ring bending magnet fringe field (pos. 7
Fig. 3) and through the storage ring lenses is transported
to the inflector (injection pulse septum on the traveling
wave [4]). The inflector forms the optimum conditions
for the injection of the beam to the storage ring. The
amplitude of the betatron oscillations in x plane at the
injection azimuth is about 16 mm, and the optimal injec-
tion angle is equal to 5 mrad [4].

The main problem of the developed injection
scheme is the necessity to lead the electron beam
through the fringe field of the first storage ring dipole
magnet, where magnetic screen (metal pipe with aper-
ture of 10 mm) is installed, and further through the vac-
uum chamber elements with the same aperture. The
trajectory of the injection beam at this storage ring sec-
tion was simulated, taking into account fringe field cal-
culated with POISON code [5]). It should be noted that
the dipole magnet of the storage ring is surrounded by a
large number of other devices, so that the value of the
fringe field in practice may be different from the calcu-
lated value. To compensate possible magnetic field dif-
ferences five beam position dipole correctors were in-
troduced in the injection channel

2. STEPS OF BEAM INJECTION THROUGH
THE TRANSPORTATION CHANNEL

Now the beam instrumentation system of the injec-
tion channel and storage ring involves two beam posi-
tion and current detectors (see pml, pm2 Fig. 1) and
indicating blocks mounted on the exit of straight sec-
tions of injection channel dipole magnets (position 1, 2,
34 Fig. 1). The beam has been registered with switched
off dipole magnets. Measurement block (position 1, 2, 4
Fig. 1) consists of:

* Faraday cup for measurement of the average beam
current and beam absorption;

« scintillating screen (an aluminum plate coated with
a layer of zinc sulfide ZnS) registered with a video re-
cording system;

* wire beam position monitor.

Measurement block (see pos. 3 Fig. 1) consists only
scintillating screen and wire beam position monitor.
This sensor was installed temporarily in place of the
inflector.

Such minimized beam instrumentation system has
conditioned the special tactics of the beam injection into
the storage ring. The beam pass was realized in a few
stages, and for each stage a separate focusing regime
was calculated. Below the stages are described:

» Stage 1. In this mode, the first bending magnet
(see pos. 2 Fig. 1) of the injection channel was switched
off and electron beam was observed with the detector
system at the direct output of the accelerator (see pos. 8
Fig. 3). With use of a quadruplole doublet between two
accelerating sections and two dipole correctors the beam
sizes were formed, the beam position was centered. The
measured parameters of the linear accelerator beam dur-
ing the first commissioning shifts are the following:

 The output beam current of the electron gun was
140 mA.
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» Current after the first accelerating section was
46 mA.

* Current after the second accelerating section was
33 mA.

The optimized transverse electron beam sizes at the
exit of the linear accelerator at screen (see pos. 8 Fig. 3)
were 5x5 mm (see Fig. 2).

« Stage 2. For this stage the first bending magnet of
the transportation channel was switch on (see pos. 2
Fig. 3) but the second magnet (see pos. 6 Fig. 3) was
switched off. During the second stage for beam trans-
portation the special focusing mode of the parallel
transportation with specific quadrupole forces was de-
signed (Figs. 4, 5).
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Fig. 4. Dispersion function along the transport channel
in the second stage

The mode provides stable registration of the beam
parameters using current transformer detector (see
pos. 11 Fig. 3) and registration block (see pos. 9 Fig. 3).
Due to large value of dispersion function in the registra-
tion point in normal operation focusing mode the trans-
verse size of the beam in the horizontal plane at block
point (see pos. 9 Fig. 3) is equal to 20 mm, that does not
allow certainly define the parameters of the beam.
Channel tunings at this stage allow to evaluate the
alignment accuracy of the magnetic elements in the par-
allel transport channel and correct the electron beam
position with dipole correctors (see pos. 11 Fig. 3).
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Fig. 5. Transverse sizes of the beam along the transport
channel in the second stage. Envx, Envy — horizontal
and vertical beam size, respectively

Formed beam on the scintillating screen (see pos. 9
Fig. 1) is shown in Fig. 6. Beam sizes are in a good
agreement with the calculated (see Fig. 5). To determine
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the necessary forces of dipole correctors of the parallel
transport channel sensitivities of the beam gravity center
to each corrector were calculated. The measurements
showed good agreement between calculations and exper-
imental data.
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Fig. 6. Electron beam shape behind the second bending
magnet of the transport channel the (see pos. 9 Fig. 1)

Measured distortions of equilibrium beam orbit at
point 9, Fig. 1 are about 4 mm in both transfer direc-
tions that indicates the 100 mm RMS accuracy of mag-
netic elements installation along transportation channel.

Electron beam current measured with current trans-
former detector in parallel transfer channel is about
20 mA (66% of the current at the exit of the linear ac-
celerator). Beam losses due to its energy selections are
in a good agreement with calculation results.

Stage 3. During the stage three the transportation
channel dipole magnets were switched on (see pos. 2, 6
Fig. 3). The first bending magnet of the storage ring (see
pos. 7 Fig. 3) was switched on. The beam position and
transfer sizes were optimized to provide the maximum
efficiency of the beam injection to the azimuth on the
inflector with effect of the storage ring dipole magnet
and ring quadrupoles fringe field.

The lattice of the injection channel in the third stage
corresponded to the NESTOR facility operation mode.
Calculation and measurement results are shown in

Figs. 7-9.
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Fig. 7. Dispersion function of the beam along
the beam transportation channel at the stage 3
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Measurements have shown that the position of the
beam at the azimuth of the injection can be changed
within range of £5 mm using the correctors, that allows
to select the optimum conditions for the beam injection.
Within the accuracy of the experimental measurement
the forces of correctors match with the calculated.
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Fig. 8. Transverse sizes of the beam along the beam
transport channel in the stage 3. Envx,
Envy — horizontal and vertical beam size, respectively

Fig. 9. Focused beam at the inflector point with different
forces of correctors (displacement of about 5 mm)

Stage 4. In this mode, all the magnets were included
in the normal mode of the storage ring. Unfortunately,
at the time of injection testing the authors were not able
to power the pulsed inflector. Therefore, we developed a
special mode that allows pass the beam through a long
straight section to the screen in Fig. 1, pos. 4. The imag-
es of the beam at the screen for different value of cor-
rectors field are shown in Fig. 10. As one can see from

the figure it is possible to adjust the beam inside storage
ring aperture with correctors of the first straight section.

Fig. 10. Focused beam at the inflector point with different
forces of correctors

CONCLUSIONS

As a result of the beam transportation through the in-
jection channel the calculations for injection into the
NESTOR storage ring were experimentally tested. It
was shown that the intensity of the beam and its sizes
correspond to the design within the experimental error.

This work was supported by grant NATO SfP-
977982.
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HAYAJIO 3AITYCKA PEHTTEHOBCKOI'O TEHEPATOPA HECTOP

B. Anopocoes, A. bezoemxko, B. bopuckun, I1. I'naokux, C. I'okoe, A. I'opouenxo, B. I'pesues, A. I'6030b,
B. Heawenro, A. Kanamaiixo, U. 1. Kapnuayxoe, U.M. Kapnayxoes, /. Kopstcos, B. Kozun, B. Kywnup, B. /Iawenko,
M. Mouceenxo, B. Mapzun, H. Mouewinukos, B. Mumpouenxo, A. Moiyvikos, @. Ilees, A. Pezaes, B. Cepeuenxo,
A. Illlep6axoe, B. Ckupoa, IO. Tenezun, B. Tpouenko, A. 3enunckuit, A. 3onoueeckuii, O. 360napeea

[IpencraBneHsl epBBIE Pe3yIIbTaThl BBOAA B AKcIuTyaTarmio renepatopa HECTOP. UmxkekTop-nuHeiHbIH yeKo-
putens Ha 60 MdB 31eKTpoHOB OBUT UCIIBITAH, W MEPBHIN MMyYOK C MPOSKTHBIMHU MapaMeTpaMu OBLIT 3apeTUCTPHPO-
BaH Ha SKpaHaX MOHUTOPOB. DJIEKTPOHHBIN Iy4OK MPOBEJEH Yepe3 KaHal TPAHCIIOPTUPOBKH M CHCTEMBI BBOJA B

BaKyyMHYI0 Kamepy Hakonmtens. [Iydok 31ekTpoHOB HaOmrogaeTcs M KOHTPOIHMPYETCS Ha SKpaHEe MOHHTOPOB B
OXKHJAEMOM JAHara3oHe.

MMOYATOK 3AITYCKY PEHTTEHIBCBKOI'O TEHEPATOPA HECTOP

B. Anopocos, O. bezoemko., B. bopickin, I1. I'naokix, C. I'okos, O. I'opdienxo, B. I'pesuyes, A. I'6030b,
B. Isawenko, A. Kanamaiixo, L1. Kapuayxoe, I. M. Kapnayxos, /. Kopscos, B. Kosin, B. Kywnip, B. /Iauenxo,
M. Moiceenxo, B. Mapzin, H. Mouewnikos, B. Mimpouenko, A. Muyukos, @. Ilces, A. Pezaes, B. Cepzienko,
0. Ill]epbakos, B. Cxupoa, IO. Tenezin, B. Tpoyenro, A. 3enincokuii, O. 3on0uescvkuit, O. 36onapvosa

[epmi pesynbraté BBOAY B ekcruryatanito renepatopa HECTOP mpeacrasneni. [mkekrop-niHIHHUN NpUCKO-
proBad Ha 60 MeB enextpoHiB OyB BUNpoOyBaH, Ta MEPIIN MyYOK i3 MPOEKTHUMH MapameTpamu OyIIo 3apeecTpo-
BaHO HA €KpaHaX MOHITOpiB. EnekTpoHHMI MydoK MpOBEACHO KPi3b KaHAJI TPAHCIIOPTYBAHHS Ta CUCTEMH BBOIY B

BaKyyMHY KaMepy HakomudyBaua. [IydOK eeKTPOHIB CIIOCTEPIraeThCsl i KOHTPOIIOETHCS HA €KpaHaX MOHITOPIB B
OYiKyBaHOMY Jliana3oHi.
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