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The paper presents the magnet system for electron beam focusing and transport developed, manufactured and
applied in this work including: an inductive sensor for magnetic field strength measurement, having characteristics
similar to those of the Hall sensor, with which a map of the magnetic field in the accelerator diode has been ob-
tained; a synchronizer designed to control the accelerator magnetic field triggering in the wide time interval; a stand
for Rogovski loop calibration, used for noncontact measurement of the current in magnetic field solenoid coils.

PACS: 29.20.-c; PACS: 29.27.-Eg

INTRODUCTION

Magnetic systems, being an integral part of charged
particle accelerators, are designed to perform such func-
tions as: particle injection in and ejection from the ac-
celerator channel beam focusing and transport. Using a
detailed magnetic field map, measured with an in-
creased accuracy, it is possible to improve appreciably
the main accelerator performance — efficiency of parti-
cle beam transport throughout the accelerator channel
[1].

The objective of this work was to develop, manufac-
ture and apply the magnetic systems operating under
radiation conditions, in order to obtain a high-power
magnetic field in the accelerator. To deliver a required
energy to the target in the form of a shaped high-power
relativistic electron beam (REB) one needs a magnetic
field strength of tens kOe.

MAGNETIC SYSTEM

Beam parameters are directly related to the energy
loss on diode construction units. In diode constructions
with a long cathode holder going beyond the shaping
and transporting line, the vacuum surface of an acceler-
ating column insulator is bombarded by electrons. As a
result, the number of discharges on the insulator surface
increases and the diode commutation time decreases.

To transport a high-current electron beam it is nec-
essary to apply a focusing magnetic field having a suffi-
ciently high strength. Then, the Larmor radius of the
electron beam, moving in such a field, will be much less
than its diameter (beam cross-section). Reasoning from
the above, we have decided to use the magnetic focus-
ing method on the accelerator “Temp-B”. The magnetic
system comprises two solenoids one of which increases
the magnetic insulation of the accelerating column, and
other one shapes and transports the relativistic electron
beam (REB).

Magnetic fields of these solenoids, being in phase,
are triggered by synchronizers at a given time.

The magnetic field is produced by the pulse dis-
charge current of an energy storage capacitor through
the solenoid coil. The magnetic field strength is calcu-
lated by the following equation:
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where & — solenoid length, A, A, — distance from the
solenoid ends to the measurement point, ¢ and b — in-
ternal and external radii of the solenoid,
H, = 0,4 - NI ’
h
where N — number of turns, I — electrical current in the
solenoid.

A cylindrical solenoid designed for REB focusing
and transport is powered by the bank of 40 K411-7 ca-
pacitors with a capacity of 100 uF each. The solenoid is
placed in the accelerating column. The solenoid case
end is located on the distance of 700 mm from the high-
voltage electrode end at which the cathode holder stem
is fastened. The solenoid enclosed in the stainless steel
case has the length of 510 mm and consists of 150 coils.
The solenoid inductivity is 0.9 mH. When the capacitor
bank charged to 2kV is discharging, the maximum
3 kA electrical current, flowing through the solenoid,
creates the magnetic field strength equal to 10.27 kOe.
The coil heating in one triggering action reaches 6.8°C.

A conic solenoid (30 mH inductance, 0.5 ohms re-
sistance), designed for diode magnetic insulation forma-
tion, is powered by the bank of 40 IM2-5-140U4 capaci-
tors with a capacity of 140 mkF each. The transformer
oil-immersed solenoid is located above the accelerator
column. It has a length of 830 mm and consists of
208 coils. When the capacitor bank charged to 2.5 kV is
discharged, the electrical current flowing through the
solenoid creates the magnetic field strength equal to
4.1 kOe.

Solenoids have been turned on so that maximum
strength values were synchronized. This was done by
selecting a consistent delay in turning on the second
solenoid located on the synchronizer rack.

For modern physical devices the problems of mag-
netic field monitoring under real experiment conditions
with high radiation loads in accelerators are of current
importance. Especially, current information about the
magnetic field state is necessary for the accelerator
steady operation. Usually, the magnetic field measure-
ments are carried out outside the accelerator.

The magnetic filed strength has been measured, at
first, with a Hall sensor. However, at high intensities its
characteristics get the nonlinear region, therefore, for
subsequent measurements a measuring coil was used.
The measuring coil consists of 2000 coils of 0.1 mm



copper wire on the insulating frame of 20 mm in diame-
ter with the time intergation of 1 s.

Fig. 1 presents the magnetic field distribution along
the accelerating column axis where curve 1 is the
strength of the conic magnetic field solenoid and
curve 2 is the strength of the cylindrical magnetic field
solenoid.
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Fig. 1. Magnetic field distribution along
the accelerating column axis

Fig. 2 shows the magnetic field strength distribution
on the cylindrical field radius, where 1 — magnetic field
strength distribution at a distance of 70 mm from the so-
lenoid axis; 2 — 37 mm from the axis; 3 — along the axis.
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Fig. 2. Magnetic field strength distribution along
the cylindrical field radius
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Fig. 3. Schematic representation of the stand
for Rogowski loop calibration

The stand shown in Fig. 3 allows one to obtain rec-
tangular current pulses of 80 A and a duration of several
microseconds. The current commutation is performed
with a key made on the IGBT GA200SA60S transistor
which is driven by the NR3120 driver with optical isola-
tion. The signal from the shunt (Rsh) and the Rogowski
loop is fed to the oscillograph.

In Fig. 4 the upper ray is a shunt signal, the lower
one is a Rogowski loop signal obtained from the cylin-
drical field solenoid coils. The Rogowski loop signal
corresponds to the shunt signal with a coefficient of
0.34 kKA/mV.
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Fig. 4. Oscillograph of the cylindrical magnetic field
solenoid current measured with the help of shunt (1)
and Rogowski loop (2)

SYNCHRONIZER

The synchronizer assembled of units is a completed
functional device. Synchronizer units are arranged in the
case "CAMAC" by the appropriate unit commutation.
The synchronizer consists of a trigger-pulse unit and a
delay unit. A trigger-pulse unit is made on the base of I-
NE chips and a multivibrator. It enables to carry out
triggering, both in the manual mode, and by the external
positive pulse with the amplitude to 50 V.

The delay units based on the KI55AG1 monostable
multivibrator have different duration of adjustable de-
lays which are determined by the external elements R
and C connected to the multivibrator. The output pulse
shaper includes a multivibrator and three transistors.
The amplitude of the positive pulse output is 500 V.
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A block diagram of the synchronizer is shown in
Fig. 5. Channel 1 provides actuation of the first mag-
netic field conic solenoid without delay. Channel 2 pro-
vides actuation of the second magnetic field cylindrical
solenoid with a delay of 20 ps, which is adjusted in step
of 0.2 ps-10. Channel 3 is triggered by channel 2 and

provides the oscillograph triggering with a delay of A2
5 ms and adjustment of 0.1 ps-10. Channel 4 is triggered B
by channel 3 and provides triggering of a pulse voltage 3
generator (PVQG)) with a delay of 100 ps and adjustment =
of 10 ps-10. 2
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HUMITYJIbCHASI MATHUTHAS CUCTEMA YCKOPHUTEJIA PEJATUBUCTCKHUX DJIEKTPOHHBIX
IIYYKOB «TEMII-b»

A.b. bampaxos, E.I'. I'nywiko, A.A. 3unuenxo, 10.®D. Jlonun, A.I. Ilonomapes, C.H. @eoomos

Paccunrana u M3roToBJIeHa MarHUTHAsE CHCTEMa Ul (POKYCUPOBKH M TPAHCHOPTHUPOBKH 3JIEKTPOHHBIX MYYKOB.
W3roToBneH WHIYKTUBHBIA AATYUK Ul U3MEPEHMS HANPSHKEHHOCTH MAarHUTHOTO MO, aHAIOTHYHBIH 110 CBOUM
XapaKTEepPUCTHKAM JIaTYMKy XOJUIa, TPH HOMOIIN KOTOPOTO ObUIA CHATA KapTa MAarHUTHOTO MOJIS B AMOJE YCKOPUTE-
1s1. Pa3paboTaH 1 M3roTOBJICH CHHXPOHU3ATOP, IMTO3BOJIIONINN YIPABIATh 3aITyCKOM MarHUTHBIX HOJIEH YCKOPHUTEIS
B IIMPOKOM BPEMEHHOM AnanazoHe. Pa3paboTaH M M3roTOBJIEH CTEHA ISl KaTMOPOBKH MOsicOB Porosckoro, ¢ mo-
MOIIIBIO0 KOTOPOTO N3MEPSIETCS] TOK B KATYIIKaX COJICHOMIOB MAarHUTHBIX IT0JIEH HAa GECKOHTAKTHON OCHOBE.

IMITYJIbCHA MATHITHA CUCTEMA NPUCKOPIOBAYA PEJIATUBICTCBKUX EJIEKTPOHHUX
ITYYKIB «TEMII-b»

O.b. bampakos, €.I'. I'nyuiko, A.O. 3inuenko, 10.D. Jlonin, A.I. Ilonomapwvos, C.I. @edomos

Po3paxoBaHa i BUTOTOBJIEHA MarHiTHa cucrema Jyisi QOKyCyBaHHs 1 TPaHCIIOPTYBaHHS €J1EKTPOHHUX ITyuKiB. Bu-
TOTOBJIEHUH 1HIYKTUBHUI JaTYMK U1l BUMIPY HaNpy>KEHOCTI MarHITHOTO ITOJIsI, aHAJIOTIYHHH 32 CBOIMHU XapaKTepH-
CTHKaMH JJaTYnKy XO0JIa, 32 JOIOMOT'0I0 SIKOro OyJia 3HATa KapTa MarHiTHOro HOJIs B 101 npucKkoproBava. Po3po0-
JICHUH 1 BUTOTOBJIEHHUI CHHXPOHI3aTOp, 110 JO3BOJISIE YIIPABJIATH 3aIlyCKOM MarHiTHHX ITOJIiB TPUCKOPIOBaYa B IIH-
POKOMY TUMYACOBOMY Jiama3oHi. Po3po0IieHnii i BUTOTOBICHUH CTEH s KamiOpyBaHHsS NosiciB PoroBcekoro, 3a
JIOTIOMOTOIO SIKOTO BUMIPIOETBCSI CTPYM B KOTYIIIKaX COJICHOIIiB MarHiTHUX ITOJIiB HA O€3KOHTAKTHIH OCHOBI.
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