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Control of beam parameters is important for maintenance of linac operating conditions, as well as, for securing a
high-speed protection of exit channel components against the beam damage. For this purpose the beam current,
beam center position and ellipse cross-section (10 MeV, 10 kW, 1 A/pulse, 300 Hz, 3.5 us) are measured at the out-
put part of linac. Two similar current sensors, position sensor and water-cooled copper collimator in the gap be-
tween the current sensors were used. All the sensors of a magnetic induction type have windings on ferrite coils
placed in vacuum. The system is described and the component calibration results are reported. The coefficient of
beam losses during the transit through the collimator is calculated with the use of a special microprocessor placed in
the ADC module which receives the signal from two current sensors. An algorithm of signal digitization eliminates
the failures under the action of pulse interference. When the set threshold of beam losses is exceeded, the signal
from the electron source blocking enters into the linac synchronization unit. Control of position sensor signals is
carried out without beam chopping by the on-line comparison between the four position sensor signals and the cur-
rent sensor signal being placed in the same case. The data on the beam parameters are displayed on the PC screen.

The system is successfully used during several years.
PACS: 29.20.Ej; 29.27.-a

INTRODUCTION

Development of nondestructive transit methods for
beam diagnostics is an urgent problem for research ac-
celerators and high-power industrial electron accelera-
tors. The most important parameters of the beam are its
current value and spatial characteristics: coordinates of
beam centroid and beam ellipse cross-section distribu-
tion (the first and the second cross-sectional moments).

In reference [1] a device which operates on the prin-
ciple of measuring the “image” currents in the walls by
means of 16 discrete sensors is described The above
beam parameters can be obtained using the approximate
Fourier analysis of sensor signals. The device is de-
signed for a nanosecond duration range.

In reference [2] a system of 8 air-core coils uniform-
ly distributed around the sensor perimeter is applied.
The signal processing is the same as in [1]. The sensor
operates with beams of =50 ns duration.

In reference [3] one uses a sensor of four electrostat-
ic plates which are impact-excited by the field of subna-
nosecond electron bunch.

For measurements at the linear electron accelerators
with current pulse duration of =1.5...4 ps it is advisable
to apply magnetic induction sensors with ferrite ring
windings having a high p to image the beam pulse
shape with insignificant distortions.

A possibility in principle of measuring the beam pa-
rameters by the magnetic induction method is under
consideration in [4]. In this paper it is shown to which
requirements should answer the sensor for measure-
ments of beam current spatial characteristics.

The distribution of the beam-current pulsed magnet-
ic field in the ferrite-filled induction sensor differs
markedly from that of the atmospheric one. Therefore,
investigations of the four-coil sensor designed for
measurements of the first and second cross-section mo-
ments were commenced.
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1. SENSORS OF HIGH-INTENSITY LINACS

In the Science and Research Establishment “Accelera-
tor” of the National Science Center “Kharkov Institute of
Physics and Technology” the high-intensity linacs are
operating over a long period of time. The linac LU-10
current pulse duration is of about 4 ps, pulse current from
0.4 to 1 A, pulse repetition rate 150...300 Hz, electron
energy near 10 MeV. Schematic representation of the
exit channel of this linac is shown in Fig. 1.
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Fig. 1. Schematic representation of the exit channel

of the accelerator LU-10:
1 —accelerating section output; 2 —doublet of
quadrupoles; 3 —corrector magnet; 4 —Faraday

cylinder with a movable cap; 5 —beam current sensor;

6 —spectrometer; 7 —cooled collimator; 8 —beam
position and current sensor; 9 —scanning magnet

To provide a safe beam transfer, there were manu-
factured four-coil magnetic induction sensors designed
for measuring the beam position centre relatively to the
accelerator axis with an error +0.5 mm at the input and
output of the accelerating section [5].

Before placing in the linac the sensors each have
passed calibration tests on the special stand. The stand
comprises a beam current simulator, meter head permit-
ting to move the sensor along two coordinates with a
setting accuracy of 0.01 mm and automatic measuring
channel.
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Schematic representation of measuring channels is
shown in Fig. 2. In order to increase the signal-to-noise
ratio, the signals from sensors go to the matching pulse
transformer by symmetric cables. After amplification up
to 2 volts, the signals go to linac control room for pro-
cessing. Analog Device AD8041 high speed amplifiers
are used in unit (160 V/ps slew rate). To avoid the radi-
ation damage, measuring unit is situated outside the
linac vault.
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Fig. 2. Schematic representation of measuring channels

For the electron beam simulation we used one or two
current-carrying strings with a cross-section diameter of
0.1 mm stretched perpendicularly to the sensor plane.
Rectangular current pulses of 4 us duration with ampli-
tude from 300 to 800 mA were transmitted through the
strings. As a result, induced signal were observed on the
opposite sensor windings.

Calibration function of X-channel is shown in Fig. 3.
The similar function for reduced Y coordinate

isV=(U,-U,)/(U,+U,). Coordinates of beam cen-
troid are X=(/S)H; Y=(/S))V; where

S, = Sy =3.1%/mm are calibration factors (see Fig. 2)
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Fig. 3. Reduced coordinate H versus the beam simulator
shift dx

Reduced parameter of the second moment D versus
the distance between the calibration strings is shown in
Fig. 4. Two strings are equivalent of thin stripe shaped
beam placed horizontally or vertically (1stand 3rd quad-
rant in Fig.4). Beam ellipticity is equal to

Q=o0;-0,=(1/S,)D-(X*-y?); where o,,0,
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are effective dimensions of beam along X, Y axes;
S, =0.067%/mm’ (see Fig. 4)
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Fig. 4. Reduced parameter of the second moment D
versus the distance between the calibration strings,
1st and 3rd quadrant — strings are moved apart along X
and Y axes, respectively

When the high-intensity linacs are operating, the
measuring channels are under influence of external
noises. The latter are high-frequency noises, which
modulate the beam current pulse top, and low-frequency
pulses, mainly from the power system, which change
the amplitude of signals from pulse to pulse. It should
be noted that besides the HF noises the space-time beam
structure exerts influence on the current pulse top shape.

To decrease the noise effect the values of the beam

center coordinates X,y and the second moment Q are

estimated by the selection of 32 (not less) current pulses
and subsequent averaging of results. The appearance of
the collimator unit and transit sensor at the exit of accel-
erator LU-10 is shown in Fig. 5.

“ .
Fig. 5. Appearance of the protective collimator unit
(on the left) and transit sensor (in the centre)
at the exit of the accelerator LU-10

2. UPGRADING OF SYSTEMS

In recent years the control and steering systems of
the high-intensity linear accelerator LU-10 were up-
graded in order to increase the accuracy of beam param-
eter measurement data processing, to improve the opera-
tion speed and to provide the protection against the in-
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admissible electron beam losses in the case of emergen-
cy situation.

The automatic control and steering system (ACSS)
provides the control of current, energy, electron beam
distribution, beam position steering by changing the
current value in the power supply to magnetic elements
[6]. ACSS is a hardware-software complex comprising
the following units:

- personal computer (PC) of IBM PC type;

- control cabinet;

- power frame of accelerator magnetic components;

- software.

An external sync pulse enters into the synchroniza-
tion input of ADC-02 and produces the interrupt of the
IRQ?2 signaling processor. The interrupt processing rou-
tine triggers the measurement process by the program-
controlled delay time.

After the interrupt is terminated the main program of
the signaling processor transfers the data into the PC
main memory via the PCI bus. The measurement pro-
cess is repeated with the next sync pulse arrival.

The system includes a bi-directional bus for control-
ling the external analog switching unit.

The appearance of the ADC (ADC-02 type) is repre-
sented in Fig. 6.

Information on the operating condition of accelera-
tor systems and electron beam parameters is displayed
on the color graphic terminal. Monitoring of the accel-
erator operation is performed by the operator with the
aid of the PC keyboard. Program modules can provide a
single and multiple monitoring of accelerator systems
and to issue control commands. Information on the ac-
celerator beam parameters is transmitted to the file serv-
er of the computer network of the Science and Research
Establishment “Accelerator”.

Fig. 6. Appearance of the ADC (ADC-02 type)

For measurements of the beam amplitude and beam
pulse current shape the accelerator is equipped with two
magnetic induction sensors mounted at the input and
output of the water cooled collimator [7, 8].

The sensor signals are used in the control system for
estimation of the amplitude and average values of the
current.
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Calibration of sensors is carried out systematically
with the use of test pulse trains from the special current
generator [9, 10]. At the output part of linac, besides
transit sensors, a four-coil position sensor is placed
which permits to determine the beam center position
and beam ellipse cross-section with an accuracy of be-
low 0.5 mm. The system is operating during three years.
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KOHTPOJIb TAPAMETPOB UMITYJIbCHOI'O ITYYKA HA BBIXO/JJHOM TPAKTE
CHJIBHOTOYHOTI'O JIY32

B.H. bopuckun, B.H. Bepewaxa, A.H. /loéousa, P.H. /Iponoes, /1. K. Makywko, JI.B. Penpunuyes, A.H. Caguenko,
A.A. Capsunos, B.U. Tamanos, B.A. Illeguenxo, B.A. Illenopux

KoHTpons mapaMeTpoB mydka BaKeH KakK I MOMACpKaHUS pekuma padorel JIYD, Tak U I opraHM3aiuu
OBICTPOH 3alUTHI OT MOPAKCHUSA DIIEMCHTOB BBIXOIHOTO TpaKTa IMy4KOM. J[Js 3TOro Ha TpakTe BBIBOJA ITydKa
(10 MsB, 10 kBt, 1 A/umit., 300 I'm, 3,5 MKC) U3MEPSIFOTCSI TOK IMy4Ka, MOJOKEHHE €ro HEHTPa U AJUTUIITHIHOCTh
MIOIIEPEYHOr0 CeUCHMs. VICIomp30BaHbl 1Ba MICHTHYHBIX JaTYMKA TOKA, JATYHUK ITOJIOKEHUS W BOMOOXJIaXKIACMBbIH
MEIHBIA KOJUTUMATOp B MPOMEXKYTKE MEXAY JaTYMKaMU TOKa. Bce MaT4yMKi MarHUTOMHIYKIMOHHOTO THIIA C 00-
MOTKaMH Ha (PEPPUTOBBIX KOJBIAX, IIOMEIICHHBIX B BakyyM. OmnricaHa KOHCTPYKIHS W TPUBEICHBI PE3YAbTATH Ka-
TUOPOBKA BeexX AneMeHToB. KoadduimeHT moreps mydka mpu MpoNIéTe KOUIMMATOPA PACCUUTHIBACTCS CIICIIHAITE-
HBIM MHKPOIPOIIECCOPOM, pa3MemEHHbIM B Momyiae ALIIl, Ha KOTOpEIH MOCTYMAIOT CUTHATBI OT ABYX IATYMKOB
TOKa. AJITOPUTM OIM(PPOBKHU CUTHAJIOB YCTPaHIET COOU TPH BO3ICUCTBUH UMITYIHCHOM MoMexu. [Ipu nmpeBbIIeHuN
YCTaHOBJICHHOT'O TOPOTra MOTeph ITy4ka B OJIOK CHHXpoHm3anuu JIYD mocTymaer cUrHan OJOKMPOBKH MCTOYHHUKA
ANeKTpOHOB. KOHTPOIh CHTHANIOB ¢ aTYMKa MOJIOKECHHUS 0€3 TPephIBaHUS ITydKa MPOBOIUTCS ITyTEM OIEPATUBHOTO
CpPaBHEHHSI CYMMEBI YETHIPEX CUTHAIIOB MATYMKA ITOJIOKEHHS C CHTHAJIIOM MAaTYMKA TOKA, Pa3MEIIEHHBIX B OJHOM
koprryce. JlaHHBIC 0 TapaMeTpax IyYka BRIBEICHHI Ha auciuied DBM. Cucrema yCIEenHO UCIONB3YeTCs B TCUCHUE
HECKOJIBKUX JIET.

KOHTPOJIb TAPAMETPIB IMITYJIbCHOI'O ITYYKA HA BUXITHOMY TPAKTI
CUJIBHOCTPYMOBOI'O JIIE

B.M. bopuckin, B.M. Bepewakxa, A.M. /loeonsa, P.M. /lponos, JI. K. Maxywko, JI.B. Penpinyes, O.M. Casuenko,
O.A. Capginos, B.1. Tamanos, B.A. Illesuenxo, B.A. Illenopux

KonTpons mapaMeTpiB mydka BaXJIMBHH SK IS MATPUMKH pexkumy poootu JIIIE, Tak i juia opranizanii msua-
KOT'0 3aXHCTY BiJ| IIOpa3Ku €JIEMEHTIB BHUXiIHOTO TPakTy IydkoM. [yt miporo Ha TpakTi BuBOXY ITyuka (10 MeB,
10 kB, 1 A/im., 300 'y, 3,5 MKC) BUMIPIOIOTBCSI CTPYM ITy4UKa, MOJIOXKEHHS HOro HEHTpa Ta eNiNTUYHICTh Homepe-
YyHOro nepepizy. bynu BukopucTaHi 1Ba IEHTHYHUX AaTIMKA CTPYMY, TAaTUHK ITOJIOKEHHS Ta BOJOOXOJIODKYBAHUHI
MIJJHUH KOJIiIMaTOp NPOMiX aTYMKaMHu CTpyMy. Bel gaTdmky MarHiToiHAyKOiiHOTO THITY 3 0OMOTKaMH Ha (epHuTo-
BHX KiJIBIISIX, SIKI 3HAXOIATHCA Yy BakyyMi. OnrcaHa KOHCTPYKIis Ta NPUBEJIEHI pe3ylbTaTh KaJliOpOBKH YCiX ereme-
HTiB. KoedimieHT BUTpaT mMydka Mpu MPOJILOTI KOJIiMaTopa po3paxoBYEThCS CHELiabHIM MiKpOIPOIIECOPOM, SIKUI
3HaxomuThCs y Moayni AL, Ha sIKkuii MPUXOISITH CUTHAIIM B JBOX JATYHMKIB CTPyMY. AJITOPUTM OLU(BPOBKH CUT-
HaJIiB 3MEHIIY€E BIUIMB IMITYNIbCHOI nieperikoan. I1pyu nmepeBuIeHHi BCTAaHOBIICHOTO MOPOr'Y BTpAT My4ka B OJIOK CH-
uxponizauii JIITE mogaeTsest curuan 6710KyBaHHS JpKepena eleKTpoHiB. KOHTposs cHrHamiB 3 1aTYMKa TTOMOXKEHHS
0e3 TmepepruBaHHS ITydKa 3/1IICHIOETHCSI IIUISIXOM OIEPaTHBHOIO MOPIBHSHHS CYMH YOTHPHOX CHTHANIB JIATYUKA TI0-
JIO)KEHHS 3 CHTHAJIOM JIaTYMKa CTPyMY, sIKi pO3MilleH] B ogHOMY Kopiryci. [Tapamerpyn mydka BUBOJSITECS Ha JICII-
neit koM '1oTepa. CucremMa ycrilHO BUKOPHCTOBYETHCS Ha TIPOTSI31 IEKIIBKOX POKIB.
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