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(57) ABSTRACT

The present invention refers to a method for detecting posi-
tion and arrival time of accelerated particles, particularly in a
linear particle accelerator, and to an apparatus for carrying out
said method. When a correction is triggered, the apparatus
according to the invention digitally processes a triggering
signal by means of a programmable digital synthetic system
being set in a manner that it is equivalent, referring to the time
response, to the analogue correction signal received. The
output from said synthetic system is deducted from the mea-
surement, therefore, the correction signal is entirely deleted
from the measurement. A special adaptive algorithm takes
care for the time response compliance of the synthetic system
with alterations in the analogue circuit generated due to the
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METHOD FOR DETECTING POSITION AND
ARRIVAL TIME OF ACCELERATED
PARTICLES AND APPARATUS FOR
CARRYING OUT SAID METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority from
Slovenia patent application number SI P-201100013, filed
Jan. 13, 2011.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention refers to a method for detect-
ing position and arrival time of accelerated particles, particu-
larly in a linear particle accelerator, and to an apparatus for
carrying out said method.

[0004] 2. Description of the Related Art

[0005] Accelerating heavy particles requires a precise set-
ting of the electromagnetic field in resonant cavities in the
moment when particles cross said cavities. The arrival time of
particles into the next resonant cavity is of the crucial impor-
tance, for said particles would receive incorrect energy dose if
arrived at different time due to the time alteration of the field
phase in said cavity. Due to accumulation of errors, the result
is even greater deviation in the following cavities leading to
the instability of the entire system. Due to said mutual influ-
ence between the resonant cavities and the particles, particle
acceleration requires appropriate control of the resonant cavi-
ties and other accelerator parameters thus, resulting in an
accurate detecting of the position and the travel time of the
particles through sections.

[0006] Detecting the particles position and arrival time is
carried out in different sections of the accelerator. Four elec-
trodes are built into a vacuum tube of each section of the
accelerator arranged in a plane of the cross-section of the
vacuum tube. Thus, electrical signals in radio frequency
range being excited on electrodes by particle bunches. Par-
ticle bunches sequences determine section-wise periodical
pulse voltage patterns on the electrodes in which the signal
strength is distributed particularly about certain harmonics of
the base repeating frequency.

[0007] Usually, particles position and arrival time detection
deals with an amplitude and phase detection of the excited
frequency component on four electrodes. Detected amplitude
differences between channels determine the particles posi-
tion, and the phase offsets against the global reference signal
determine the particles arrival time.

[0008] Typically, linear accelerators of heavy particles
simultaneously supply different “experimental stations” with
particles of different nature, thus acceleration is to be adapted
to the current accelerated beam flavor. Beam flavors are typi-
cally changed up to 120 times per second. Said particles
flavors determine the particle charge variation, and propor-
tionally also amplitudes of the detected signal in wide ranges
(even for a factor of 1000 and more). Generally, systems are
used in the accelerators to detect particles position by means
of which it is possible to handle detections in said amplitude
ranges of the detected signal, however, a working area of the
input power is to be set/switched in the detecting apparatus
before the change of the signal input power takes place.
Currently, detecting apparatuses having constant range of the
operating power are in use with linear accelerators and within
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said specific applications such as detecting particles position
and arrival time. When dealing with the low charge particles
with such apparatuses, the signals on electrodes become very
low and the noise of the receiver dominates over the signal,
thus, it is not possible any more to determine the position and
arrival time, respectively, within the required accuracy.

SUMMARY OF THE INVENTION

[0009] It is the object of the present invention to create a
method for detecting position and arrival time of accelerated
particles, particularly in a linear particle accelerator, remedy-
ing thus drawbacks of the known solutions.

[0010] Further object of the invention is to create an appa-
ratus for carrying out a method for detecting position and
arrival time of accelerated particles, particularly in a linear
particle accelerator.

[0011] The object as set above is solved by means of char-
acteristics of the characterising portion of the claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is further described in detail on the
basis of the preferred embodiment, and with a reference to the
accompanying drawing, FIG. 1, where it is schematically
shown an apparatus for detecting position and arrival time of
accelerated particles, particularly in a linear particle accelera-
tor, according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0013] According to the present invention, an apparatus
comprises a plurality of mutually parallel detecting channels,
where the preferred embodiment shown in a drawing com-
prises a plurality of four detection channels A, B, C, D. Each
said detection channel A, B, C, D comprises a summation
block 1 receiving at the input thereof an analogue input signal
E from each electrode of a linear accelerator not shown. An
analogue processing unit 2 being connected downstream to
said summation block 1 for preprocessing of said input sig-
nals E, said analogue processing unit 2 being preferably an
analogue filter where said electrode input signal E arrives
from each summation block 1. Furthermore, a processing unit
3 being connected downstream to said analogue processing
unit 2, comprising a pair of mutually parallel processing
chains each of which comprises a processing unit 4, 4' and a
digital converter 5, 5' linked in series. As to the amplification
and to the frequency response said processing chains 4, 5; 4',
5' are mutually completely independent. Afterwards, each
signal from the analogue processing unit 2 for preprocessing
said input signals E, is split into two mutually parallel parts,
the first part of each said signal E enters the first processing
chain 4, 5 of said processing unit 3, and the second part of
each said signal E enters the second processing chain 4', 5' of
said processing unit 3. In each said processing chain said
signals being processed and transformed into digital form. A
digital signal exiting each processing chain 4, 5; 4', 5' of said
processing unit 3 being further directed into a programmable
digital signal processing unit 6 the main goal thereof being
detection of the amplitude and the phase of said digital signal.
The first output 7 of said processing unit 6 represents now a
result of a position detection, and the second output 8 of said
processing unit 6 represents a result of time and phase detec-
tion, respectively.
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[0014] In parallel with the four channels unit as described
above, a correction chain K being attached to said processing
unit by means of which an analogue reference sine signal 9
being directed into said processing unit 6 simultaneously with
said digital signal. At first, said reference signal 9 being
directed into an analogue processing unit in order to pre-
process said reference signal 9, preferably in an analogue
filter 10, and afterwards further into a digital converter 11
where said processed analogue reference signal 9 being digi-
tized and forwarded into the processing unit 6. Prior entering
said digital converter 11, a part of said reference signal 9
being split and directed into a processing unit 12 where being
conveniently amplified and optionally used by means of an
analogue non-linear transformation for generating harmonics
of'the input reference frequency which represent an analogue
correction signal 14. In this manner, unwanted frequency
contributions are filtered out, and the rest of said signal 14
enters into each said detecting channel A, B, C, D through fast
radio-frequency switch 13 in very short programmable time
periods via said summation block 1. When said switch 13 is
closed, each processing unit 3 receives, in addition to said
input signal E, also said correction signal 14. From the
detected amplitude and phase of the correction signal 14 it can
be measured the drift mutually introduced into processing
units 3 due to printed circuit temperature changes. Drifts
produced during longer time-spans can be measured through
the digital signal processing, and, as a result, eliminated from
the detecting apparatus. Thus, the apparatus with the correc-
tion according to the present invention, as described above,
enables stable detection also of the slow variations of the
beam position and the particles arrival time through the
detecting section without the detection being distorted due to
the temperature variations in the detecting apparatus.

[0015] Utilizing a proper setting of the analogue amplifica-
tion makes possible to receive the input signal E even at the
very low powers, since low signals are optimally amplified in
aprocessing chain with a greater amplification. In contrast to
the aforementioned, a processing chain with the lower ampli-
fication is useful with stronger input signals E. In the ultimate
ranges of the input power, the system automatically selects
digital data detection process on the basis of the current power
of said input signal. With middle powers, the system carries
out a weighted averaging from said processing chains 4, 5, 4',
5', thus reducing uncorrelated uncertainty introduced into
each said processing chain. In addition, the system imple-
ments a digital response linearisation for the chain with
greater amplification of the response of said processing
chains, so that the integration of the information of said pro-
cessing chain with the greater amplification is possible also
with the relatively high power of the input signal.

[0016] Said extension of the input power range, and the
detection improvement based on the two physically separated
receivers enables a high-quality position detection and arrival
time of'the particles in a relatively broad spectre of the particle
charge without necessity to change any analogue part of the
system.

[0017] The system according to the present invention
enables a parallel measurement of the amplitude and the
phase also within several frequency components. In addition
to the base frequency, the system deals in both the analogue
and the digital process with harmonics of the base frequency
of the repetition of the particle bunches. Each frequency
component enables a detection of the particles position and
arrival time of the comparable quality. The system carries out
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detections independently over each frequency component of
the input signal in said channels, and deals with automatically
for the final measurement of said apparatus to be optimally
balanced average of each contribution, thus additionally
diminishing the uncertainty of the final measurement.
[0018] Whenever the measuring phases are carried out on
the harmonics of the base frequency, the system also carries
out a transformation of the phase detection into the base
frequency. Within said transformation, the apparatus accord-
ing to the present invention provides for a solving the uncer-
tainty due to the periodical phase with multiple frequency,
and transmits the user of the apparatus an equivalent phase of
the base frequency component.

[0019] With specific applications, where it is required a
lower dynamics of the input power it is possible to set the
amplification in said processing units 3 to similar values, and
to offset accordingly the frequency response of each said
processing unit, thus increasing the bandwidth of the trans-
formed data for the factor of two, since the sampling of the
common signal source in such a system is performed with a
double density.

[0020] Said apparatus according to the present invention
enables two types of sensing the correction signal. The first
typeis based on an interrupted operation, and the second type
deals with an uninterrupted accelerator operation.

[0021] With the interrupted accelerator operation, it is pos-
sible to automatically trigger a correction signal 14 within
certain time slots when no presence of the particles is
declared. Thus, during the discrete time periods the apparatus
carries out detections of the correction signal 14 and the
signal E of the particle beam. Corrections, calculated on the
basis of each detection of the correction signal 14 are used
with the subsequent beam detection, for the temperature
changes during very short time periods are rather negligible.
[0022] With the uninterrupted accelerator operation, the
apparatus periodically engages the correction signal 14. The
latter overlaps with the particles signal E, however, the appa-
ratus records in the moment when the correction signal 14 has
been introduced, average alterations in detection due to the
contributions of the correction frequency components intro-
duced. Since the apparatus itself triggers the correction, it is
possible on the basis of the triggering delay detection of the
correction signal and on the basis of the average recorded
deviation to detect the contribution of the correction and to
eliminate it entirely from the measurement.

[0023] When triggering the correction, the apparatus
according to the present invention digitally process the trig-
gering signal by means of a programmable digital synthetic
system which is set in a manner that it is an equivalent,
according to the time response, to the received analogue
correction signal. The output of said synthetic system is sub-
tracted from the measurement, thus the correction signal
being entirely deleted from the measurement. A special adap-
tive algorithm being provided for the time response correc-
tion of the synthetic system with the perturbations in the
analogue circuit, said perturbations being generated by the
warming of the circuit itself.

1. A method for detecting position and arrival time of
accelerated particles, particularly in a linear particle accelera-
tor, characterised in that it comprises the following steps:

(a) sending an input signal (E) from a plurality of elec-

trodes in an accelerator to the input of an analogue
summation block (1) of each detection channel;
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(b) preprocessing said input analogue signals (E) in an
analogue processing unit (2) being connected down-
stream to said summation block (1);

(c) processing said input analogue signal (E) in a process-
ing unit (3) being connected downstream to said ana-
logue processing unit (2);

(d) splitting said analogue signal arriving from the ana-
logue processing unit (2) into two mutually parallel
parts, a first part of each said analogue signal entering a
first processing chain (4, 5) of said processing unit (3),
and a second part of each said analogue signal entering
a second processing chain (4', 5') of said processing unit
3):

(e) processing and digitising said analogue signal in each
processing chain (4, 5; 4', 5");

(f) supplying said digital signal into a programmable digi-
tal signal processing unit (6) for a detection of an ampli-
tude and a phase of said digital signal;

(g) supplying analogue reference signal (9) being prepro-
cessed in an analogue processing unit (10) and after-
wards digitalised in a digital converter (11), to said pro-
cessing unit (6) simultaneously with said digital signals
arriving from said processing unit (3);

(h) supplying a part of said analogue reference signal (9)
being preprocessed in said analogue processing unit
(10), to a processing unit (12) for amplification and use,
by means of an analogue non-linear transformation, to
generate harmonics of an input reference frequency rep-
resenting an analogue correction signal (14); and

(1) input said analogue correction signal (14) through a fast
radio-frequency switch (13) into the summation block
(1) of each detection channel.

2. A method according to claim 1, characterised in that said
processing chains (4, 5; 4', 5') are mutually entirely indepen-
dent concerning the amplification as well as to the frequency
response.

3. A method according to claim 1, characterised in that said
analogue processing unit (2, 10) is a filter.

Jul. 19,2012

4. An apparatus for detecting position and arrival time of
accelerated particles, particularly in a linear particle accelera-
tor, characterised in that comprises a plurality of detection
channels (A, B, C, D) being mutually in parallel, each thereof
comprising a summation block (1) to which an analogue
processing unit (2) is connected downstream for preprocess-
ing said input signal (E), that a processing unit (3) is con-
nected downstream to said analogue processing unit (2),
wherein a digital signal exiting said processing unit (3) being
further directed into a programmable digital signal process-
ing unit (6), and that a correction chain (K) being arranged in
parallel with said detection channels.

5. An apparatus according to claim 4, characterised in that
said correction chain (K) comprises a processing unit (10) for
preprocessing a reference signal (9), a digital converter (11)
being attached downstream thereto, which is linked with the
processing unit (6), wherein between said processing unit
(10) and said digital converter (11) there is arranged in par-
allel a processing unit (12) an analogue correction signal (14)
exiting there from being directed via a fast radio-frequency
switch 813) into said summation block (1) of each said detec-
tion channel (A, B, C, D).

6. An apparatus according to claim 4, characterised in that
said processing unit (3,, 3, . . . 3,) comprises a pair of
processing chains (4, 5; 4', 5') being mutually in parallel.

7. An apparatus according to claim 4, characterised in that
said processing chain (4, 5; 4', 5') comprises an analogue
processing unit (4, 4") and a digital converter (5, 5') connected
downstream.

8. An apparatus according to claim 4, characterised in that
said processing chains (4, 5; 4', 5') are mutually entirely
independent concerning the amplification as well as to the
frequency response.

9. An apparatus according to claim 4, characterised in that
said analogue processing unit (2,, 2, . . . 2,; 10) is a filter.
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