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A nuclear method for determination of energy and intensity of a proton beam is proposed to use for investigation
of collective ion acceleration by space charge waves arisen in an intense relativistic electron beam (REB) at its tem-
poral and spatial modulation. It is proposed to register the proton beam by using nuclear reactions ''B(p,0)*Be,
‘Be(p,a)°Li at the proton beam assistance to produce alpha particles, which should be detected with solid state de-

tectors.
PACS: 29.27.-a, 29.40.Wk

INTRODUCTION

Conventional electrothechnical measurements of pa-
rameters of accelerated ions in a collective ion accelera-
tor [1-3] based on temporal and spatial modulation of a
pulsed intense relativistic electron beam, are impeded
because of a high level of electromagnetic background
noise. Besides, standard methods for diagnostics of pro-
tons (magnetic analyzer, track detectors, flight-time
method) applied in [1] did not allow registering acceler-
ated protons within obtained MeV energy range. Nu-
clear physics methods are expedient in such circum-
stances. We have considered several schemes for nucle-
ar reactions usage, which occur at a chosen target bom-
bardment by a proton beam, as well as some realizable
methods for nuclear reaction products registration. The
conclusion is made regarding which one of these meth-
ods is appropriate for registration of a proton beam ob-
tained and for measurement of its parameters.

EXPERIMENTAL SET-UP AND METHODS

In Fig.1 the scheme of an experimental prototype of
collective ion accelerator based on a plasma virtual
cathode for REB temporal modulation and an external
periodic magnetic field for REB spatial modulation is
shown. The accelerator consists of the following main
systems: a Marx generator (MG), a magnetically-insu-
lated diode (1), a power supply and control system of
MG's parameters, a vacuum system, a system of exter-
nal magnetic field formation (EMFF) by an air-cored
solenoid (2), MG's and EMFF's starting system with
synchronizing devices and a monitoring system of the
accelerator (ASCS is the accelerator starting and control
system).
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Fig. 1. Schematic of collective ion accelerator
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A fundamental part of the collective ion accelerator
studied is a high-current REB accelerator "Agate",
which is capable to produce an intense electron beam
with energy 280 keV and current 4.4 kA of pulse dura-
tion 0.8 ps. Such acceleration allows obtaining speed-
ups bunches with energy of protons up to 800 keV.
Therefore, it is necessary to use nuclear-physical meth-
ods for registration of the protons of such energy at a
high level of electromagnetic background noise.

The registration of protons with energy
E>160 keV was realized by means of ''B(p,0)*Be re-
action. In this case, the proton beam arrives to a B4C
target, which is capable of maintaining high thermal
loads. A solid-state detector of a-particles made of cellu-
lose nitrate in a form of truncated cone was placed at an
angle (6=135°) and a subtended angle of 2 radians.
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Fig.2. Registration unit: 1 — cellulose; 2 — solenoid;
3 — Al-Fe rings; 4 — target B.C; 5 — magnetic sensor
current

After a certain number of "shots" had been per-
formed, the cellulose was extracted from the vacuum
and underwent an etching in 10% solution of sodium
hydroxide at a temperature of 60°C during 2 minutes.
A number of registered particles was determined by
a microscope — “MBB-1".

The first resonance of the reaction ''B(p,a)*Be is real-
ized at an energy 162.8 keV with a width of 5.3 keV, the
second resonance of this reaction occurs at 675 keV with
the width of 150 keV [4].

In this connection, an a-particle energy spectrum
(and the spectrum for protons as well) can be measured
with a sufficiently large error (~30%).

For registering the accelerated protons with a spe-
cific energy a nuclear reaction “N(p,y)'*O was used.
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The first resonance of this reaction occurs at 277 keV
with the half-width of 1.6 keV, while the second reso-
nance — at 1064 keV with the width 4.8 keV. So, there
exists a resonance at 700 keV with the width of
100 keV. Note that the period of “O half-life is
2.03 min.

Therefore, an exposure time of a TiN target was usu-
ally 4...5 min. Having been irradiated, the target TiN
was placed into a low-background installation for mea-
surements of its activity. An emission was detected with
energy 511 keV and also positrons were registered with
maximum energy 1.683 MeV.

RESULTS AND DISCUSSION

There were used nuclear reactions with a-particle
yields which were registered by the solid-state detec-
tors.
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Fig.3. Diagram of the nuclear reaction: M,, E; —mass
and energy of the impinging particle; M, — the rest
mass particle; Ms, E; —mass and energy of the depart-
ing particle; My, E; —mass and energy of residual nu-
cleus

An energy of a particle M; (in our case, a-particles)
is equal to (see Fig.3):

E3l/2:Ai(A2+B)]/2, (1)
where

A=[(MIMSE)) /((Ms+Ma))]*cos(8);  (2)

B=((M4*Q)+Ei(M+-M1))/(Ms+Ma); 3)

Q is the reaction energy.

In our case, the reaction energy for ''B(p,a)'Be,
‘Be(p,0)°Li and "Fe(p,ay)'°O reaction is equal to
8.586, 2.12, and 8.114 MeV, respectively. The maxi-
mum reaction cross-section of '"B(p,a)*Be reaction is
realized for an a;—group. In this case, the reaction ener-
gy is equal to 5.686 MeV. This fact was used for energy
calculation of the a-particles recorded. For the reaction
PFe(p,ay)'®O the maximum output is also realized for
the a;—group, but the reaction energy is equal to
1.974 MeV.

This method made it possible to measure the intensi-
ty of protons with an energy up to 600 keV at a level
of 10° protons in 20 minutes of irradiation for the re-
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action ''B(p,0)*Be and 10 protons in 5 minutes of irra-
diation for the reaction “N(p,y)'’O (Fig.2). There exist
other possible reactions: a target CaF, "“Fe(p, ay)'°O
resonance at 340 keV with the width 3 keV, an isotopic
target Ti"N resonance at 429 keV with the width
0.9 keV (the limit of registration being 107 protons
in 20 minutes of irradiation). In this case, the protons
with the known resonance energy are detected.

For registration of the protons within an energy
range 200...400 keV it is possible to use a nuclear re-
action *Be(p,0)°Li [5]. The reaction cross-section for
"B(p,0)*Be reaction at 162,8 keV is 10 mbn, while that
one for the Be(p,0)’Li reaction at 350 keV is
300 mbn. This fact allows obtaining a significant im-
provement in conditions for accelerated protons detec-
tion.

Let us underline that with the use of this reaction,
acceptable conditions for spectral measurement of pro-
tons at energy of a-particle registered by a solid-state
detector are realized (Fig.4).
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Fig.4. Dependence of a-particles energy on proton
energy

The usage of the 'B(p,a)*Be reaction results in
more substantial change of a departing a-particle ener-
gy and, consequently, its path through cellulose is also
changed (Fig.5).
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Fig.5. Dependence of run a-particles in cellulose on
energy
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Therefore, the path and track diameter measure-
ments make it possible to determine a proton spec-
trum at a collective ion accelerator. For obtaining the
data about accelerated particle distribution in the col-
lective accelerator it is also possible to use films of dif-
ferent thickness for decreasing the proton energy at
the B4C target with subsequent calculation of the
spectrum of protons by a method of regularization.

CONCLUSIONS

1. The use of solid-state detectors on a basis of cellu-
lose for a-particles registration obtained in nuclear reac-
tions, which are excited by protons, makes it possible to
detect an energy and intensity of accelerated protons in
collective ion accelerator.

2. The methods for energy measurements of acceler-
ated protons in a collective ion accelerator are devel-
oped on a basis of a-particle diameter track measure-
ments with the use of resonance nuclear reactions.

3. For an increase in a "signal/noise" ratio the use of
the nuclear reaction *Be(p, a)°Li is more preferable due
to a high speed of a-particle track etching with the ener-
gyof 1...2 MeV.

4. The nuclear reaction *Be(p, a)°Li is preferable for
increasing of ratio "signal/noise".
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MCHOJIb30BAHUE SIJIEPHBIX PEAKIIUM 1151 PETUCTPAIIMA UMITYJIbCHBIX ITYUKOB 3APSI-
KEHHBIX YACTHL]

H.IIL Tuxuii, /I.B. Meoseoes, H.H. Onuuienxo, C.C. Ilywmkapes

[TpeanoxkeHo MCHONB30BaTh SIEPHO-PU3NIECKUI METOJ ONpe/IeNIeHHs] DHEPITMA U UHTEHCUBHOCTH MPOTOHHOTO
My4Ka IPH UCCIEeOBAHUH KOJUIEKTHBHOTO YCKOPEHHH HOHOB BOJHAMH IIOTHOCTH MPOCTPAHCTBEHHOTO 3apsizia, BO3-
HUKAOIMUX B MHTCHCHUBHOM PCIATUBUCTCKOM OJJICKTPOHHOM IIYYKE HPU €TI0 MOAYJIAOHWU BO BPEMCHHM U B IIPO-
cTpancTBe. [IpOTOHHBIN MyY0K MPEATIONaracTCs PETHCTPUPOBATh ¢ HCIIOIB30BAHUEM SAePHBIX peaknuii 'B(p,o)'Be,
*Be(p,0)°Li mpy HanM4MM TPOTOHHOTO ITydKa JUIS IIOTy4EHHUs anb()a-dacTHIl, KOTOPHIE MOJDKHBI (PHKCHPOBATHCS
TBEPIOTEIbHBIMH JCTEKTOPAMH.

BUKOPUCTAHHSA AJIEPHUX PEAKIIN JIJIA PEECTPAII IMITYJIbCHUX ITYUKIB
3APAUKEHUX YACTOK

M.IL. Tuxkui, 1.B. Meogeoes, I.M. Oniwenxo, C.C. ITyuikapbos

3anporoHOBaHO BUKOPHCTATH SJACPHO-(DI3MYHUIT METOJ BH3HA4YEHHs €Heprii Ta iHTEHCUBHOCTI NPOTOHHOTO
MydKka TpU TOCT/DKEHHI KOJIEKTUBHOTO IIPHUCKOPEHHS I10HIB XBWISMH TYCTHHH IIPOCTOPOBOTO 3apsmy, SKi
BUHHUKAIOTh B IHTEHCHBHOMY PEIATHBICTCHBKOMY €JIEKTPOHHOMY ITyYKY IPH HOTO MOAYJALIi B 4aci Ta y MPOCTOPI.
IIpoToHHMIT ITy9OK MPHITYCKACTHCA PEECTPYBATH 3 BUKOPHCTAHHAM suepHUX peakwiii ''B(p,0)*Be, *Be(p,a)°Li npu
HasBHOCTI MPOTOHHOTO Ty4yka Ui OTPUMAaHHS anb(a-9acToK, sKi TOBWUHHI (PiKCYyBaTHUCS TBEPAOTLIEHUMH
JETEKTOPaMH.
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