© 1993 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of thiswork in other works must be obtained from the |IEEE.

THE OUTLOOK OF MPC-10 CYCLOTRON USE FOR THE SOLUTION
OF APPLIED PROBLEMS.

S. T. LatushKin,

L. I. Yudin,
Russian Research Centre
Moscow,

ABSTRACT.

The coapact icochronous MPC-10 cyciotrom ic now wnder
conctroction at PRC P1. It hac beem ecpecially decigued to
operate ac part of pozitron-emicsion tomography cemtre. The
nain cyclotron pavameters ave given, the opportonity to uee
it for eolving come applied problems not velated with PET ic
considered in the report.

INTRCDUCTION.

At preceat the PRC KI is being nmoumted the MWPC-10
cyclotron, decigned for negative hydeogen ionc acceleration.
The tects and adjuctment of itc varions cystems are being
carried out. Thic cyclotrom wac especially desigmed as a
part of rocitron-emiceion tomography centre. Thue the main
ceclotron paraneters were determined by the requivenente for

production of ualtrachomt-lived radiomuclides C-11, NH-13,

0-15 and F-18, in the amoumtc meacured in Curiec {Table 1).

Table 1. The main parameterc of NPC-10 cyclotrom.

Accelerated particles B-
Extracted particles B+
Bean emergy (max!) 10 NeV
Bean current fmar! 30 mkA
Operating frequency 23 Wiz
Harmonic mode |
Pole diameter 80 o
Nammetic field 151
Extraction radiuc 3 en

Nethod of extraction
Extraction efficiency
Nember of extracted beame
E~ ion source

charge g:change

L

2
PIC, internal

However, it ceemc to be erpedient to concider come other
applicatione for the accelerator of thic type, installed at
the ccientific prhyeical centre and operating at PET omly
part time, thac increacing the accelerator efficiency
factor.

The ctudy of wear and corrociom recistances for the
petallic detailes of carioucs machimes by the thin-layer
activation method ic ane of the promicing field of NPC-10
cyclotron application. The ectemse of thic method, ac kmowm,
ic ac followe. The detail region umder itc wear vesictance
ctody ic irradiated by the beam of accelerated particles
penetrating into the detail curface layer amd react with the
setal nuclei, prodecing variouc r<radioactive icotopes. Thus
for the ironmongery munder irradiation by protoms with the
energy higher tham 6 eV the most preferable reaction is
SoFelp,n)>sCo with production of *Co radicactive icotope,
which kas 3 kalf-life period of 77.3 dagc,y comveniemt for
etudying the wear recictance and 2 lot of intemsive lines of
chort-wave r<radiation. Then the operation of the mechaniem
in on-line regime ic invectigated at the test bemch or
directly during the exploitation procece. Either the
decreace in operating detail activity due to the attrition
of the surface lagver, or the increase in the activity of
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labricant, wheve the wear producte accemulate is regictered
with, ac 3 ruley Nal gamma-detectors.

The main advamtages of the tkim layer activation method
are:

1} an opporturity to invectigate the wear process dymamics
without dicacsembling the mackine;

2 an opportunity to detemmine the wear resictance of
curface having complicated geometry;

3) high cemsitivity,

4) economic efficiency: in the wear ctudies by the
thin-laver activation method, ome caz save wp to BOY of
expenses and op to 90Y of time in comparicom with other
sethods of wear studies [11.

The KPZ-10 cyclotron ic decigned for acceleration ome
type of pasticlec, therefore, irradiation mode of metal,
which the curface layer ic activized by protoms, ic
propoced. Finst of 311, it ic an iron which vemaines to be
the main material the machine detail manufactare.

The activated 1layer thickmese, which determines the
poscibility of wear ctudping by thin layer activation
sethod, depends on the proton emergy and on the angle of
bean incidence upon the detail surface. Moreover, with the
increace of the protom emergy the Co icotope vield rices
that allowe one to redore the detail irradiation time and
Mence to reduce the expemcec om activation. Howevery at the
energies exceeding 12 MeV oreactionz with prodectioms of
other icotopes has besum, which comsidesably nredoces the
sethod efficiency or even excluded the possibility of its
application. Thus, the best proton beam enmergy  for
activating steel and iron is about 12 MeV. The activated
laver thickness can be varied in 3 wide »ange (30-300mkm!
due to the choice of beam incideace angle wupomn the detail
curface. Changing the activation depth may also be effected
by varving the rroton esergy from 9 to 12 HeV.

Sgch proton beam energies will make it possible to
activate the details made of copper, titanium, chromigm and
others with the mazimal activation depth of 250-300 =km,
that turnc out to be quite sufficient for the majority of
problene in the wear ctudy in mechamical engineering.

The maximal intemcity of the beam which activates the
experimental detail, a= 3 rule;, ic detemmized by the
conditione of cooling the irradiated detail region. The
local heating in the irradiated area chould 2ot result in an
escpatial chamge in the wmechamical properties im  thic
region. The typical beam intemcity values for activation are
ot sore than 1 mkA.

Thus, the MPC-10 cyclotron completely caticfiec the
requirements for proton beam intemcity from the point of
view of itc ucage for the activation of the thim lager, hut
the maxisal beam emergy, taking imto comsideration ensmay
locses at the ootpat foil window tumac out to  be
incofficient.

The cecond promicing inplementation the MPC-18 cyclotromn
can find in the mestrom radiography method : for the
non-destroctive contrnl of various products and materials in
the atomic power productiom, i propulsiom and rocket
tochnologies, in the fields velated with the creation of new
uateriale and compositions.

The neutrom radiography techmique is bhased on  the
dependence of the  substance-uentron interaction
cross-sections on meutrom energy and on the characteristice
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of a2 cobotancp. The main pecoliarity ic the clearly
prorounced leap-character of the gemeral behaviour of the
effective croce-cections of theemal unestrons interaction
with nuclei onlike in the interactions of gqamma and Y-ray
radiation with matter. The total crocc-cectiones of come
jcotopes reach very high valees and it oftem turmc out that
the neighbouring nmuclei thave a mamy-times cmaller
crose-cection. Ae 3 reculi, ome can control the content of a
number of elemente in the products of complicated chemical
etoucture by a2 degree of wneutram fluxr attemvation. The
eccence of the neotrom radiography techmnique ic ac followe .
an object under ctody ic examined with the penetrating
collinated beam of thermal neutronc and, at the same time,
the negtron flux dictribution bevond the object it
regictered by the detector. The nuclear reactors are lalnly
used for WR ac 2 powerful cources of thermal neutrone. g
can prnvxde high flozes of thermal neutrons :  n#(
nentrons/ca®s  beyond the collimator. Acceleratore
{cyclotrone! can alco he uced for production of nentrols fnr
¥2. In thic cace the moct preferable reaction ic Ped{p,m)B’.
fis a recult of thic reaction, the neutrom vield is maximal,
and cince the neutroms of a lower emergy are Fproduced, the
procese or their further thermalization ic more effective.

The advantaqes of wcing the cyclotron ac compared to the
reactor are evideat

- neutron generatiom ctops with cwitching off  the
ceclotron beamy i.e. the neutrom cource ic controlled;

- the syetem ic compact and eazely to operate;

- there ic conciderable gain in electric power.

In particular, the NB ctudiec with baby-cyclotrons, ac
:gutrgg}suurces, have already been dome in Japan for 2 long
ine [2].

1t one turac to the WPC-10 cyclotron with the increace of
the mazinal energy of the ertracted proton beam up to 12 NeV
the neutron flus frnl the point source !Be-target! will be
equal about 2510/aputron/mkAse [23. With the increase of
the bean current op to 200 kA, the thermal neutron flu'
dencity after the collimator can be equal about {0°
neutronc/cr ¢y i.e. ic approaching in itc valoe the cimilar
valse for the veactors.

From the above-caid ome can conclude that it ic nececcany
to increacze the maximal emergy of the extracted heam up to
12 MeV in the wear ctudies and im the WP-techniguey ac well

as to imcreace the beam current up to 200 mkA (for NR! for
an effective the MPC-{P cyclotom using.

10K ENERCY INCREASINC.

The increasing of the maximal emergy of H-  ioms,

accelerated at the NRC-10 cyclotron, feom 10 to 12 MeV
requires increacing the magmetic rigidity from 0.456 to 0.5
T#a that ic erpected to be attain both due to the average
nametic field vaicing and due to extraction radiue raicing.
The nagnetic field will be increaced up to ~ 1.55 Ty ite
further increace turnc oot to be wnerpedient because of the
abrupt growth of the requived mageet main coil amperturacs
Idue to the caturation of the magmetic cirecuit irom) that
redoces the accelerator efficiency. Noreover, anm essential
increace of the magnetic field will lead to the mececsity of
the magnetic ctructure geometsy comciderable changing due to
the changing of the vadial field chape and the decreace of
the flntter, determining the vertical focuceing of ioms.

The icochronouc magnetic field profile ic being formed up
to the »adiee of sbout 30 cm.
ione at the lact sevolotions takec place in the regiom of
nagnetic field edge, in radii from 30 to 33cmy where the
etripping foil to obtain the energy of 12 HeV muct be
located. Decpite the phace chift of about 309, whickh the
p;rticles will get, they will not 1leave the accelerating
phace.

The extraction of €~
expected to he performed into the came chammels ac

ionc with the emergy of 12 NeV i
the 10
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Thue the acceleration of H7

eV particles. Thic will be attained due to cuitable
celection of the ctripping foil position by the azimmth.
Becidec, moving the stripping foil by the radius and azimuth
one can Tary the emerqy of extracted protoms from 9 to 12

The increase of the accelerating c=tructure vesomance
frequenct ap to 23.7 NNz, corvecponding to the magmetic
field will be attained due to some structural peculiarities
nf the recomance system.

The MPC-10 resomante system design provides the
poscibility of tuning its frequency from 23 to 25 MHz by
rhanging the deec different in areay the poscibility of fine
tuning the reconator frequency by changing the gap between
the dee amd the cover ic alsoc provided. Fimally, the
capacitive trimmerc - remotely driver - will 3llow ome to
adjust amd to ctabilize the resomator frequency mnder
operating conditions. A1l thic ercludes the necescity in the
iTs:rtion of 3 complicated system of novable chort-civcuited
platec.

In order to increase the recomance cyetem operation
etability, the artificial capacitive link between the
reconance limee ic provided. The commection ic cuppliec with
an additiomal capacity between the rods of recomance linmec.

The MHPC-{0 nrecomance csystem hac beex mumericalip
einulated and ctudied with a full c=cale mock-up at the
frequenciec of 23 and 25 MNHz. The meacurements have
demonstrated full agreement betweer the calcolation and
Eilula§gon- The resomator quality factor hac beem wmeasured,

~ 2250,

The industrial broadcacting tramcaitter PEN-20 providing
up to 25 kW in the operating frequemcy range ic expected to
be used for the reconator excitation. In accordance with the
talculations and meacurements, thic power ic a prioni
cufficient for providing the cyclotron operating conditions.

10N SOURCE.

An intermal radial ion source has bheen chosen for the
KPC-10 cyclatron . Initially, the iom cource, PIE type,
with celf-heated cathodes, wac manufactured and ome wac
tested at the special te=t bemch. At this iom cource wac
ohtained 3 bean B-ionc with enengy 15 ¥eV, at the current |
M, at the gac flow 2,5 ca3/min (B = 046 7). Unfortmatels,
the dicigmed ion cource had two main drawbacks: 2} hand
discharge igmition amd frequemt breakdowns along the
ineulator curfacec in the process of ignition;y b choet life
tine of a cathode under operating comditions, moreover, for
application of the MPL-12 im the method of neutron
radiography, one chould incpeace iom current, extracted from
the cource, without increacing (hetter weducing)y, the gac
admicsion to the source. In comnection with the abave-caid,
uwe have ctarted the imvectigation of am iom cpurce with
directiv-heated cathode (3). In order to increace the
tathode and the reflector life-time they have been wmade of
low-sputtered, electrically-condacting ceramics (initially,
the the cathodec were made of tantalum! This allowed uvs to
increase a2 few-times life-time of the iom cource anmd
provided the reliable operation of the insulator. Horeover,
the E7-ion beam current wac increased up to 1,3 afl, at gas
flow 0 = 8 ca®/min, that was related with a flIEP discharge
adjuctment to the optimal operating mode. The imsertion of
solvbdenun non-cooled comvertor in the extraction slit <zome
allowed to increase the iom beam turrent up to 2 s in
constant arc vegime (Ul 230V, L= 3,5 A B= 0,85 Ty
at the emergy 14 keV and 4 - 8 cu5 n1n- The dependences of
B~ ion yield on the gac fiow to the ion source and om the
extraction voltage umder operating conditions are given ia
Fig.! and Fig.2. At present, some studies are dome in order
to find oot the mechanica of the comverter effect upom the
ion vield from the counce. It ceeme to be importamt to
determnine whether the B™-ionc are mainly prodeced upom the
converter curface or in the volume discharge zome, meanwhile
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the couverter aecicte in their deift to the extraction clit.
1¢ the accemptior that main roll in this process ic plaved
the volumetric ion production and the drift of charged
particles ave corroborated, thic will allow us to iscrease
ion current ( up to 4-6 mA ) or without reduction im the
beam current, to reduce the gaceous loading om the cyclotron
and to imcreace ion source life-time by the geometry
optimization of the converter, and a discharge chamber with
extraction slit.
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