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The re sults of beam pro file mea sure ments of the pro ton beam of the ACCEL K250
super con duct ing cy clo tron at the Paul Scherrer In sti tute are pre sented in this pa per.
Beam emittances in both hor i zon tal and ver ti cal planes are es ti mated by the varying
quadrupole method.
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IN TRO DUC TION

ACCEL In stru ments GmbH has de liv ered a
super con duct ing cy clo tron de signed for treat ing
can cer with pro tons. The ACCEL K250 super con -
duct ing cy clo tron [1, 2] is based on a con cep tual de -
sign of the Na tional Super con duct ing Cy clo tron
Lab o ra tory. As an es sen tial part of Paul Scherrer In -
sti tute’s pro ject (PROSCAN), it is meant to sub sti -
tute an ex ist ing ma chine and fa cil i tate fur ther de vel -
op ments in the field of can cer treat ment.

Ef fi cient op er a tion of com plex ac cel er a tors
de pends on the mea sure ments of rel e vant beam pa -
ram e ters such as: beam pro file (the in ten sity of the
dis tri bu tion over both trans verse co or di nates),
beam cur rent, beam po si tion, beam en ergy, en ergy
spread and beam emittances (in transversal and lon -
gi tu di nal phase space).

As the above men tioned list sug gests, beam
pro file and beam emit tance are the prin ci pal pa ram -
e ters which have to be mea sured.

Since beam emit tance is a mea sure of both the
beam size and of beam di ver gence, its value can not

be mea sured di rectly. But, if beam size is mea sured at
dif fer ent lo ca tions or un der dif fer ent fo cus ing con di -
tions, so that dif fer ent parts of the phase space el lipse
are probed by the beam size mon i tor, it is pos si ble to
de ter mine its value. There are dif fer ent meth ods
avail able when emit tance mea sure ments are con -
cerned. In this case, we will be fo cus ing our at ten tion
on the varying quadrupole setting method, i. e. emit -
tance mea sure ments that can be per formed by de ter -
min ing pro file vari a tions in the con sid ered plane, vs.
set tings of a pre ced ing op ti cal el e ment [3].

There are sev eral pos si ble meth ods of mea sur -
ing beam pro file. The most fre quently used ones in -
volve pro file grids (harps) and the ion iza tion of re -
sid ual gas.

A harp in ter cepts barely 5%  of the beam’s par -
ti cles, yet many ex per i ments are ex tremely sen si tive
to these small dis tor tions. A non-in ter cep tive beam
pro file mon i tor has also been de vel oped. Its char ac -
ter is tics have been stud ied pre vi ously [4, 5].

In our ex per i ment, we have used a re sid ual
beam pro file mon i tor (RG-BPM) for the mea sure -
ment of beam pro file.

The RG-BPM uses ions that are cre ated by
beam par ti cles tra vers ing the re sid ual gas in beam
tubes. The said ions are ex tracted from the beam tube 
with a ho mo ge neous elec tric field and drifted to -
wards a pair of mi cro chan nel plates (MCP’s) act ing
as a charge mul ti plier. The elec trons gen er ated in the
MCP’s are col lected on strips par al lel to the beam, so
that a po si tion sen si tive read out is ob tained in a di -
rec tion per pen dic u lar to the beam. By vary ing the
am pli fi ca tion of the MCP’s, sig nal mag ni tude can be
changed, so that a large dy namic range is achieved.
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It can be shown that MCP’s should op er ate with 
an am pli fi ca tion  larger  than 4 ×104 for a 200 MeV
pro ton beam of 1 nA tra vers ing a re sid ual gas of
10–7-10–6 mbar (1 bar = 105 Pa) [4]. The pro duced
ions (about 135 s–1 cm–1) will then give a fi nal sig nal
cur rent of at least 1 pA. Since the am pli fi ca tion fac tor
of MCP’s can be set from 1 to 106, this cur rent can be
mea sured quite eas ily.

The beam pro file mon i tor us ing the ion iza -
tion of the re sid ual gas is suit able for all beams, es pe -
cially those of low in ten si ties. The ad van tage of such 
a non-in ter cep tive beam pro file mea sure ment is
that the amount of neu tron and gamma ra di a tion
cre ated dur ing the mea sure ments is min i mized.
This may be very im por tant for some nu clear ex per -
i ments.

The ac cu racy of beam po si tion ing with the
RG-BPM is ap prox i mately 0.3 mm [4].

RE SULTS

The pro ton beam cur rent ex tracted by the
K250 cy clo tron is around 200 nA, but the de sign
value amounts to 500 nA. To im prove the trans mis -
sion of the beam dur ing its ac cel er a tion (through
the cy clo tron), beam emit tance should be known.
The beam pro file is mea sured in both hor i zon tal
and ver ti cal planes by us ing the RG-BPM, one for
each plane. For each of them, the beam pro file is
mea sured as a func tion of the strength of an up -
stream mag netic quadrupole. The RG-BPM for
hor i zon tal/ver ti cal beam pro file mea sure ments are
lo cated 20/30 cm down stream from the mag netic
quadrupole.

The ki netic en ergy (Tk) of the pro ton beam to -
tals 250 MeV, the length of the mag netic
quadrupole 20 cm, and its half ap er ture 5 cm.

Data from the RG-BPM are ac quired, dig i -
tized and pro cessed by the Con trol Sys tem. The
beam pro file for each of the set tings of the cor re -
spond ing quadrupole is mea sured ei ther in the
hor i zon tal or ver ti cal plane. Then each beam
pro file is fit ted as the Gauss dis tri bu tion [3]. The
es ti mated val ues for the emittances and their cor -
re spond ing er rors are: ex = 7 ± 1 p mm mrad, and 
ey = 9 ± 1 p mm mrad.

We have con sid ered the case when the half
beam pro file equals 2.35 sST, where sST is the stan -
dard de vi a tion of the Gauss dis tri bu tion.

In fig. 1 and 2, the de pend ence of the pro ton
beam pro file in hor i zon tal (fig. 1) and ver ti cal (fig.
2) planes on quadropole strength is shown.

CON CLU SION

The de sign val ues for beam emittances in both 
hor i zon tal and ver ti cal planes are 3 p mm mrad.
Thus, fur ther stud ies fo cused on the op ti mi za tion
of the ma chine’s pa ram e ters (po si tion and size of
the first slit, the bal ance of dee volt ages [2], po si tion
of ex tracted el e ments) should be aimed at the im -
prove ment of the trans mis sion of the beam through
the ma chine.
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Fig ure 1. Square of the hor i zon tal beam size vs.
strength of the quadrupole 20 cm up stream from the
mea sure ment point. The points are ex per i men tal data
and the dashed line is the best fit cur va ture

Fig ure 2. Square of the ver ti cal beam size vs. strength
of the quadrupole 30 cm up stream from the mea sure -
ment point. The points are ex per i men tal data and the
dashed line is the best fit cur va ture
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MEREWE  EMITANSE  PROTONSKOG  SNOPA
IZ  ACCEL  K250  SUPERPROVODNOG MEDICINSKOG  CIKLOTRONA 

U  PAUL  [ERER  INSTITUTU  U  [VAJCARSKOJ 

U ovom radu prikazani su rezultati merewa profila protonskog snopa iz ACCEL-ovog
K250 superprovodnog ciklotrona u Paul [erer institutu. Emitanse snopa u obe ravni,
horizontalnoj i vertikalnoj procewene su metodom promene struje kvadrupola.
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