SIMULATION OF BEAM EXTRACTION
FROM TR24 CYCLOTRON AT IPHC
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INTRODUCTION CLOSED AND EXTRACTION ORBITS o
The CYRCé¢ (CYclotron pour la ReCherche et| In contrast to [3], closed orbits exist for the entire range of i_mg 30002
’Enseignement) TR24 cyclotron is used at IPHC (Institut | output energies without any correction of the average magnetic oal T e
Pluridisciplinaire Hubert Curien) for the production Of radio_ field. -0.8 -0.7 -0.6 -0.5 -O.4X-,0C.r3n -02 -01 0 0.1 0.2 -0.8 -0.7 -0.6 -05 -04 X_,C():r:r)’l -02 -01 0 0.1 0.2
isotopes for diagnostics, medical treatments and fundamental | The closed and extraction orbits for extraction energy Wex | [Figure 8:Plane (x,y). Accelerated Figure 9: Plane (x,x’). Accelerated
research in radiobiology. The TR24 cyclo-tron produced and | range (Table 1) are shown in Fig. 3. beiﬂo_mﬁ’ Stripping Toil.— fight. 2eam — Tefl, Spping Tor' - Aght.
commercialized by ACSI delivers a 16-25 MeV proton beam 60 .
with intensity from few nA up to 500 pA. The TR24 is a 10 SO N
compact isochronous cyclotron with normal-conducting - , A A A A A AN 010_2 T T
magnet and stripper foil for the beam extraction. The layout of 5 20 | 34 | o
TR-24 cvelotron is shown in Fia.1 > 9 _ Figure 10: Plane (X,Ap/p). Accelerated Figure 11: Plane (y,y’). Accelerated
y g.L. B beam — black dots, foil- red dots. beam — black dots, foil- red dots.
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The study of beam extraction - ION DISTRIBUTION AT OBJECT POINT
from TR24 [1] cyclotron Is o ‘ ‘ ‘ ‘ ‘ ‘ The betatron functions B, and dispersion function DH along
mandatory for the design of the A0 A A 0 9 the extraction orbit from the stripping foil to object point of the
future beam lines and the = _ — . beamline are shown in Fig.12.
cee Igure 3: Closed and extraction orbits _ _ _
specification of the for extraction energy range 18 MeV< Wex< 24 MeV. The changing of the rms beam emittance along the extraction
performances in regard of the The main parameters of the closed orbits for various values of orbit at 24 MeV'is shown in Fig.13. Due to the influence of the
different  applications.  The X momentum spread, the horizontal rms emittance changes in the

the extraction energy Wex at extraction point are shown In

simulation of the ion trajectories presence of a non-zero bending magnetic field of the cyclotron.

= T~ for different azimuthal positions | 7195-4-2; e . g
Figure 1: Layout of TR-24cyclotron of the stripper the influence of 1 25 _ S 120 — 30 §>.2°° 60 50.8/ ******** —
energy dispersion taking into account the 3D cyclotron fringe 1 H 100 - 5102 o v
field and field of the combo magnet will help us to define the ; 075 £ 00 H 50 © 0 o' o S e w0 100 e T o wmm o @ s w0
reference orbit, the best beam extraction and the optimal o Qv o ——— 7 T Figure 12: The betatron B, and dispersion|  [Figure 13: The horizontal (H) and vertical (V)
Settings of the optical elements 05 =—o—u—-o—oau . 60 — BH B O D,, functions along the extraction orbit rms beam emittance along the extraction orbit
MAIN PARAMETERS OF PROBLEM 0.25 — 40 1120 thThls |onl_d|str|but':ons In \I/:a_lrlolljlsl%lanes at the object point of
_ _ _ _ _ 18 20 22 24 1 2 29 24 € Deamliine are snown in ri1g.14-10o.
H- 1on beam Is produced in the CUSP ion source [2] with Wey, MeV 8 We())(, MeV
kinetic energy of 30 keV. The beam emittance is strongly o . — . .l 0.006 0.002—
_ igure 4: Frequencies Q. Figure 5: Horizontal (H) and vertical (V) 0.2, - B 2
dependent on _beam current_. For H_— lon beam currents equal to B-functions. Dispersion function D, 3 -0 - 0
:?.hrgpr\n;?ﬁ Iglrt;ﬂe?:;mof ;rr\]lettzi\rnlgg 4ISC egllé?:otr? :nOd “H_mi';‘rf r;g:% Periodic solutions for betatron functions B, and dispersion 027 | -0.006 — - -0.002 — %
are in d'cats din Table 1 y function Dy, can be obtained by using the calculated values and O i 0 0 04 08 0 08 03 0 03
Inai | ' its derivative with respect to length along the orbit as initial _ x,cm _ X, cm _ Y, G
Table1:Main parameters of DC140 cyclotron conditions. These solutions for the closed orbit corresponding to | [F19ure 14: Plane (xy) Figure 15: Plane (xx)| | Figure 16: Plane (yy)
the extraction energy Wex =24 MeV are shown in Fig. 6. TRANSPORT IN BEAMLINE
Center magnetic field, T 1.56 120 - - 60 120 1 Lgy - 148 The initial part of experimental beamline [4] is shown in
RF frequency, MHz 85.085 \B\/\ = T : . : : .
quency, - = - : S 100 - .2 o | F1g.17. The betatron functions B, and dispersion function D
Harmonic number 4 S DH S 2 L O 147 & . HV T H
Dee voliage. KV =0 S 80 — — ' 50 + & 80 T .| | along the beamline from the object point to DIAG2 are shown
Number gf dee > a By, - 8 3 60 Ry | 8 | | in Fig.18 (quads are switched off).
. n . ~—— — ] ] 615
Maximum extraction radius, cm 51 40 ——— A0 40 T | 1145 o, R
Charge 1 0 20 40 60 80 18 20 22 24 e, &
Mass number 1 Length along orbit, cm Wex, MeV “ K Dirm D‘ier o
Maximum current. mA 5 Figure 6: Periodic solutions for By Figure 7: Extraction radius Rex, angle | II I:|||| |!||| j:’
Injection energy ’kev 30 and D,. Wex=24 Mev. ¢, and orbit length Lex. o o ., . s
Extraction energy, MeV 18-24 The extraction orbit b_egins at the p_oint with the _coordinates (Rex; Figure 17: E:xperimental bleam Iine.[4]. DIF;l — combo magnlet; QA QB
Injected Beam emittance, # mmxmrad 50 Po,) Of the closed orbit corresponding to extraction energy Wex. _ quadrupole lenses: DIAG1,2 — diaphragms, CF — Faraday’s cap
The angle ¢, and the length of the extraction orbit Lex have to be o W T o=
CYCLOTRON MAGNETIC FIELD fitted to provide the coincidence of the radial and angular position LI | o
The maln magnet Of TR24 Compact Cyclotron IS Intended to Of the flnal p0|nt |n fOCUSlng plane Wlth the pOSItIOn Of the ObJeCt ) 0 —_— go 5 83 Rl 77
produce the isochronous magnetic field with the level of 1.36T | Point of the beam line. The dependencies of extraction radius Rex, LR T P P e
at the cyclotron center. Magnet has 170 x 170 x 110 cm closed angle o, and orbit length Lex on energy Wex are shown in Fig. 7. Figure 18: The betatron B, and Fi_gure 19: The horizont_al (H) and
yoke with pole diameter of 120 cm. Four azimuthally profiled STRIPPING FOIL POSITIONING &'Z@f.rﬁigﬂtzHbifﬁff.'ﬁgita'zin&te@ Ve””ﬁ:ﬁgggiﬁ:ﬁ{;‘lebr:;trﬁ‘l?r‘:s along
sectors provide the isochronous acceleration and focusing of | The angular position of the stripping foil coincides with | |
_ - - _ _ N _ The changing of the rms beam emittance along the
the H beam up to the extraction radius of about 51cm. extraction angle ¢,. Its radial position depends on extraction s J

experimental beamline Is shown In Fig.19. The horizontal rms
emittance changes In the presence of a non-zero bending
magnetic field of the combo magnet.

The 1on distribution In the plane(x,y) at the DIAGZ2 Is presented
In F1g.20. The horizontal 1on density at the same point Is given
In Fig.21. The horizontal ion density has a multi-peak form as it
ION DISTRIBUTION AT STRIPPING FOIL was observed In [4]. This Is explained by presence In the

For analysis of the extraction efficiency and beam |energy Wex, extraction radius R,, and the energy gain per turn
characteristics along the extraction trajectory a 3D computer | AW For TR24 cyclotron the value AW is equal to 0.2 MeV. The

model Qf the cyclotron magnet was created. Magnetic field | energy gain AW leads to the increasing of the extraction radius
calculations were performed with TOSCA OPERA 3D. The | by amount AR=2 mm. With this definitions the inner bound of

calculated average magnetic field and flutter distributions | the stripping foil is defined as R=R,-AR/2.
along cyclotron radius are presented in Fig. 1.

R o The ion distribution at the stripping foil is dependent on the | €Xtracted beam of three groups of the ions with energies of Wex

I == [P horizontal dimension of the beam. The value of the horizontal |~ AW, Wex and Wex + AW. _

// | dimension a;=5 mm is approximately constant in the extraction 02 e o 3 :32
— | energy range. The number of turn N, that is needed for 100% | 'z %% i & | BS

ol | beam extraction is equal to ratio | a/AR |=3. The number Ng=| |> 22 S 810

1 / \ B N, -1 defines the value of the shift from initial radius Ri and PR LR Zg A e

7 e 77 7 | [Figure2: The distribution of| [energy Wi of the beam to the extraction ones Rex and Wex: 4 2 o 2 4 48210123

Figurel: Isochronous (red line) and simulated ;?:Idlnir:]ermzzr:joila;)u:ﬁ;nrgagp etthlg Rex:Ri_+I\I_8hAI_{; WeXZW!"'NshAW- o _ — Figure 21: The horizor;tal ion density
(green line) average magnetic field. eyclotron. The distribution of the ions accumulated at stripping foil was Figure 20: Plane (x,y) at DIAG?

found by macro particle simulation. The coordinates of each
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