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Abstract Conductor size and the pancakes are chosen sucya w

Vertical injection beam line requires two solenoats that the maximum temperature risaTw) of the cooling
different positions to provide focusing in both pis for Water is not more than G. The water cooling
the low energy beam produced by the ECR ion sourcgdlculations for each pancake is carried out at the
Both iron_yoked solenoid magnets are p|aced abbee taVailabIe pressure difference in the water line.
pole cap of cyclotron main magnet. The solenoids aRectangular copper conductors having dimension 6mm
designed by using POISSON computer code. The badinm with circular hole of 3 mm are used.
consideration of the design is to get desired féeagth
with the space available for these in the beam lire
available space is limited by the RF componentshef
cyclotron and also the other components of thectiga
beam line. After in house fabrication of these two
solenoids an extensive magnetic field measuremast h
been carried out with the help of a three-axis patibe
and a gauss meter. The paper presents the dedaibigh
along with the results obtained from the magneiitdf E
measurement. The charged particle beams succgssfull & ST
transported into the superconducting cyclotron ugto
these solenoids are also reported in this paper.

INTRODUCTION

In superconducting cyclotron in Kolkata, ion speci 7
0%, N, Ne™*, Ar®*, O°*, N** are successfully injected N
into the acceleration chamber of the cyclotron digiothe p B> .2 4 Cyclotron
low energy injection beam line. The schematic c th N \

vertical section of the injection beam line is sinaw Fig. ﬁ ﬁ o
1. The beam is vertically bent by the bending m's‘gn‘f'figure 1: Schematic of vertical section of the dtign

(BM41) and it is focussed by solenoid (SM51). The, line (SM: Solenoid t ST steeri t
solenoid (SM52) is used to focus the diverged beam o ine (SM: Solenoid magnet, ST. steering magne

coming out from the buncher. Without buncher igiso
used to focus the beam. The whole vertical secison
exposed in a very high fringe field due to the oymn
main magnet. Slight deflection of the ion beam weahe

| sM52

problem to inject the beam into the cyclotron madia
plane. These two solenoid magnets serve very lbégimo [
the beam injection z iron
DESIGN STUDY coll Iz 4 coi
Both the solenoids are designed considering thenbea L iron

optics requirement for maximum beam rigidity of 416
kG-m. The diameter of the magnets are fixed bybisem
pipe size. The size of the magnets is governedéoil

and the iron placed outside it. Within the limitgghace in
the beam line the coil and iron sizes are optimisedet

the desired magnetic field corresponds to the requi centre R centre R

focal length of the magnets. The field data areegated

by POISSON and the effective length, focal lengta a

calculated accordingly by using Eq. 1 and Eq. Figure 2: The field lines calculated from POISSGH).
respectively. Magnetic flux lines are shown in F. SM51b) SM52, Z is along the axis, R is along thdius.




MEASUREMENT
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The effective length and the focal length for sesoid 3 2000 POISSON
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Where, B(i,) is the magnetic field at the centre of the| __ 3000 o w2
magnet, BZi,) is the magnetic field at a distance z from| © 2500 00&
the centre along the central axis, dz is the siealyjth = 2000 1 X SMSL °
segment along the central axis of the magnet. gl z? £ 1500 o000
are the endpoint coordinates of the hall probe ghah < 1000 <><><>§xx><xx
these points are far outside the magnet in a regitwere <>1:_< 500 Q%gﬁxxx
the field is negligible. B is the beam rigidity. 0 ‘ ‘

The axial component of the magnetic field has beel
measured along the centre line of the magnet frqoirst
Z1 to Z2 through the centre of the magnet steppiveyy

5 mm. The magnetic field has been measured foentrr ~ Figure 4: The excitation curve of SM 51 and SM 52.
100A, 150A and 200A.
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Table 3: Comparison of designed and measured

RESULTSAND DISCUSSIONS parameters at maximum operating current 200A.
Effective length and focal length are calculated fo,_ . SM51 SM52
three excitations by using Eq .1 and Eg. 2 takirgdata Designed Measured Designed Measured

from POISSON and also from measurement. Th% I
comparison of the field profile is shown in FigaBd Fig. - o'd

4. In these figures filed is plotted in one side tbé I(?:r%t)h 20 20 500 500
magnet along the central axis from the magnet eentr
Table 1 shows the comparison of the different patans ~ Ler (MM) 572 565 410 405

between designed and measured value. Result st@ws ¢ mm)

1128 1123 690 683
good agreement between experiment and design. The
axial magnetic field as a function of current isveeated ~ Current 200 200 200 200
by placing the hall probe at the centre of the neagnd it )
is shown in Fig. 4. It is found from the measuretrteat ~ Bo (KG) 1.57 1.62 2.5 2.46
focal length decreases with the magnet excitatiog.l_W €0)
according to Eq. 2 for the same beam rigidity. 10 10 9 9

1800 CONCLUSIONS

POISSON The beam dynamic calculation has been carriedrout i
- - =-- Measurement the injection beam line taking the measured parersetf

the solenoids and it is good agreement with the
operational settings. Maximum beam current of 30pA,

Axial Field(G)
[{e]
8

600 - with O°* ion is achieved on the spiral inflector of the
300 4 cyclotron.
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Figure 3: The field profile along the central agfsSM51



