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Abstract

Energy compensation of the slow extracted beam is being strongly required to realize the scanning irradiation with
heavy ion at Gunma University. An extracted beam energy of Gunma’s facility is a little shifting during extraction
period, because RF frequency for beam acceleration is increased to excite 3™ order resonance. Amount of energy shift is
around 4 MeV/n in accelerated energy of 400 MeV/n. This energy shift makes a range error of 2 mm in water. It is large
to utilize for scanning irradiation, because small SOBP (Spread Out Bragg Peak) is required for scanning irradiation. In
order to compensate this energy shift, we contrived to use the energy absorber. This principle is to utilize the energy
loss that is occurred when the high energy particles pass in the scatter materials. Amount of the energy loss is controlled
by rotating the absorber to change absorber thickness. As the experiment results, we succeeded to obtain constant beam

energy.
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Table 1: Calculated Absorber Thickness

I 400MeV/n 290MeV/n 140MeV/n
______ T T st | end | sttt | end | st | end
 Beamenergy  '[MeVi]| 400 | 40268 | 200 ! 20202 | 140 ' 14105
Scatter thickness | [mm] | 1.155 L 2523 11ss [ 2031 | 1o1s | 1205
* Scatter rotation angle | [degree] | 3000 | 66.64 | 3000 | 6050 | 1000 | 3946
_Ene?gy;%er_scaa:ring |[_MeV/n]__ 3978 e | w2 1 e | 147 | e
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Figure 1: Optimized beta function (upper) and dispersion
function (lower) for a utilization of the energy absorber.
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Table 2: Calculated Beam Parameters at Start and End of
the Extraction Period

400MeV/n | Text.-start |ext.-end

T fic from synchrotron I [MeV/n] L 400 402.68
T aﬁer scatter [Me_V/n]_ o 39§|— o 3&
Scatter thlckness [mm] o _1_+__ 2 38
Horlzontal 10 emlttance [nmm mrad] B 0 602 0 920
Vemcal lc emittance |[nmm mrad] 0729 | 0.992
ﬁxat iso-center —l o 3 64 740
By atiso-center _| [m]_ o _|_ T3361 247
Samatisosenterl T [sh T T B0 a0
y-size at iso-center Hmm] |_ _ 31 3 |
Energy spread —I[%] 0.101—|_ 0 102
290MeV/n I |ext.-start lext.-end

T from synchrotron |[[MeV/n] 290 292.02
T afte_rscat_ter - [T/levm —l o 257 o 2_87.7
Scatter thlckness [mm] T 1 o 1. 8%
Hﬂmont_al 10 emlttance _l[nmm mrad] o 0%4__ 1 061
Vertical lo-emittance [rmm- mrad] |_ 0978 L 247
Bxat iso-center [m] 28]l 209
Byatiso-center _[m] T 300 1 236
X 51ze at 1so-center __ :t:[&] __l___ ﬂ) __ _3?
y-size at iso-center |:t:[rnm] 34 | 34
140MeV/n | |ext.-start lext.-end

T from synchrotron_ _l [MeV/n] l_ . 1491_ _141.05
Tifter scatter [MeV/n] |_ _ 1363 136 3
Scatter thlckness —I[mm] 1_]— 1 276
Honzontal 10 emlttance [7mm:1rad] o 1 ES o 1 646
Vemcal lo-emittance [nmm mrad] 2 055 2 295
_Bxago-ce_nter o |[m l 55 | 138
By at iso-center [m] ] 215 193
x:ize ago-c;ter o _|:t:[&] o _|_ - 3.0 o 3?
_y-siZ?at is:cen; o |:t:_[rnm]_ o 4_2 | - _4.2
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Table 3: Experimental Conditions

Beam energy 290MeV/n

Absorber Aluminum of 1mm thickness

Rotation angle 30-60.5 degree
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Figure 2: Bragg peak with shifting the measurement
timing. (a) is the result by ordinary beam and (b) is the
result by applying energy absorber.
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