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Injection beam line of RIKEN AVF Cyclotron| To solve the problem that transport efficiency is 23.8% in the injection line
- @\IQ’O% 1st step : try to understand beam transverse motion and examine cause of beam loss
/ - \ —>beam trajectory calculation = developing original calculation method
Hyper ECRIS AIHIO | ) measuring 4D emittance (x, X", vy, Y’ ) by pepper-pot emittance monitor
P Il ) 4D emittance = Initial value for Lunge-Kutta method
Vertical Bending Magnet (DMI23) li1) calculated 3D Magnetic Field Solenoid Coil, Quadrupole Magnet, Bending Magnet
ig;g;i“g IV ) necessary to introduce Space Charge effect

Side View | %ufdrumlﬂ Magnet 2nd st'ep | (in the future) |
Buncher  Buncher ?; eil;l;ttance monitor (EM_I36) éD.ESIgnlng beam trajectories

83%mesh _ H - 64.7% | ) constraining beam loss
- Glaser Coil 5.- - ii ) matching the beam acceptance of AVF Cyclotron

Center Region ‘AVF Cyclotron

Optimizing camera lens condition

(Dchoose 225 fiducial points at 5 mm interval in 70x70 mm?

(Qgive real positions in the beam line to fiducial points

(@measure bitmap position of the fiducial points on the digital image

@Dtransform the bitmap coordinates to the fiducial points coordinates
using the projective transform coefficient

B)difference between fiducial points and their transformed position
—>distortion.

Pepper-pot emittance monitor (PEM)
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Copper plate
Thickness 0.5 mm
Holes ¢$0.3mm
arranged 3 mm interval

The distortion result from lens condition
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GigE caméré+|ens (Tamron 13VM308AS)
lens condition : focal length 8mm object distance 250mm
measured beam -> image resolution 0.8mm/pixel SDx=0.06mm Sdy=0.07mm

intensity distribution | 2 angle resolution ~2mrad (if flight length is 55mm)
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Developing beam trajectory calculation method Two models for Space charge effect a]i :

EOM Qf Solenoid Coil —l beam intensity distribution Approximate to Measurement Multistep_e"ipse -80 -40
M d by PEM_IH10 incli i . b
d?x dy d_g easured by _IAl inclined ellipse 4O°f 23viewer N example " e 0,0

40 0 ly(mm) 20

ds? - 2945 " ds 30 2 Beam Trajectory calculation
iy | &> ooy B

C Y 24 g . » | I 2N — include space charge
dSz -4 -2 2 4 60 B :
Magnetic field calculated by FEMM : Al =

'2° 60
EOM of quadrupole _ ' « <green  green-ellipse
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d*x B 4 | x(mm) Basic-ellipse (c=1) black < element <red red—ellipse

g5z = kx W Equation of motion for space charge effect wlen) red < element <blue  blue-ellipse

d* d*x 4Ar, Single-ellipse blue < element <
X =1 ke B 3aia+ b) (x — xg) Approximate by one ellipse  Approximate by 30 ellipses
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If R=0, ;2 (Black ellipse X 6) / 30 equally Beam Trajectory calculation
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Magnetic field calculated by TOSCA 3D d“y 4Ar, " 38 - — exclude space charg
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RIFER

Center region Beam extraction

Red value is average transport efficiency . (Sep/11-Aug/13)

detector
Fluorescent plate (KBr) tilted

4+ digital camera 45 degree

Comparison between

Include and exclude Space charge effect
Measurement of EM_136
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through slit in a position is
measured by BPM. The
position of slit at 2mm interval
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Evaluation method Beam test for the evaluation The degree of fit by various exposure
. . . | E (keV Intensit A - - °
- Compare Beam Trajectory calculation with Test beam | ey} Intensyienl time and gain of digital camera
other diagnostic measurement CH | 1264 100 and 2 kinds of thickness of KBr
op o . He* 15.4 196 . ; :
Quantifying the degree of fit by x2/DOF e AL g LT Sain {d8) > Low
) ) “He** | 15.4 187 IO"gT 1/10 097 077 0.68
x2=z(cl _MI)Z /02 2H*+ 12.8 214 SCLHCRIUCEMBPINY 091 08 069 0.65 .
06=10%o0f highest value of Measurement The degree of fit by comparing with EM _136 SRR RVETY 01 063 064 0.8 1.73
normalizing areato 1 - 10 3 10 ° the degree of fit of positions< 4 thickness 34.6 um High < Gain (dB) > Low
for 9D dictributs ) ction to arbit . S 5 s the degree of fit of angles ong 15 | 13 | 11
or ISTripution, make projection to arpitrary coordainate w 6 « 6 ’ ’ ’ -1 .68 -1 38 -1.1 0.93
proj Y S S wof @, u’ of &, w of ® > 6 Exposure time s e o
g g S o wof @ U':u:?f@ w’ of@ (seC)shortJ, EY) 072 056 05 0.79
3 8 0 "o 2 4 6 8 1 - : = =l Thickness = The weight of fluorescent agent KBr(g)
Tg' " TOD' degree of fit of u degree of fit of w — g C—— e e ”30 - area(80 X 80 mm?2) X density of KBr (2.75g/cm?3)
= = The degree of fit by comparing with PF 136 Conclusion
(107.5mm behind EM 136) *The improved PEM and developed beam
X2/DOF=3.86 ' i X2/DOF=0.80 N all the degree of fit < 4.2 trajectory calculation method can be used in
->not so large as the degree of fit of angle of EM _136 practical way.

6 (possible cause)

1 the measured angle of EM 136 may be fault. They . . ]
OO | contain noise because the zero level of signal becomes |* Moreover, examine the degree of fit of various

°o 2 4 & & v | ynaven by secondary electrons made from beam. ion species, beam intensity, and energy to see

"we can start the 2nd step
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Quasi x2/DOF is named degree of fit measurement limit.



