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Proton Beam Time Structure of the HZB Cyclotron

The Facility

A Buncher 1: 60° bunch; max. voltage 1.5 kV\
¥ Buncher 2: 6° bunch, max. voltage 60 kV

2 Buncher 3: 1° bunch, max. voltage 60 kV
(voltage too low for protons)

Tandetron™:
2 MV tandem accelerator; duoplasmatron ion ESe=ss
source; used for therapy since 2011 ‘

CN: j
5.5 MV Van-de-Graaff accelerator with an ECR >
lon source; very versatile, e.g. used for pulsed
beams; accelerates C, H, O and noble gases

Transmission through the cyclotron:
2 10 % without bunchers; 50 % with buncher 1+2;
100 % with all three bunchers (only for Z=22)
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Pulser: Similar to a parallel-plate capacitor
B1: Buncher 1 Where —1 kV is applied to one plate to deflect
the beam. An external pulser applies —1 kV to
B2: Buncher 2 the second plate so that the beam can pass
through, as long as the external pulse is applied.
B3: Buncher 3 Max. repetition rate: 150 kHz; min. passage
width: 50 ns; pulse-break-ratio: 1/60 /
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Cyclotron:
Isochronous; separated sectors; proton energy

P1: Pulser

Measurement Devices

Signal Processing

The signal generated by the Coaxial Cup or
the Pick-Up is carried to the amplifiers ,IV
/2°. Each has an amplification of 30 dB and
with the attenuator (to avoid oscillations) the
overall amplification is 57 dB or 0.5-10°.

The readout of the amplified signal is done
by the oscilloscope WavePro 725Zi from
LeCroy™, which has 2.5 GHz and a max.

Pick-Up tube Pick-Up tube with shielding in sample rate of 40 GS/s. exterior view of the interior view of the Coaxial
front of the nozzle Coaxial Cup Cup
The Pick-Up is a device for contactless measurements of the The Coaxial Cup is a beam interrupting device for the
proton beam concerning time structure and intensity. It is a oo > > 00| measurement of the intensity and time structure of the
o ey st s i s L)1z CE N | [T e i pinene e s, o come
- surrounde a copper cup. But this particular cup is, In
thrOugh Signal. The tube is more sensitive to reflections as 2000 order to avoi)(; reﬂei:()jt)ionS, I:;djusted top50 @) impe%ance;
the Coaxial Cup, as it was not possible to adjust the Pick-Up from a diameter of 1.2 mm at the SMA plug up to 6 mm at
to 50 Q impedance. An additional shielding is necessary to the beam side of the copper bolt. The dielectric is acrylic
avoid stray pick-ups. The shielding tube is 12 cm long. Our signal processing set-up glass at the front and vacuum behind. In addition the whole
prototype is shown in the pictures above. cup is placed in an aluminum shielding.
Results
Quasi DC Single Bunch Single Bunch: The two graphs on the left show a Pulse Packet
bunched single proton pulse (with the same beam
— - - - T =TT 7" T ] parameters). The Coaxial Cup (CC) measured signal is -
5l ' | \ . shown on the upper graph. The lower one shows the
s = o signal measured by the Pick-Up (PU) in comparison  _ 200
| s with the quasi DC signal from the graph in the very left. £ 100
s o'ﬂ'd .M/WN W™ S 2| ' The PU signal shows very well the bunching effect :
C © o) [ ' concerning time sharpness. Further swings in the PU & ;
. . 0 |e——— JEAAN —— graph are reflections. The reflections in the CC graph 100 | T
P ———— - - A0 are lower and the amplitude is a bit higher, due to the O U L N S A S
T e S-S higher sensitivity of the CC. But it is unclear, where the P e
substructure of the quasi DC proton single proton bunch, 68 MeV, second peak comes from. However, it is excluded that
beam, 68 MeV, measured with the measured with the Coaxial Cup  this second peak shows protons. prortT? Q aZtlrSeed%?ifrl: eFE| C?(E?Ul\gev,
Pick-Up What we offer:
_ e Pulse length: single pulses, pulse packets up to
The pICture above shows .an 50 : : : — some Js or quasi DC beam The piCture above shows a pUISe
:ngﬁggﬂﬁgtjr% né:r:g}oounngﬁsg; Vc\;gg " N e e Proton currents from fA up to pA depending on the | Packet made of 18 bunched proton
_ | | o I o oulse structure pulsels.. It Is approx. QOO ns Ic_)ng
E:(;/clo![trsc’)n eI\tc cigler:]aetlaosr:”e dwwith IEZ % 0 — J/ J \ ' % » Due to the low repetition rate and pulse-break-ratio and llt'hls me_ast%"ed Wf'th thﬁ P'Ckl;
Pick-Up -nd therefore you can see Ee | /A S ARl of the pulser (150 kHz, 1/60), a new pulser is under 'nf.n 'te varr|]a 'Of”? O‘n ?ar(: pes
the typical swing-through. Due to 0 / 1 8 construction. |tte_b3|tyd tca f|, to ti g (:‘[re} o
the cyclotron frequency thé distance gt U \ -2 . rIru ) rf ntucru\? Iﬁntsi Ir:] de Ic?[n
between two nanobunches is KRR What you can do with that: tsr?eu rc;etai;itrj] ebe|t0in ’?hea (?Nsin'gstgf
approx. 50 ns. This substructure is time [ns] e Dosimetry with pulsed radiation (protons and Furthermo?e fuctuations irJ\ thé
the reason Why this beam current is Single proton bunch, 68 MeV, neu_t_rons_) _ whole bunch,ing process can cause
called quasi DC instead of just DC. measured with the Pick-Up in o \erification of dosimeters such peak variations
comparison with a quasi DC beam |e What else comes to your mind... '
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