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Talking points

e Overview of the superconducting cyclotron and RF system

* Main reasons to operate the superconducting cyclotron upgrade

* Upgrade as opportunity to refurbish/redesign/change obsolete parts
 RF main modifications according to the cyclotron upgrade

* Conclusions
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INFN
moemerzeres |0 the initial configuration, the cyclotron was a booster of the 16 MV

Tandem. The injection was radial and the Tandem and Cyclotron operated
together as a coupled accelerator system.
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The introduction of the axial injection and the redesign of
the central region means the cyclotron has been a stand-
alone accelerator since 2000. The two accelerators, Tandem

and Cyclotron, have been operating independently for the

last 19 years HW
|

Axial beam line
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o ot i s i a continuous working in progress...resumed in 3 parts
if The K-800 superconducting cyclotron has been subjected to continuous upgrades and
modifications since 1994, a continuous working in progress has been involved the
radiofrequency system too: the RF couplers have been redesigned, the new dees have been
changed from aluminium to copper, as has the new central region from radial to axial injection of

the beam, the hybrid configuration solid state - tube of the power amplifiers, the digital LLRF, etc.

We are used to change, evolving the systems... ~L_
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Coupling Capacitor after 1995

 simple mechanics
- also applicable for tuning control

- high voltage
* insulator
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Something to strongly avoid

Old, burned and new coupler

avoid ceramic insulator
parallel to magnetic field

Ceramic feed-through

New Coupler disassembled
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INFN cyclotron beams up to now
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INFN cyclotron beams up to now
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So, why an upgrade of the cyclotron in terms of increasing output

power of 10-100 times, up to 10 kW?

Because the strong interest, in terms of demand, for high intensive beams is

This ambitious technique needs beams of 12C4* 18Q6* 20Ne4* mainly,

1 SUCALICh LIS AUREEAUERE | yith 2 maximum beam current intensity of 104 pps, which means

requested this kind of beam. The a cyclotron beam power between 1 and 10 kW. This is more or

project, called NUMEN (NUclear

less 10-100 times the present maximum beam power of 100 W
Matrix Elements for Neutrinoless

double beta decay), proposes an 2 Another facility, strongly interested in high intensive beams, using the
innovative technique to measure the inflight technique to produce RIBs is FRIBs@LNS (in Flight Radioactive
nuclear matrix that is of relevant lon BeamS at LNS), already installed at LNS, allows one to carry out
interest for the double B decay nuclear physics experiments investigating the properties of short-lived
without neutrino emission [2]. nuclear species [3].
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INFN The main difference between the present configuration of the cyclotron and the

future upgraded one, is the introduction of a second extraction technique by

stripping. In this way the extraction efficiency (>99%) is enough to achieve the high
intensity req uests.

ML)

G. Gallo et al., “Mechanical
modifications of the median
plane for the superconducting
cyclotron upgrade”, in Proc. 22th
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Beam extraction by stripping: Efficiency >99%

Extraction by stripping is based on the
instantaneous change of the magnetic rigidity
of the accelerated ion, when its charge state is

suddenly increased crossing a thin carbon foil

| ton | Eneryy | Bsowrce | lacc | lextr | letr |  Petr
epA epA pps

MeV/u epA watt

12€ q=5+ 30 200 30 (4+) 45 (6+) 4.7¢10%3 2700
12C q=4+ 45 400 60 (4+) 90 (6+) 9.410%3 8100
12C q=4+ 60 400 60 (4+) 90 (6+) 9.410%3 10800
180 q=6+ 20 400 60 (6+) 80 (8+) 6.2¢10%3 3600
180 q=6+ 29 400 60 (6+) 80 (8+) 6.2¢10%3 5220
180 q=6+ 45 400 60 (6+) 80 (8+) 6.2°10%3 8100
180 q=6+ 60 400 60 (6+) 80 (8+) 6.210%3 10800
180 q=7+ 70 200 30 (7+) 34.3 (8+) 2.7°10% 5400
0Ne q=7+ 28 400 60 (7+) 85.7 (10+) 5.3¢10%3 4800
ONe q=7+ 70 400 60 (7+) 85.7 (10+) 5.3¢10%3 10280
40Ar =14+ 60 400 60 (14+) 77.1 (18+) 2.7+108 10280

Courtesy by G. Cosentino, D. Rifuggiato
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A detailed beam dynamic study has optimized the extraction trajectory of the stripped beams with the extraction trajectory
by E.D. This perfect overlap trajectory allows for the interchanging of the two systems in the present ED position [4]. To

reduce the interchanging phases, two sessions have been scheduled during the year: one for high intensive beams and the

other for the beam extracted by E.D. [5]

N
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Two different operation mode: stripper and ED
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The most important reasons for changing something in the RF system are
mostly related to the power and size of the stripped beam during the
acceleration phase, inside the median plane and subsequently in the

extraction channel.

§ §

related to the new geometry of the median plane related to the final dissipated power.

Electronic modifications (LLRF-HLRF)
A. Caruso@CYC2019 CAPE TOWN



The most important reasons for changing something in the RF system are
mostly related to the power and size of the stripped beam during the
acceleration phase, inside the median plane and subsequently in the

extraction channel.

related to the new geometry of the median plane related to the final dissipated power.

These two reasons can also be seen as two
opportunities to improve and refurbish the
RF system in terms of mechanics, vacuum
quality improvement, with new liner design
and high/low level electronic

Mechanic modifications Electronic modifications (LLRFHLRF)
A. Caruso@CYC2019 CAPE TOWN



The present vertical distance between the upper and lower dees and inside the liner is 24 mm, not enough for all the future
beams extracted with the stripper technique. An extra space of £ 3 mm in the vertical gap should be enough to allow for the

acceleration of the high intensive beams and to also minimize the beam loss inside the acceleration chamber.
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INFN Toincrease the distance between the acceleration electrodes, from 24

Istituto Nazionale di Fisic

to 30 mm, a reduction of the upper and lower conical connection length

between the dees and the inner coaxial of £3 mm has to be made.
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The high voltage ceramic insulator
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IN FN ~ For this reason, a detailed 3D numerical simulation of the modified RF cavity, using 3D commercial

electromagnetic simulators, CST Microwave Studio [7] and COMSOL multiphysics [8] comparing them

to significant experimental results, through network analyser measurements, has been done

gap=0 mm gap=6 mm
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Another important modification, to increase the vertical gap in the acceleration chamber, is related
to the liner. The modification of the present one is not possible and a new LINER has been
redesigned. We are confident, using modern construction techniques, of reducing the present 14 mm
thickness of 3 mm and of greatly minimizing the welding points too, in order to prevent leaks in the

acceleration vacuum chamber

The current vacuum LINER level of 1 mbar
with a pumping system of 300 m3/h is
nowhere near the value of 10-* mbar with a
pumping system of 30 m3/h, of only 4-5
years ago.




The table below, from RF point of view, means a new optimization of the amplifier
parameter to increase the power up to 40-50 kW. Some preliminary tests are in
progress and we are confident to adopt soon the proper modifications to increase

the final power.

_ AMeV emA pps watt
e 18 22.9 30 90 (6+) 9.410%3 3240
e 30 27.5 42 90 (6+) 9.410%3 5400
- uew 45 33.74 63 90 (6+) 9.4¢1013 8100
e 60 38.34 82 90 (6+) 9.41013 10800
]

D L 20 22.9 30 80 (8+) 6.201013 3600
' L 29 27.5 42 80 (8*) 6.20101 5220
' L 45 33.74 63 80 (8") 6.201013 8100
- sos 60 38.34 82 80 (8*) 6.201013 10800
- mwom 70 41.1 81 34.3 (8+) 270108 5400
]

o New 15 20.1 37 223 (10+4) 1.4010% 6690
. T 28 27.5 40 85.7 (10%) 5301013 4800
- WNe 60 38.34 78 85.7 (10%) 5.3¢1013 10280
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An important refurbishment of the main power amplifiers has been completed recently. The insertion of a
solid state amplifier (SSA) has substituted the obsolete first stage of the full tube RF power amplifier. All the
3 power amplifiers of the RF system are equipped with this solid state driver configuration plus a matching

box to adapt the standard 50 Q output of the 15t SSA stage with the final stage of the tube amplifier

Istituto Nazionale di Fisica Nucleare

A. Caruso@CYC2019 CAPE TOWN
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An automatic matching box, to
adapt the impedance between
the 1%t and 2" stage of the
amplifier is ready on the test
bench.



The LLRF is following the same refurbishment and upgrade trend [11]. The migration
from the platform Visual Basic to LabView is on the way, the complete substitution of
old and obsolete part of the hardware is in progress, a new automatic tool of phase and

amplitude adjustment in order to maximize the output beams is under developing
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CONCLUSIONS

The developing of the RF system related to the cyclotron upgrade is
already planned and most of the points are on the way. Since the
expected time to dismount and to assemble the cyclotron is about 18

months, we expect the restart the RF system and the cyclotron in two

years.
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