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_ Abstract Cavity performance

Dielectric Assist Accelerating (DAA) structures based on ultralow-loss ceramic are 1 [ T o R N A
being studied as an alternative to conventional disk-loaded copper cavities. This | O e e R N T I et i

accelerating structure consists of dielectric disks with irises arranged periodically in g /;; Tl DR T e R s

metallic structures working under the TM02- mode. Here, the numerical design §:103 | e S 105, %

of an S-band DAA structure for low beta particles, such as protons or carbon ions N / — i3 N'102

used for hadrontherapy treatments, is shown. Four dielectrics with different —— D50 |

permittivity and loss tangent are studied as well as different particle velocities 102 0:;_ Z:L'HGLO o ;‘::; o 0
depending on the energy range. Through optimization, most of the RF power is Figure 6. Regular czll performance for different particle vzlocityﬁ and materials. B

stored in the vacuum space near the beam axis, leading to a significant reduction of

power loss on the metallic walls. This allows to realize cavities with extremely high Particle velocities for hadrontherapy treatments vary between 0.37-0.6 for protons
quality factor over 100 000 and shunt impedance over 300 MQ/m at room and 0.43-0.73 for carbon ions [5].

temperature. During the numerical study, the design optimization has been

improved by adjusting some of the cell parameters in order to both increase shunt RF LOSSES
impedance and reduce the peak electric field in certain locations of the cavity,

which can lead to instabilities in its normal functioning.
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A DAA structure for low beta particles 1 R , e — Rl
at low frequency (S-band) is studied for Fe = ERS J n X H|"dS M.;:;EEE;UJU
the first time in this work, as a solution o ] = — B
for compact linear accelerators of low ) Volumletr ic dielectric losses: ; -
energy and low beam current such as P, = = weye, tan6f|E|2dT s
medical accelerators for hadrontherapy 2 Figure 7. Electromagnetic losses distribution [4].
treatments [1]. Under TMy,_, metallic losses

The DAA structures [2,3] consist of are highly suppressed. Thus, DAA

. . . . : End cell Regular cell . |
axially symmetric dielectric cylinders “ regular cell performance will be 1031
with irises, periodically arra nged in a Figure 1. Conceptual Schematic of an S-band DAA structure. |

metallic enclosure and operating in
standing wave TMgy,_,  achieving
extremely high quality factor Q, and
shunt impedance Z .

determined by tand, which

depends  strongly on the
manufacturing process of the
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MgO D9 964  6x%10°° (DLC) coatings were studied at 10 10 10 - 610 10 10
MgTiO; D16 16.66 3.43 x 105—5 CERN for Secondary Electron Yield Figure 8. 7, for different tan .
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Table 1. List of dielectrics. Figure 2. Electric and magnetic field profile for TMy,_, [4]. ) - :
surface losses will have an impact | ;
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Cavity performance is determined by a , Periodicity = L, f . 9 . , total
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combination of a4, b{,cqy and d; and L; = BAy/2. _ P, = _j|ﬁ x E|%dS | : external
Optimization process is divided into steps: | 1 5 2R . | internal
1. Iris thickness is fixed: d; = dy = 1o/ (4+/€7). Usd, Ogd';- only high resistance materials or 10°%: g y— @-C coating
2. Each set of (a4, c;) has a single value of b, for a | : very thin coatings can be used to 102 103 104 105 106 107
' | : : Rs (Q per [)
glve,n resonant freque,ncy fO- . i E SUppress multlpactor. Figure 9. Q,, for different coatings scenarios and sheet
3. Optimum (a4, by, c1) is found maximizing Q,. t |aq|by|c1 resistance.
4. A scan in iris thickness is done: d; = gain - d, 7. rel
and steps 2,3 are repeated for each value of o
. I7o ro Conclusion
gain. . .z
5. Optimum (ay, by,¢q,dg) is found maximizing  Figure 3. Regular cell geometry. DAA structures for low beta particles have been studied for the first time, proving
Zeff- the potential to improve the performance of current room-temperature copper
cavities. Efficiency increases for higher particle velocity and electrical permittivity.
H 500000 68000 2200 However, due to the high energy density inside the dielectric, cavity performance
1.0 2100 will be limited by dielectric losses, therefore reaching low dielectric loss tangent is a
0.9 #0009 66000, 20002 fundamental key in the fabrication of real ceramics.
$os 300000 o 5 | -19002 Iris thickness plays a fundamental role in cell optimization by increasing
o 1800 % accelerating voltage and reducing electric energy density inside the ceramic,
200000 . . . . . .
0.7 62000 1700 decreasing dielectric losses. As a consequence, materials with higher loss tangent
0.6 100000 1600 have thicker optimum irises than ideal geometries.
0 | | | 60000 | | | | | | | 11500 Finally, numerical simulations showed that low resistance coatings are unacceptable
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a1/Ao ris gain from an electromagnetic point of view, which imply that only high resistance
Figure 4. Optimization for {ay, ¢;) scan for a Figure 5. Optimum geometries for each value of d; for materials or very thin coatings can be used to suppress multipactor.
fixed d, for MgTiO3 and = 0.6. MgTiO3 and B = 0.6.

=

. S. Benedetti, "High-gradient and high efficiency linear accelerators for hadron therapy." Ph.D. dissertation, Ecole Polytechnique Fédérale de Laussane, 2018.

InStItUtO de FISICa CoerSCUIar (I FIC)} [46980]1 Paterna; ValenCIa; Spaln D. Satoh, M. Yoshida, and N. Hayashizak, "Dielectric assist accelerating structure." Physical Review Accelerators and Beams, vol. 19, 1, pp. 1011302, 2016.
3. Y. Wei and A. Grudiey, "Investigations into x-band dielectric assist accelerating structures for future linear accelerators.” IEEE Transactions on Nuclear

Email: pablo.martinez.reviriego@ific.uv.es e S TS et s

ACKNOWLEDGEMENT - ThIS poster presen tation hOS received Support from the 4. ANSYS HFSS software. http://www.ansoft.com/products/hf/hfss/

V. Bencini, “Design of a novel linear Accelerator for carbon ion therapy.” Ph.D. dissertation, Rome U. 2020.
European UniOn,S Horizon 2020 Research and InnOVGtiOn programme under Grant 6. A. Grudiev et al, "Amorphous and diamond-like carbon coatings for sey reduction of dielectric materials for accelerating structure applications." Tech. Rep.
Agreement No 101004730

N2

o

2022.

© POSTER TEMPLATE BY GENIGRAPHICS 800.790.4001 WWW.GENIGRAPHICS.COM


http://www.ansoft.com/products/hf/hfss/

	Untitled Section
	Slide 1


