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Abstract 

Recently the first section of a standalone superconduct-

ing continuous wave heavy ion linac HELIAC (HElm-

holtz LInear ACcelerator) as a demonstration of the capa-

bility of 217 MHz multi gap Crossbar H-mode structures 

has been commissioned and extensively tested with beam 

at GSI. The demonstrator set up reached acceleration of 

heavy ions up to the design beam energy and beyond. The 

required acceleration gain of 0.5 MeV/u was achieved 

with heavy ion beams even above the design mass to 

charge ratio at maximum available beam intensity and full 

beam transmission. This contribution presents further 

development and optimization of the HELIAC machine at 

HIM/GSI. 

INTRODUCTION 

During the last decades the Mendeleyev periodic table 

of elements was significantly extended up to the nuclei 

Oganessyan (Og) with the charge number Z = 118 and the 

mass number A = 294. Fusion-evaporation reactions of 

the accelerated medium and heavy ions with the heavy-

element targets are recently the most successful methods 

for the laboratory synthesis of Super Heavy Elements 

(SHE) [1]. Due to the very low crossections of such reac-

tions, the events are extremely rare, what requires weeks 

of beamtime. Obviously, an increased projectile intensity, 

in the best case in continuous wave (CW) mode, should 

improve the SHE yield [2,3]. 

For this purpose heavy ion superconducting (SC) CW 

HELIAC is developed at GSI Helmholtzzentrum für 

Schwerionenforschung (GSI, Darmstadt, Germany) and 

Helmholtz Institut Mainz (HIM, Mainz, Germany) [4-6] 

under key support of Goethe-University Frankfurt (IAP, 

Frankfurt-am-Main, Germany) [7,8] and in collaboration 

with Moscow Engineering Physics Institute (MEPhI, 

Moscow, Russia) and Institute for Theoretical and Ex-

perimental Physics (ITEP, Moscow, Russia) [9,10]. 

The Superconducting RF technology, being one of the 

main features of the HELIAC project, allows for the ex-

tremely high accelerating gradient of about 7 MV/m. 

Therefore it provides for the compact and efficient ma-

chine (Fig.1), which is foreseen to be integrated into GSI 

accelerator complex. 

Due to its advanced characteristics, the HELIAC stays 

well in line with other modern CW and SC linac projects 

at the leading accelerator centers [11]. The design, con-

struction and operation of CW proton and ion linacs are 

crucial goal of accelerator development worldwide. A 

large scale facility [12-14], such as accelerator driven 

system or spallation neutron source, implements a high 

energy CW linac as an essential part. A medium energy 

SC CW linac could be used for a number of applications 

[15], as high productivity isotope generation, material 

science and boron-neutron capture therapy [16-18]. 

Therefore further elaboration of superconducting technol-

ogy [19] and development of SC CW linacs is of high 

relevance for the accelerator community. 

From other side, the HELIAC, being an unique ma-

chine, certainly takes its place among a number of mod-

ern accelerator activities at GSI, namely the high current 

heavy ion UNILAC (UNIversal Linear ACcelerator) [20-

23], recently upgraded for FAIR (Facility for Antiproton 

and Ion Research at Darmstadt) [24,25], the proton linac 

for FAIR [26,27] and proton beams from the UNILAC 

[28,29], the heavy ion linear decelerator HITRAP (Heavy 

Ion TRAP) [30,31] and the advanced project LIGHT 

(Laser Ion Generation, Handling and Transport) for laser 

acceleration of protons and heavy ions [32,33]. 

 

Figure 1: Conceptual layout of the heavy ion SC CW HELIAC with warm injector. 

* s.yaramyshev@gsi.de 

26th Russian Particle Accelerator Conference RUPAC2018, Protvino, Russia JACoW
ISBN: 978-3-95450-197-7 doi:10.18429/JACoW-RUPAC2018-WEPSB13

Heavy ion accelerators
WEPSB13

311

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.



SC CW DEMONSTRATOR AT GSI  

The existing GSI High Charge State Injector (HLI) rou-

tinely delivers heavy ion beams to the UNILAC [34]. A 

dedicated transport line transfers beams from the HLI exit 

to the SC CW Demonstrator cave (Fig. 2).  

 

Figure 2: SC CW Demonstrator environment at GSI. 

In July 2017 the SC CW Demonstrator, consisting of 

the 15-gap CH-cavity and two SC solenoids (Fig.3), has 

been successfully commissioned [4].  

 

Figure 3: Demonstrator CH-cavity (CH0) with two SC 

solenoids inside the support frame. 

The expected acceleration of heavy ions has been 

achieved (and even exceeded) with high beam intensity 

and full beam transmission (Fig.4). 

 

Figure 4: 2D-scan of Ar6+-beam energy versus accelerat-

ing gradient and RF-phase (A/Z=6.7). 

Besides beam energy measurements the bunch shape 

(Fig.5) was measured with Feschenko monitor [35]. An 

impressive small minimum bunch length is detected, 

sufficient for further matching to and acceleration in the 

next RF-cavities. 

 

Figure 5: Measured bunch shape of fully matched Ar6+-

beam at the energy of 1.85 MeV/u. 

With Ar6+ beam (A/Z=6.7), an energy gain above 0.5  
MeV/u could be reached with an accelerating gradient of 

6 MV/m. Therefore the successful RF- and beam testing 

with the 15-gap CH0 showed experimentally, that higher 

accelerating gradients can be achieved. 

The construction of the CH1 and CH2 217 MHz CH-

cavities started in December 2016. The CH1 was finished 

in March 2018, the CH2 in September 2018. Both cavities 

have identical geometry with the same constant beta pro-

file and are designed to increase the mechanical stiffness 

and reduce the pressure sensitivity. The conservative 

design gradient is about 5 MV/m, which has to be 

achieved by eight accelerating cells [36]. 

The first test with low level RF power of CH1 at 4.2K 

at IAP has shown a very promising gradient of 9 MV/m. 

The first cryogenic test with CH2 is foreseen recently, as 

well as a possible test at 2K with both cavities. Addition-

ally it is planned to perform an improved preparation of 

the cavities surface at the Helmholtz-Institut Mainz, after 

the construction of the clean room is finished.  

SC CW HELIAC RECENT DESIGN  

Recent HELIAC design (Fig. 1), revised from the 

original one [37], foresees twelve superconducting Cross-

bar H-cavities (CH), operated at 217 MHz and grouped in 

four modules (Fig.1). Each cryomodule equipped with 

three CH structures, two solenoids and a Spoke-type 

buncher for the longitudinal beam matching. The beam 

dynamics concept considers transverse beam focusing by 

superconducting solenoids with the magnetic field up to 

9.5 T. The linac should provide for acceleration of ions 

with an energy of 1.4 MeV/u and mass to charge ratio up 

to A/Z=6 to output beam energies, smoothly varied be-

tween 3.5 MeV/u and 7.3 MeV/u [38]. 

In this context, a revision of the beam dynamics layout 

was recommended. Optimized cavity layouts resulted in 

modified voltage distributions; the cryomodule layout and 

intertank sections were specified in more details. The 

higher accelerating gradients lead to a more efficient 

design approach. Consequently, extensive beam dynamics 

studies are recently under consideration to optimize the 

layout with respect to the beam parameters (Fig. 6), as 

well as RF and mechanical characteristics. 
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Figure 6: Input (left) and output (right) phase space dis-

tributions (applying max. accelerating gradient of 7.1 

MeV/u): X-X' (top), φ-ΔW (bottom).  

Applying the advanced beam dynamics layout for 

lower mass to charge ratios, significantly higher beam 

energies could be achieved (e.g. up to 14.6 MeV for a 

proton beam) [6,8]. The potential acceleration of heavy 

ions (A/Z up to 8.5) has been already confirmed by the 

simulations with dedicated software [39,40]. 

NEW HIM CLEANROOM 

In order to treat and prepare HELIAC RF cavities, a 

new cleanroom facility has been built at the Helmholtz-

Institut in Mainz. All tools and machines inside the clean-

room can handle cavities with up to 750 mm in diameter 

and with up to 1300 mm in length. In its ISO-class 6 and 

4 zones, respectively it features a large ultrasonic and 

conductance rinsing bath, a High Pressure Rinse (HPR) 

cabinet (Fig.7) and a vacuum oven. For RF testing a con-

crete shielded area with sufficient liquid helium supply is 

located next to the cleanroom and the cryomodule assem-

bly area [41]. 

 

Figure 7: High pressure rinse cabinet: view from ISO-6 

access side for loading. 

CONCLUSION 

The new heavy ion SC CW HELIAC, conducted by 

HIM at GSI in collaboration with IAP, is fully in line with 

modern high efficiency CW linac projects, which are 

under development at different leading accelerator centers 

worldwide. In July 2017 the first superconducting 15-gap 

CH cavity, designed on the base of EQUUS beam dynam-

ics [37], has been successfully commissioned at GSI with 

heavy ion beams. 

Recent experience has been gained in design, fabrica-

tion and operation of SC CH-cavities and the associated 

components. A revision of the HELIAC layout with an 

increased accelerating gradient of the cavities has been 

specified with more details. This new design could pro-

vide beam acceleration for a wide range of different ions 

(protons to uranium) above the design beam energy, fea-

turing the ambitious SHE program at GSI. 

REFERENCES 

[1] Yu. Ts. Oganessian et al., "Synthesis of the isotopes of 

elements 118 and 116 in the 249Cf and 245Cm +48 Ca fu-

sion reactions", Phy. Rev. C., V. 74, N. 4, p. 044602, 2006. 

[2] M. Block et al., "Direct mass measurements above uranium 

bridge the gap to the island of stability", Nature, vol. 463, 

pp. 785–788, 2010. 

[3] J. Khuyagbaatar et al,. "48Ca + 249Bk Fusion Reaction 

Leading to Element Z=117: Long-Lived α-Decaying 

270Db and Discovery of 266Lr", Phys. Rev. Lett. 112, 

172501, 2014. 

[4] W. Barth et al., "First heavy ion beam tests with a super-

conducting multigap CH cavity", Phys. Rev. Accel. Beams, 

21 020102, 2018.  

 DOI:10.1103/PhysRevAccelBeams.21.020102 

[5] W. Barth et al., "Superconducting CH-Cavity Heavy Ion 

Beam Testing at GSI", J. Phys.: Conf. Ser. 2018 (in press) 

[6] S. Yaramyshev et al., "Advanced Approach for Beam 

Matching along the Multi-Cavity SC CW Linac at GSI", J. 

Phys.: Conf. Ser. 2018 (in press) 

[7] H. Podlech et al., "Superconducting CH structure", Phys. 

Rev. ST Accel. Beams, vol. 10, 080101, 2007. 

[8] M. Schwarz et al., "Beam Dynamics Simulations for the 

New Superconducting CW Heavy Ion LINAC at GSI", J. 

Phys.: Conf. Ser. 2018 (in press) 

[9] M. Gusarova et al., "Design of the two-gap superconduct-

ing re-buncher", J. Phys.: Conf. Ser. 2018 (in press) 

[10] K. Taletskiy et. al., "Comparative study of low beta multi- 

gap superconducting bunchers", J. Phys.: Conf. Ser. 2018 

(in press) 

[11] C. Prior, "Overview of high intensity accelerator projects", 

in Proceedings of the 46th ICFA Workshop HB'10, Mo-

schach, Switzerland, 2010, pp. 6–10. 

[12] S.M. Polozov, A.D. Fertman, "High-energy proton beam 

accelerators for subcritical nuclear reactors", At. Energ., 

113, Issue 3, pp. 192–200, 2013  

 DOI:10.1007/s10512-012-9616-4 

[13] N. Solyak et al., "The concept design of the CW linac of 

the Project X", in Proc. IPAC'10, Kyoto, Japan, 2010, p. 

654. 

[14] A. E. Aksent'ev et al., "Modeling of proton beam dynamics 

in accelerator-driver at 600–1000 MeV and investigation of 

electrodynamic characteristics of accelerating cavities", At. 

Energ. 117, 347, 2015.  

 DOI: 10.1007/s10512-015-9932-6 

26th Russian Particle Accelerator Conference RUPAC2018, Protvino, Russia JACoW
ISBN: 978-3-95450-197-7 doi:10.18429/JACoW-RUPAC2018-WEPSB13

Heavy ion accelerators
WEPSB13

313

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.



[15] P. N. Ostroumov, "Advances in CW ion linacs", in Pro-

ceedings of IPAC’15 Conference, Richmond, VA, USA, 

2015, pp. 4085–4090. 

[16] Zhi-Jun Wang et al., "Beam commissioning for a super-

conducting proton linac", Physical Review Accelerators 

and Beams 19, 120101 1-8, 2016. 

[17] L.V. Grigorenko et al., "Scientific problems of perspective 

accelerator-accumulative complex DERICA for research of 

radioactive isotopes", Adv. Phys. Sc., (in press) 

[18] I. Mardor et al., "The Soreq Applied Research Accelerator 

Facility (SARAF): Overview, research programs and future 

plans", Europ. Phys. J. A, Vol 54, Iss. 5, Art. 91, 2018. 

 DOI: 10.1140/epja/i2018-12526-2 

[19] R. Laxdal, "Recent progress in the superconducting RF 

Program at TRIUMF/ISAC", Physica (Amsterdam) 441C, 

13, 2006. 

[20] W. Barth et al., "U28+ intensity record applying a H2 gas 

stripper cell", Phys. Rev. ST AB 18, 040101, 2015.  

 DOI:10.1103/PhysRevSTAB.18.040101 

[21] A. Adonin et al.,, "Beam brilliance investigation of high 

current ion beams at GSI heavy ion accelerator facility", 

Rev. Sci. Instrum. 85, 02A727, 2014. 

 DOI:10.1063/1.4833931 

[22] L. Groening et al., "Benchmarking of measurement and 

simulation of transverse rms-emittance growth", Phys. Rev. 

ST Accel. Beams 11, 094201, 2008. 

 DOI:10.1103/PhysRevSTAB.11.094201 

[23] S. Yaramyshev et al., "Virtual charge state separator as an 

advanced tool coupling measurements and simulations", 

Phys. Rev. ST Accel. Beams 18, 050103, 2015. 

 DOI:10.1103/PhysRevSTAB.18.050103 

[24] W. Barth et al., "Upgrade program of the high current 

heavy ion UNILAC as injector for FAIR", Nucl. Instrum. 

Methods Phys. Res., Sect. A 577, 211, 2007.  

 DOI:10.1016/j.nima.2007.02.054 

[25] W. Barth et al., "High brilliance uranium beams for the GSI 

FAIR", Phys. Rev. ST Accel. Beams, 20 050101, 2017. 

 DOI:10.1103/PhysRevAccelBeams.20.050101 

[26] U. Ratzinger et al., "The 70 MeV p-injector design for 

FAIR", AIP Conf. Proc., Vol. 773, pp 249-253, 2005. 

[27] C. M. Kleffner et.al., "Status of the FAIR pLinac", in Proc. 

IPAC'17, Copenhagen, Denmark, 2017, pp. 2208-2210. 

[28] W. Barth et al., "Heavy ion linac as a high current proton 

beam injector", Phys. Rev. ST AB 18, 050102, 2015.  

 DOI:10.1103/PhysRevSTAB.18.050102 

[29] A. Adonin et al., "Production of high current proton beams 

using complex H-rich molecules at GSI", Rev. Sci. In-

strum. 87, 02B709, 2016.  

 DOI: 10.1063/1.4934620  

[30] F. Herfurth et al., "HITRAP - Heavy, highly charged Ions 

at Rest: Status and experimental Opportunities", J. Phys.: 

Conf. Ser. Vol. 388, Art. 142009, 2012.  

 DOI:10.1088/1742-6596/388/14/142009 

[31] F. Herfurth et al., "The HITRAP facility for slow highly 

charged ions", Physica Scripta 2015(T166), 014065, 2015. 

DOI:10.1088/0031-8949/2015/T166/014065  

[32] I. Hofmann et al., "Collection and focusing of laser accel-

erated ion beams for therapy applications" Phys. Rev. ST 

Accel. Beams Vol. 14, Iss. 3, 031304, 2011. 

  DOI:10.1103/PhysRevSTAB.14.031304 

[33] S. Busold et al., "Shaping laser accelerated ions for future 

applications - The LIGHT collaboration", Nucl. Instrum. 

Methods Phys. Res., Vol. 740 pp. 94-98, 2014.  

 DOI: 10.1016/j.nima.2013.10.025  

[34] P. Gerhard et al., "Commissioning of a new cw radio fre-

quency quadrupole at GSI", in Proc. IPAC'10, Kyoto, Ja-

pan, 2010, pp. 741–743. 

[35] T. Sieber, et al., "Bunch Shape Measurements at the GSI 

cw-Linac Prototype", Proc. of IPAC'18, Vancouver, Can-

ada, 2018. 

[36] M. Basten et al., "Final factory-side measurements of the 

next sc CH-cavities for the HELIAC-Project", in Proc. 

IPAC’18, Vancouver, Canada, 2018, pp. 943-945. 

[37] S. Minaev et al., "Superconducting energy variable heavy 

ion linac with constant β multicell cavities of CH-type", 

Phys. Rev. ST Accel. Beams 12, 120101, 2009.  

 DOI: 10.1103/PhysRevSTAB.12.120101 

[38] W. Barth et al., "A superconducting CW-LINAC for heavy 

ion acceleration at GSI", EPJ Web Conf. 138, 01026, 2017. 

DOI: 10.1051/epjconf/201713801026 

[39] R. Tiede et al., “LORASR Code Development”, Proc. 10th 

Europ. Particle Accelerator Conf. (EPAC’06), Edinburgh, 

Scotland, 2006, paper WEPCH118, pp. 2194–2196. 

[40] S. Yaramyshev et al., "Development of the versatile multi-

particle code DYNAMION", Nucl. Instrum. Methods Phys. 

Res., Sect. A 558, 90, 2006. 

 DOI:10.1016/j.nima.2005.11.018 

[41] T. Kuerzeder et. al., "Infrastructure for Superconducting 

CH-Cavity Preparation at HIM", Proc. of IPAC18, Van-

couver, Canada, 2018. 

 

 

26th Russian Particle Accelerator Conference RUPAC2018, Protvino, Russia JACoW
ISBN: 978-3-95450-197-7 doi:10.18429/JACoW-RUPAC2018-WEPSB13

WEPSB13
314

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

18
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

Heavy ion accelerators


