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By modeling the beam motion in the recirculator of the MAC multifunctional acceleration complex, the
maximum value of the injection beam emittance was found, at which it is impossible to avoid the loss of beam

intensity at the recirculator outlet.
PACS: 29.20.-c.

INTRODUCTION

The main goal of developing a conceptual design
and, subsequently, constructing a multifunctional
accelerator complex (MAC) at the NSC KIPT is to
create a material and technical base for the revival of
nuclear physics research and a foundation for training
specialists in this field in Ukraine [1]. When selecting
the main parameters of the complex, the following were
taken into account as the basis of the concept set out in
the work [2] for the development of the experimental
base of the NSC KIPT for fundamental and applied
research in the field of nuclear physics, high-energy
physics, and radiation-matter interactions, as well as the
main trends in the creation of such facilities in Europe
and worldwide [1, 3, 4].

The desire to create conditions for conducting the
widest possible range of research at a single complex
creates additional difficulties in selecting an electron
injection and acceleration system for such a facility. To
obtain quasi-continuous electron beams that meet the
modern requirements of research in high-energy
physics, nuclear physics, neutron physics, free-electron
laser physics, and their use for the implementation of
radiation technologies in industry, energy, medicine,
biology, and other fields of science and technology,
MAC proposes the use of superconducting accelerating
structures, as in the vast majority of facilities currently
designed and built [5-19].

Let us consider the requirements that must be met
for the correct selection of injector parameters to ensure
the efficient operation of the acceleration complex.

1. REQUIREMENTS FOR THE
RECIRCULATOR INJECTION CHANNEL

The main purpose of the injection channel is to
transport the electron source beam to the entrance of the
recirculator rings and to ensure the necessary phase
volume matching. From the point of view of beam
optics, it is necessary to match the Twyss parameters at
the electron source output with the Twyss parameters at
the beam injection point into the recirculator ring, the
values of which are [1, 4]:

+ amplitude functions in the horizontal and vertical

plane f, = f, = 29.337 m;
* slopes of phase ellipses — 0.683.

As follows from the available materials on electron
injectors [5-19], their main parameters are within the
following ranges:

* beam energy Eq = 4...9 MeV;

* geometric emittance &y=1...15 mm-mrad;

* energy spread 6 =5...15 keV;

* injector outlet beam diameter d =4...5 mm.

To simulate injection and evaluate the acceptance of
the recirculator [1,4], a beam with the following
parameters was selected:

* maximum beam dimensions Oy y = 2.5 mm;

« the beam is a crossover and its maximum
divergence is determined by the emittance and the
above dimensions;

* the beam duration is = 3 mm (20 ps);

* pulse spread Ap/py ==+ 0.5%;

+ all 100% of particles are located within phase
ellipses with the above dimensions.

An example of matching the parameters of the
injector and recirculator is shown in Fig. 1. Matching is
performed by two quadrupole doublets after the
accelerating module with an energy set AE = 25 MeV
and a five-lens parallel beam transfer. This structure
allows the phase volumes to be matched in all ranges of
injection beam parameter variation.
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Fig. 1. Matching the injector and recirculator Twyss
parameters

81



2. RECIRCULATOR ACCEPTANCE

The rotating magnets of the recirculator rings, which
are intended for use [1, 4], have a fairly strong six-pole
component of the magnetic field

K, =(1/Bp)d°B/ox? =-15 T/m’. As a result, the

betatron oscillations of the beam are highly nonlinear,
which is especially evident when injecting beams with
large emittances, when the beam can be lost in the rings
at the apertures of the equipment due to the degradation
of phase volumes. In addition, a fairly significant spread
of the beam in terms of energy leads to a significant
impact on the dynamics of nonlinear momentum
deviation effects. The limiting emittance of the beam, at
which there are no losses, determines the acceptor of the
installation.

To correct aberrations in the beam motion, sextupole
lenses are provided, located in a specific manner on the
recirculator rings [1, 4].

Figs. 2-5 show the phase portraits of the beams
obtained in the simulation after the third pass of the
main accelerator in both transverse planes without and
with sextupole correction for the cases of beam injection
with transverse emittances of 1 and 5 mm-mrad.
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Fig. 2. Phase portraits of the beam in the radial plane
at transverse beam emittance from the injector
&y=1°mm-mrad. Red symbols — no correction,

blue — corrected motion
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Fig. 3. Phase portraits of the beam in the vertical plane
with transverse beam emittance from the injector,
&,y=1°mm-mrad. Red symbols — no correction,
blue — corrected motion
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Fig. 4. Phase portraits of the beam in the radial plane
at the transverse beam emittance from the injector
&,=5 mm-mrad. Red symbols — no correction,

blue — corrected motion
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Fig. 5. Phase portraits of the beam in the vertical plane
at the transverse beam emittance from the injector
&,=5 mm-mrad. Red symbols — no correction,
blue — corrected motion

When injecting a beam with an emittance of
6 mm-mrad, particles begin to be lost in the beam
extraction channel with maximum energy; at an
emittance of 7°mm-mrad, particles are already lost in
the second ring of the recirculator. With some margin,
the acceptor of the recirculator is determined by the
transverse emittance e,,= 5 mm-mrad at a longitudinal
emittance ,=10-0.5 mm-%.

REFERENCES

1. TII. Tmamxux, [.C. Tyk, T.JI. Kosanenko,
C.L TIpoxopens, €.B. Pynuues, [1.YO. lllaxoB. hacamo-
¢ynxyionanvnull npuckopiosanviull  komniexc HHI]
XOTI. Xapkis: «DOII [Tanos A.M.», 2026, 124 c.

2. M.F. Shul'ga, G.D. Kovalenko, V.B. Ganenko,
L.G. Levchuk, S.H. Karpus, I.L. Semisalov. Concept of
the state targeted NSC KIPT program of experimental



base development for basic and applied research in
nuclear and high-energy physics and physics of
radiation interaction with matter. // Problems of Atomic
Science and Technology. Series “Nuclear Physics
Investigations”. 2022, Ne 3,139, p. 3-6;
https://doi.org/10.46813/2022-139-003

3. M.F. Shul'ga, G.D. Kovalenko, 1.S. Guk,
P.1. Gladkikh, F.A. Peev. Conceptual project of the NSC
KIPT nuclear physics complex for basic and applied
research in the field of nuclear physics, high energy
physics and interaction of radiation with substance //
Problems of Atomic Science and Technology. Series
“Nuclear Physics Investigations” (141). 2022, N5,
p. 55-59; https://doi.org/10.46813/2022-141-055

4, M.F. Shul'ga, G.D. Kovalenko, LS. Guk,
P.1. Gladkikh, D.Yu. Shakhov. Optimization of the
focusing lattice of the magneto-optical structure of the
multifunctional accelerator complex NSC KIPT //
Problems of Atomic Science and Technology. 2024,
Ne3(151),°p. 84-87.

5. Chase H. Boulware, Terry L. Grimm, Jerry L.
Hollister, Cody Knowles, James L. McCarter, and
Valeriia N. Starovoitova 4 K Superconducting Linacs
for Commercial Applications // North American

Particle Accelerator Conference. October 2016
Chicago, IL, USA.
6. Barbara  Ferrucci, Giuseppe  Ottaviano,

Antonietta Rizzo, Alberto Ubaldini, Future development
of global molybdenum-99 production and saving of
atmospheric radioxenon emissions by using nuclear
fusion-based approaches // Journal of Environmental
Radioactivity. December 2022, v. 255, p. 107049.

7. JM. Kramer, G. Blokesch, M. Grewe, B. Keune,
V. Kiimper, M. Pekeler, C. Piel, P.V. Stein, T.T. Trinh,
C. Quitmann. LIGHTHOUSE - A superconducting
linac for producing medical isotopes // 31st Int. Linear
Accel. Conf. LINAC2022, Liverpool, UK JACoW
Publishing, ISBN: 978-3-95450-215-8 ISSN: 2226-
0366 doi:10.18429/JACoW-LINAC2022-MOP0OJO04

8. Ozlem Karsli et al. The first electron beam of
Turkish  Accelerator and Radiation Laboratory
(TARLA): the commissioning of TARLA 20 MeV
beamline // Meas. Sci. Technol. 37 045901, 13 January
2026, DOI 10.1088/1361-6501/a62943

9. Radiation Source at the ELBE Center for High-
Power Radiation Sources;

https://www.hzdr.de/db/Cms?pNid=145

10. C. Gerth, F.E. Hannon. Injector Design for the
4GLS Energy Recovery Linac Prototype // Proceedings
of EPAC’04, Lucerne, July 2004, p. 437-439.

11. W. Poole, J.A. Clarke, and E.A. Seddon.
4GLS: An advanced multi-source low energy photon
facility for the UK M. // Proceedings of EPAC 2002,
Paris, France, p. 733-735.

12. D.J. Holder, N. Bliss, J.A. Clarke,
P.A. Mcintosh, = M.W. Poole, E.A. Seddon, and
S.L. Smith. The status of the DARESBURY energy
recovery prototype project // Proceedings of EPAC
2006, Edinburgh, Scotland MOPCHO070 187-189.

13. M. Arnold, A. Brauch, M. Dutine, J. Enders,
R. Grewe, L. Jirgensen, M. Meier, F. S. Moujani
Ghomi, N. Pietralla, F. Schliessmann, D. Schneider,
A. Smushkin. Status of the S-DALINAC with focus on
erl operation // 24.09.2024 https://conference-
indico.kek.jp/event/225/contributions/5522/attachments/
3878/5319/TUOO03.pdf

14. Florian Hug. MESA a fully instrumented ERL
project for nuclear and particle physics experiments //
ERL Workshop 2022, October 3rd 2022.

15. C.K. Monaghan. The PERLE injector. //
PERLE Collaboration Meeting 13-14 October 2025

16.  A. Neumann. SRF photo-injector and Booster
modules at bERLinPro: Assembly and commissioning
status 10/04/22 // 66th ICFA Advanced Beam Dynamics
Workshop on Energy Recovery Linacs Cornell
University, Ithaca, NY.

17. J. Scott Berg. CBETA: Achievements,
Challenges, and Plans September 24, 2024 Brookhaven
National Laboratory for the CBETA Collaboration ERL
2024,

18. Miho Shimada. Beam tuning for IR-FEL and
industrial application at the compact ERL // ERL2022
66th ICFA Advanced Beam Dynamics Workshop on
Energy Recovery Linacs October 3-6, 2022 Clark Hall
on Cornell campus.

19. F. Zhou, C. Adolphsen, D. Dowell, and
R. Xiang. Overview of CW electron guns and LCLS-II
RF gun performance // Front. Phys., 19 April 2023 Sec.
Interdisciplinary Physics, v. 11, 2023;
https://doi.org/10.3389/fphy.2023.1150809

THXKEKIIA IYYKA B BATATO®YHKIIOHAJBHUM MTPUCKOPIOBAJILHUM
KOMIIVIEKC

IL.I. I'naokux, 1.C. I'yk

3a [IOTIOMOTOI0 MOJICNIOBAHHS PyXy Iy4Ka B PEHUPKYIATOpi Oarato(yHKIIOHAIBHOTO TNPHCKOPIOBAILHOTO
kommiekcy MAC 3HaligeHO MaKCHMalbHy BEIHYHHY €MiTaHCa IHXKEKIIHHOTO Iy4yka, NMPH SAKiH HEMOXXIHBO
YHUKHYTH BTPaTH IHTEHCUBHOCTI ITy4Ka Ha BUXO/Il PELUPKYJISTOPA.
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