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Selec7on of machine layouts and la@ces
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12 straight 350 mm 
effective magnetic length 
CCT magnets (30 deg. bend)

ISRS ring design. Different candidates

Magnet models (based on the software Rat GUI) revealed that the effective CCT magnetic length must be higher than 500 mm to 
safety operate the magnet in terms of thermo-mechanical parameters obtaining the required dipolar and quadrupolar strengths

4 curved CCT magnets (90 deg. bend)

10 straight 580 mm 
effecAve magneAc  length 
CCT magnets (36 deg. bend)



Latest ISRS layout 
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Based on 580 mm effective magnetic length CCT magnets

MAGDEM
(See progress report of WP2)



ISRS optics layout 
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Isochronous configura@on
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T1.3. Study of beam dynamics (percentage completed 60%) 

T1.3.1. Design specifications  
We have updated the optics design of the ISRS ring with respect to previous designs [12]. The new ISRS 
version is based on CCT superconducting multifunction magnets of 580 mm effective magnetic length with 
both nested dipole and quadrupole functions. Each magnet provides 36 degree bending angle. The dipole can 
sustain a maximum magnetic field of 2.35 T and a maximum quadrupolar gradient of 10 T/m. Figure 6 shows 
a schematic of the new ISRS baseline design. 

 
Figure 6. (a) CCT-type MAGDEM solenoid model. (b) Mechanical assemble of a MAGDEM unit. (c) Schematic 

floorplan of the new version of the ISRS ring. 

 
T1.3.2. Selection of machine layouts and lattices 
The design and optimisation of the ISRS ring optics have been performed using specialized accelerator design 
software: MADX and BMAD. The ISRS optics has be matched to operate as an isochronous mass spectrometer 
(Figure 7). The corresponding magnet strengths for this isochronous configuration are shown in Table 1. 
 

CCT magnet Dipole B [T] Quad. gradient [T/m] 
D 2.12 -2.007 
F1 2.12 2.270 
F2 2.12 3.692 

Table 1. Magnet strength of the dipolar and quadrupolar components of the CCT magnets for the isochronous solution 
in Figure 7. 

 

 
Figure 7. Left: Layout of the ISRS ring using the code BMAD. Right: Betatron functions (beta_x,y) and first order 

dispersion (eta_x) for an isochronous operation mode. 

Max. Dx = 2.1 m

Momentum acceptance 4.8 %

Matched for a reference ion 234Ra at 10 MeV kinetic energy

<latexit sha1_base64="U/tM7j6M0zXxS40b5QJBa1dnGek="></latexit>

Rigidity B⇢ = 2 T ·m



ISRS optics characterisation
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Isochronous configura@on
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Isochronous Ring

N     chrom�ptc.a.N       chrom�ptc.b.N
  0     4.0566516E-02     2.7277215E-01  ! 0th order are the tunes
  1     4.4216604E-01     6.9163760E-02
  2    -4.6474076E+00     1.3590225E+00

  N   slip�factor�ptc.N   momentum�compaction�ptc.N
  1      -3.2160870E-05     9.7924425E-01
  2       1.2855548E-02    -1.7617132E-02
  3       2.2919006E+00     2.2953951E+00

Momentum Compaction      0.979244

Slip factor     0.0000321828

Gamma at transition 1.01054

 (Qx,Qy)(1 turn) 1.040567 ,1.272772

Chrom_x ,Chrom_y ( dQ/dE/E) -3.848913, -0.699243

  3

Isochronous Ring

solution in 
Figure 3.

CCT 
magnet

Dipole 
B [T]

Quad. gradient [T/m]

D 2.12 -2.007

F1 2.12 2.2732

F2 2.12 3.6922

Tune diagram

Next step: characterisa7on of nonlinear op7cs, 
including  higher order terms and correc7ons (T1.7): 
see talk by T. Kurtukian-Nieto

Beam



Tracking simulations
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Isochronous configuration

Isotopes separation by ToF after 10 turns (2670 ns)

Gaussian distribuAon
5 isotopes of radium: 232-236Ra
5000 macroparAcles per isotope 
234Ra in reference orbit
KineAc energy = 10 MeV/u
Transverse emiNance (x,y) = 5 mm-mrad
RMS longitudinal size 𝛔z = 0.01 m
RMS Momentum spread               = 0.01%<latexit sha1_base64="KAGqXcAhVamHNPiWRPJ0CwAS9aY=">AAACKHicbVDLSgNBEJyNrxhfqzl6GQyCp7grQT0G9eAxgnlAEsLspJMMmd1ZZnqFsORbvKpf401y9UPEyeNgEgsaiqpuqK4glsKg502czMbm1vZOdje3t39weOQen9SMSjSHKldS6UbADEgRQRUFSmjEGlgYSKgHw/upX38BbYSKnnEUQztk/Uj0BGdopY6bbxnRD1knbT2AREbjy3jccQte0ZuBrhN/QQpkgUrH/Wl1FU9CiJBLZkzT92Jsp0yj4BLGuVZiIGZ8yPrQtDRiIZh2Ogs/pudW6dKe0nYipDP170XKQmNGYWA3Q4YDs+pNxX+9qYJKSbMUIDU24QC6K6mwd9tORRQnCBGfh+olkqKi09ZoV2jgKEeWMK6F/YvyAdOMo+02ZwvzV+tZJ7Wron9dLD2VCuW7RXVZckrOyAXxyQ0pk0dSIVXCyYi8kjfy7nw4n86XM5mvZpzFTZ4swfn+Bdxfp2A=</latexit>��p/p

Input par7cle distribu7on:



Tracking simula9ons
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Towards more realistic simulations

Considering the 3D magnetic field map of the CCT element. Generated using the software Rat GUI
Example provided by Nikkie Deelen (Little Beast engineering) and Glyn Kirby (CERN)

We are able to import this 3D magnetic field map into different accelerator codes: BMAD, RF-Track and COSY Infinity. 

Multipolar optimisation for 36-degree curve trajectory

Ongoing study: benchmarking between the usual transfer matrix approximation and a more realistic 3D field map. 
Somehow this is also relevant for T1.7 (High order corrections to beam dynamics)

TECHNICAL REPORT, 29-2-2024, MAGDEM - ISRS 6

resulting field integral that can be achieved when operating
the magnet at 70 % on the load-line. If the operating current
of the dipole is increased from 91.5673 A to 111 A and the
operating current of the quadrupole from 112.841 A to 117 A
the required integrated harmonics are reached. However, the
magnet is then operated at 79 % of the load-line, resulting in
lower thermal margins, which increases the risk of quenching
this magnet. Once the magnet is build and they are tested,
it can be considered to try and train the magnets up to
80 % on the load-line to achieve these integrated dipole and
quadrupole fields.

Since these demonstrator magnets serve as prototypes for a
ring of ten magnets, each MAGDEM should deflect the beam
by 36� at nominal operating current in case they are placed
on a circle. For that case, it was determined that the beam
should enter the magnet at a position where the distance
between the beam and the vacuum tube remains consistent
when it enters the coil, reaches the apex of the curve, and
exits the tube, as illustrated in fig. 5. The trajectory of the
particle beam depicted in the figure was computed based
on the dipole field generated by MAGDEM, at it results in a
bending radius of 36�. It is possible to correct the harmonics
along this particle trajectory as well, as explained in the
following paragraphs.

Fig. 5: A particle beam entering and exiting the beam at
a 36� angle. The beam is positioned in the magnet such
that the distance between the beam and the vacuum tube is
the same when it enters the coil, at the apex of the curved
particle track, and where it exits the tube.

In stead of calculating the harmonics on a straight line,
the curved particle is taken and the circle to calculate the
harmonics on are drawn along this path, as shown in fig. 6.
To compensate for the curved trajectory, where particles on
the inside of the curve experience the field for a shorter
distance than particle on the outside of the curved track,
the radial field at each position on the reference circle is
multiplied by the length between the two neighboring circles
on that same position.

The results of this harmonics correction are shown in
fig. 7. The field profiles of each of the harmonics is also
shown in fig. 8. The amplitudes of each harmonic’s correction

Fig. 6: The circles along the particle track on which the
harmonics are calculated.

are summarized in table II. After the curved harmonics
correction, the resulting integrated dipole field of MAGDEM
was 0.751 T m, and the resulting integrated quadrupole field
was 0.246 T m.

Fig. 7: The different harmonics of MAGDEM. All harmomics
are below 1 unit except for the main dipole (B1) and the
main quadrupole (B2).

Fig. 8: The field of each of the field components along the
particle beam, which was used as the path along which the
harmonics were corrected.

IV. MAGDEM DESIGN

The CCT designed for MAGDEM is shown in three
dimensions in fig. 9. The CCT’s layers will be manufactured
from cylindrical aluminum formers, each with a 2 mm taper



Tracking simula9ons
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Towards more realis@c simula@ons

Tracking model starting from the Scattering Experiments Chamber (SEC)
Monte Carlo simulations of the beam-target interaction using the GEANT4. 
The primary objective is to generate realistic beam and reaction product distributions for injection into the ring

232Ra beam impinging a C2D4 target. 10k event. 

Transverse phase space of the beam 
and its reaction products at the exit of the target.



Injection/Extraction system
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Abstract

PROGRESS ON BEAM DYNAMICS STUDIES FOR ISRS
Fazel Taft1, Rafael Berjillos2, Yanis Fontenla1, Carlos García-Ramos2, Jorge Giner Navarro1, 

Domingo Gómez2, Glyn Kirby3, Teresa Kurtukian-Nieto4, Ismael Martel2, Javier Resta-López1, V. Rodin3, Sergio Sánchez4

In order to accommodate an innovative spectrometer within a limited experimental hall space (5x5 meters) for HIE-ISOLDE, a new lattice configuration for the ISRS
ring is proposed. This lattice consists of ten combined-function canted cosine-theta (CCT) superconducting magnets, while different approaches are being considered
for the injection and extraction subsystems. The challenging integration of these magnets into the lattice considers realistic dimensions, including the cryomodules
that house the strongly curved magnets, based on the recent design of a demonstrator (MAGDEM), which is planned for future fabrication. For the commissioning
phase, the separation power of the spectrometer for various isotope ions has been studied in a linear spectrometer configuration.

New ring baseline design
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In one straight section between both branches, a space is left to integrate magnetic
kicker for injection/extraction. The limited space requires the use of two CCT magnets to
minimize the kick angle as much as possible with the action of the quadrupoles. The
challenge lies on integrating the septum between two magnets.

Isotopes separation by ToF after 10 turns:

MAGDEM commissioning in ion test bench

HIE-ISOLDE beam line XT03
MAGDEM

Focal 
plane

Quad doublet
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MAGDEM

The previous ring design offered a rectangular
configuration using four 90-degree combined-function
CCT dipoles with an alternating gradient scheme. The
construction of these magnets remains a challenge in
the current state of the art, and efforts are underway to
build a demonstrator, MAGDEM, with a smaller
curvature. Technical specifications:

Bending angle 36 deg
Max B field at centre 2.35 T
Max gradient at centre 10 T/m
Effective length 580 mm
Aperture 200 mm
External dimensions
(including cryostat)

900 mm diameter
720 mm length

Isochronous ring optics
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] 232Ra53+ 233Ra53+ 234Ra53+ 235Ra53+ 236Ra53+

16.15 ns 16.49 ns 16.83 ns 17.71ns

232Ra53+ 233Ra53+ 234Ra53+ 235Ra53+ 236Ra53+

Time [ns]

12.45 ns 12.96 ns 13.36 ns 13.53ns

Isochronous mode
(momentum acceptance 4.8 %)

Quasi-isochronous mode 
(momentum acceptance 6.7 %)

Injection and Extraction subsystems

SuShi septum
Bending angle 45 deg

Effective length 400 mm
Magnetic field 3.8 T

Magnetic kicker
Kick angle 50 mrad

Length 600 mm
Magnetic field 0.16 T
Integrated field 0.1 T·m

Pulse rise/fall time 300 ns

Input beam characterization
MonteCarlo simulations with a GEANT4 model of the
nuclear reactions at the target allows for realistic
start-to-end tracking simulations in the ISRS full
system.

Extraction
SuShi magnet

Injection
SuShi magnet

kicker
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Simulations on Li isotopes separation power in a linear spectrometer configuration.

7Li2+
8Li2+

9Li2+
10Li2+

11Li2+

FWHM

Δx

Figure of merit of mass
discrimination quality: 

FoM = Δ&
FWHM! + FWHM"

> 0.7

Phase-space distribution 
of reaction products

The limited space requires the use of two CCT magnets to
minimize the kick angle as much as possible with the ac7on
of the quadrupoles.

The challenge lies on integra7ng the septum between two magnets.



Summary
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Since the last meeting in June 2024, significant progress has been made on WP1: 60% completed

§ T1.3. Study of beam dynamics: characterisation of the ISRS linear optics, tracking simulations in isochronous 
operation mode

§ T1.4. Selection of configurations: converging to a final and optimal ISRS design

§ T1.5. Study of Injection/Extraction: preliminary design based on SuShi type septum and magnetic kicker.
Simulations in progress. Monte Carlo simulations of the beam-target interaction

§ T1.6. Beam diagnostics: task delayed. Action required

§ T1.7. High order corrections to beam dynamics: We are able to import realistic 3D magnetic field maps of CCT 
magnets into different accelerator design codes. Next step: nonlinear optics characterisation
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