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T1.3.2. Selection of machine layouts and lattices
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4 curved CCT magnets (90 deg. bend)
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12 straight 350 mm length CCT magnets (30 deg. bend)

Different options and previous designs

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
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T1.3.2. Selection of machine layouts and lattices

Latest design based on 580 mm effective magnetic length CCT magnets

Layout considering the real size of the ensembled element

3660 mm

(units in mm)
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T1.3.2. Selection of machine layouts and lattices

Latest design based on 580 mm effective magnetic length CCT magnets

3660 mm

Optical layout using the code BMAD

Magnet Dipole By   [T] Q  grad. [T/m]

F1 2.12 2.59

D1 2.12 -2.59

F2 2.12 5.19

Magnet strength

Bending angle = 36o
<latexit sha1_base64="XI7UmVx4ZVOxlAx4XWF5P/ayKyM=">AAACOXicbZBNSwMxEIazftb6terRS7AKnspGtOpBKHrxWMHWQreUbJq2wWSzJLNCWfwD/hqv6i/x6E28ehezbQ9aHRh4eWYG3nmjRAoLQfDqzczOzS8sFpaKyyura+v+xmbD6tQwXmdaatOMqOVSxLwOAiRvJoZTFUl+E91e5PObO26s0PE1DBPeVrQfi55gFBzq+LthnypFO4DPSJmckuAEh2FxDHMUkODooOOXgnIwKvxXkIkooUnVOv5X2NUsVTwGJqm1LRIk0M6oAcEkvy+GqeUJZbe0z1tOxlRx285G39zjPUe6uKeN6xjwiP68yKiydqgit6koDOz0LIf/znICWkv7y0BmncMB7065gt5JOxNxkgKP2dhUL5UYNM5jxF1hOAM5dIIyI9xfmA2ooQxc2EUXGJmO569oHJRJpVy5OixVzyfRFdA22kH7iKBjVEWXqIbqiKEH9Iie0LP34r15797HeHXGm9xsoV/lfX4DVx2quQ==</latexit>

�t = 1.19108

� = 1.01052

<latexit sha1_base64="T1hMEeA+ngAZOLiUJ2WZf26fEHU=">AAACKXicbVDLSgNBEJz1GeMrPm5eBoPgKeyKqEfRi0cFYwQTwuykkwzOY53pFeKSf/Gqfo039ep/iJNkDyaxYKC6qhtqKk6kcBiGn8HM7Nz8wmJhqbi8srq2XtrYvHEmtRyq3Ehjb2PmQAoNVRQo4TaxwFQsoRbfnw/82iNYJ4y+xl4CDcU6WrQFZ+ilZmm73mFKsSbSuoYHmk+lclgJh6DTJMpJmeS4bJZ+6i3DUwUauWTO3UVhgo2MWRRcQr9YTx0kjN+zDtx5qpkC18iG6ft0zyst2jbWP410qP69yJhyrqdiv6kYdt2kNxD/9QYKGiPdWIDM+YRdaE2kwvZJIxM6SRE0H4Vqp5KioYPaaEtY4Ch7njBuhf8X5V1mGUdfbtEXFk3WM01uDirRUeXo6rB8epZXVyA7ZJfsk4gck1NyQS5JlXDyRJ7JC3kN3oL34CP4Gq3OBPnNFhlD8P0LZSynpA==</latexit>

�t 6= � This particular solution isn’t isochronous, but not far!
Beampipe aperture 0.2 m; Dx max=2 m à momentum acceptance = 5%
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T1.3.3. Ring simulations

Previous studies considering the configuration based on curved CCTs with 
quadrupole triplet

Initial longitudinal phase space

1 turn (254.4 ns)

10 turns (2544 ns)

15 ns

1.5 ns

6 ns

High momentum mode Isochronous mode

Proc. IPAC2023, TUPA050

<latexit sha1_base64="6BKzPxIVrrKlVGk31xFeF4bi4AI=">AAACLnicbVDLSgNBEJz1bXxFPYmXwSDES9gViR5FLx4jmChkQ+idTJLBmZ1lplcMS/BrvKpfI3gQr36FOJvkoNGChqKqG6orSqSw6Ptv3szs3PzC4tJyYWV1bX2juLnVsDo1jNeZltrcRGC5FDGvo0DJbxLDQUWSX0e357l/fceNFTq+wkHCWwp6segKBuikdnGnHPZAKWgjDSFJjL6nY+GgXSz5FX8E+pcEE1IiE9Taxa+wo1mqeIxMgrXNwE+wlYFBwSQfFsLU8gTYLfR409EYFLetbPTCkO47pUO72riJkY7UnxcZKGsHKnKbCrBvp71c/NfLFdRa2l8BMusS9nlnKhV2T1qZiJMUeczGobqppKhp3h3tCMMZyoEjwIxwf1HWBwMMXcMFV1gwXc9f0jisBNVK9fKodHo2qW6J7JI9UiYBOSan5ILUSJ0w8kAeyRN59l68V+/d+xivzniTm23yC97nNw/nqX0=</latexit>
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T1.3.3. Ring simulations

Tracking simulations for configuration of 10 short (580 mm) CCT magnets

Injecaon, 0 turns

Gaussian distribution
5 isotopes of radium: 232-236Ra
5000 macroparticles per isotope 
234Ra in reference orbit
Kinetic energy = 10 MeV/u
Transverse emittance (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

Longitudinal phase space

x-px phase space

y-py phase space
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T1.3.3. Ring simulations

Tracking simulations for configuration of 10 short (580 mm magnetic length) 
CCT magnets
1 turn (267 ns) 10 turns (2670 ns)

8 ns

232Ra

233Ra

234Ra

235Ra

236Ra
Longitudinal phase space

x-px phase space

y-py phase space
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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 approximaaon and a more realisac 3D field map. 
Somehow this is also relevant for T1.7 (High order correcaons 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
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Towards more realistic simulations

Start-to-end simulations. First step: G4 Interaction modeling in SEC. This would allow us to obtain a more realistic 
beam and reaction product distribution to be injected into the ring

  

G4 Interaction Simulation in SEC
Beam and environment parameters:
● 1x107 of Ra-232 (z-axis)
● Gen. Part. at 25 cm of target and 1mm of �(xy)
● Kenergy of 2.32 GeV and 1% of �(Ken)
● Vacuum of 5x10-8 mbar

1st event: Ra-232 cross de target 2nd event: products of the collision (e, p, D, isotopes)

Target:
● C2D4 of plastic material at 98% (2% of H)
● Thickness size of 1.057 mg/cm2
Ideal simple detector was used for the tracking.
● 200 cells with 4.8 mm of size in xy-axis and 1 mm in z-

axis.

[TARGET] https://doi.org/10.1051/epjconf/202022903003

Physical phenomena:
● Neutron capture:  (n,p); (n,d); (n,t)
● Proton capture: (p,n)
● Elastic interactions

Geant4 code:
● Data libraries of G4TENDL1.4 (d, t) and G4TENDL4.7
● Physics List: em, decay, hadron (QGSP_BIC), ion_HP and 

ion_elastic

Target
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Towards more realisIc simulaIons

Start-to-end simulations. First step: G4 Interaction modeling in SEC. This would allow us to obtain a more realistic 
beam and reaction product distribution to be injected into the ring

  

Results of Data Simulations
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Geant4 uses extrapolated data from HEP.
Reaction Rate:
  - Realistic data of the beam with the target : 1/10.000 (0.01%)
  - Simulation data of a bunch with target: 0.112% taking into account isotopes only and 60% taking into account isotopes and protons

Suggestion for a program adapted to 10 MeV/u : https://nptool.in2p3.fr/manual/installation/ 
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The ISRS Zoo 
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4 curved CCT magnets (90 deg. bend) 12 straight 350 mm magnetic length 
CCT magnets (30 deg. bend)

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

Step by step we are converging on a final design adapted to the requirements 
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• Challenging design due to stringent requirements (limited space, beam ame structure, apertures, …)
• Depending on the operaaon mode of the ring (DC or pulsed mode) different alternaaves should be considered
• It is a project by itself
• Ongoing studies: Briefly presented by Fazel TaQ 

T1.6 Beam diagnostics
• Select beam diagnostics devices and positions. Limited space
• Constraints due to cryo-magnetic systems and large beam section (>100 mm)
• Preferably non-interceptive devices
• Activities on this task will begin within the next few months (in collaboration with The University of Liverpool 

and CI, UK)


