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• 2008: first discussions about need for recoil 
separator(s) for ReA beams experiments 

• 2013: publication about the ISLA concept 
• D. Bazin & W. Mittig, NIM B 317, 319 (2013) 

• 2014: ISLA chosen by community as best design 
to fulfill science goals 

• 2015: ISLA white paper released 
• fribusers.org/documents/2015/isla_WP.pdf  

• 2016: ReA energy upgrade white paper released 
• 2019: NSF Mid-scale pre-proposal not retained 
• 2019: Conceptual dipole design finalized 
• 2020: Study of multipole magnets

Short history
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• “ReA12 with FRIB beams makes these studies possible, 
but only if we have a flexible spectrometer to remove 
unreacted beam and identify the products” 

• “ISLA meets the needs of ALL proposed physics cases”

Science goals
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feature of SECAR is its very high rejection efficiency for unreacted primary beam, which 
is necessary to allow direct astrophysical rate measurements with very low cross sections. 

We propose a recoil separator following ReA12 to address a wide variety of physics cases 
based on fusion-evaporation, Coulomb excitation, transfer, and deep inelastic reactions by 

providing a large angular, momentum, and charge state acceptance; a high M/Q resolving 
power; and the flexibility to couple to a variety of auxiliary detector systems for gamma, 
charged particle and neutron spectroscopy. ISLA, the Isochronous Separator with Large 
Acceptance, has been proposed and endorsed by the community to meet the goals of the 
ReA12 recoil separator. 

The goals of the ReA12 accelerator and the associated recoil separator are congruent with 
the broader FRIB facility.  Specific examples of physics cases, shown in Figure 4, are 
discussed in this section. These physics cases were submitted by interested experimenters 
to the recoil separator working group conveners in response to a call for possible 
experiments involving a recoil separator following ReA12. The proposals include 
experiments in light, medium and heavy isotopes; experiments in neutron-rich and 
neutron-deficient isotopes approaching both driplines as well as actinide and 

FIGURE 4: ALREADY PROPOSED PHYSICS CASES FOR THE REA12 RECOIL SPECTROMETER LABELLED BY 

REGION ON THE CHART OF NUCLIDES. THE LARGE BRACKETS SHOW THE RANGE OF INTEREST FOR CASES 

THAT ARE PROPOSED TO INVOLVE A LARGE FRACTION OF THE ENTIRE CHART. MANY OTHER STUDIES 

BEYOND THOSE INDICATED HERE WILL BE POSSIBLE AND WILL ULTIMATELY BE PURSUED AT THE 

COMPLETED FACILITY. 
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The ReA facility provides reaccelerated beams of rare isotopes at the well-controlled beam 
energies that are required for a broad set of low-energy nuclear reactions at and above the 
Coulomb barrier. Compared to fast beams that are produced from fragmentation or fission 
reactions and separated in-flight, the small emittance of the reaccelerated beams following 
gas stopping and charge breeding is a great advantage since the required resolutions can be 
achieved without beam tracking. Figure 1.2 summarizes suitable beam energies for 
representative nuclear reactions and experimental techniques discussed in this whitepaper. 
Experimental tools for nuclear structure studies include fusion and Coulomb excitation of 
heavy nuclei at and below the Coulomb barrier and multiple Coulomb excitation at barrier 
energies that require ReA6 beam energies. Direct transfer reactions such as (d,p) and (p,d) 
become reliable at and above 9 MeV/nucleon, and higher beam energies are preferable to 
have better momentum matching conditions for high-l single-particle states in medium-
mass and heavy nuclei. Finally, an energy of 12 MeV/nucleon or above is required for 
some one- and most two-nucleon transfer reactions as well as for fragmentation-type 
reactions for studies of the nuclear equation of state. 

 

Fig.1.2: Nuclear reactions and experimental techniques envisioned for science programs 
at ReA. The reaction Q values depend largely on the case of interest, therefore, the energy 
information was chosen based on examples given in this whitepaper.  

 

A pre-conceptual design of the ReA12 experimental area is shown in Fig.1.3. Three 
additional cryomodules (=0.085) are planned as an extension to the current ReA3 beam 
line, and each module adds about 3 MeV/nucleon beam energy. In this preliminary concept, 
the experimental area accommodates two dedicated beam lines for a solenoidal 
spectrometer and the ISLA recoil separator and includes one general-purpose beam line. 

From ReA energy upgrade WP From ISLA WP
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• Isochronous Separator with Large Acceptances 
• Provides M/Q separation of reaction products based on 

Time-of-flight measurement 
• Inspired from the TOFI mass spectrometer (LANL) 

• Characteristics 
• High M/Q resolving power: R > 1000 
• Large acceptances 

• 64 msr 

• ± 10% momentum 

• Flexible 
• Coupling to multiple auxiliary systems 

• Possibility to change incoming beam angle

Basic concept
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J. M. Wou t ers e t a l . / Op t i ca l des i gn o f the TOM spec t rome t er

way we p l an to measure 30 to 40 new masses o f l i gh t neu t ron- r i ch i so topes w i th an es t i ma t ed s t a t i s t i cs- l i m i t ed
er ror o f 30-1000 keV . W i th de t ec tor i mprovemen t s l ead i ng to be t t er a tom i c number i den t i f i ca t i on i t shou l d
be poss i b l e to ext end these measuremen t s i n to the l i gh t f i ss i on produc t reg i on .

2. TOR - a t i me -o f - f l i gh t i sochronous spec t rome t er

Our approach to a reco i l t i me -o f - f l i gh t spec t rome t er i s to emp l oy an i sochronous des i gn , wh i ch makes
the t rans i t t i me o f a par t i c l e w i th a g i ven mass- to-charge ra t i o pass i ng through the spec t rome t er
i ndependen t o f the par t i c l e ve l oc i t y (see f i g . 1) . Th i s cond i t i on i s ach i eved by an ar rangemen t o f sec tor
magne t s tha t t ransm i t i ons o f equa l mass- to-charge ra t i o bu t d i f f er i ng ve l oc i t i es on t ra j ec tor i es o f d i f f eren t
l eng ths , such tha t the overa l l f l i gh t t i me i s cons t an t . The coro l l ary to th i s ve l oc i t y i ndependence i s tha t the
f l i gh t t i me i s then a d i rec t measure o f an i on ' s mass- to-charge ra t i o . In add i t i on to i t s i sochronous
proper t i es , TOF I i s overa l l momen tum nond i spers i ve and focuses a l l i ons s t i gma t i ca l l y to the same sma l l
spo t . A reco i l spec t rome t er o f th i s t ype a l l ows the s i mu l t aneous measuremen t o f many nuc l e i , i nc l ud i ng

F i g . 1 . Par t i c l e t ra j ec tor i es through TOF I show i ng tha t i ons o f equa l mass- to-charge ra t i os requ i re the same f l i gh t t i mes s i nce more
energe t i c i ons move f as t er bu t a l ong a l onger pa th l eng th as compared to l ess energe t i c i ons. Th i s pr i nc i p l e i s i l l us t ra t ed by show i ng
the par t i c l es a t f i ve d i f f eren t t i mes w i th fu l l c i rc l es represen t a t i ng i ons o f mass- to-charge ra t i os (m / ze ) o and k i ne t i c energ i es Ko and
K1 . Ana l ogous l y , the open c i rc l es represen t i ons o f d i f f eren t mass- to-charge ra t i o (m / ze ) , > (m / ze ) o aga i n w i th energ i es Ko and
K1 . These c i rc l es show tha t i n the t i me the fu l l c i rc l e par t i c l es have reached the s top de t ec tor the open c i rc l e par t i c l es are s t i l l t rave l i ng
through the sys t em ( i . e . , the t i me o f f l i gh t i s a d i rec t measure o f the mass- to-charge ra t i o) .
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• Symmetrical design 
• Cancel aberrations to allow large acceptance 
• Small focal plane to allow decay studies and/or 

further separation using RF kicker 
• Distance between target and first dipole large 

enough to accommodate auxiliary detectors 
(GRETA, …) 

• Horizontal swinger 
• Movable dipole 
• Allow to change beam angle on target up to 45° 
• Access to maximum of cross section in deep 

inelastic reactions

Layout and basic performance
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• Main parameters 
• Bending angle: 70° 
• Bending radius: 1.25 m 
• Edge angles: 22.5° 
• Gap: 40 cm 
• Maximum field: 2 Tesla 
• Weight: 223 tons 

• Pentagonal pyramidal internal void 
• Optimized to maintain more uniform field across 

radius for different fields 
• Field boundary shifts with magnetic field 

strength require tunable elements

Dipole concept optimizations
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

 
Figure 17: The gap inside the poles in now pyamidal 

 
Figure 18: Dimensions of the pyramidal gap.  

Height (y-axis): 200 mm 

The advantages of this gap design compared with the previous triangular gap is that I 
had more degrees of freedom to change its shape, in order to reduce or strengthen the 
correction in either the inner or the outer yoke.  
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

The radial homogeneity curves now have the following shape:  

 
Figure 19: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 150kA  

 
Figure 20: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 250kA 

 
Figure 21: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 350kA 
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

The radial homogeneity curves now have the following shape:  

 
Figure 19: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 150kA  

 
Figure 20: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 250kA 

 
Figure 21: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 350kA 

B  = 1.09 Tmρ

B  = 2.19 Tmρ
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

5. Work progress  

5.1. Starting point: Optimization of the magnetic field distribution for 
low magnetic fields  

5.1.1.  Description of the dipole design 

The last 3D design of ISLA dipole magnet is the result of M. Ringhausen’s work.  

  Figure 7 : SolidWorks model of the dipole yoke and its superconducting coils 

• The yoke, which is the steel envelope that conducts the magnetic field flux, is 
composed of Carbon Steel 1006 and weighs 223t.  
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

 
Figure 22: Plot of By(r) along the x axis (left) ;  Plot of ΔBy/By (r/ρ) fit along the x axis (right, 

red) 
for Icoils= 450kA 

As we can see on the new curves, the homogeneity looks much better now for lower 
fields.  

 

The new values of max[ΔBy/By (r/ρ)] are lower than 10-3 and quite stable for I = 150 ; 
250 ; 350kA. The homogeneity is not as good for I = 450kA, most probably because of 
the magnetic flux saturation that begins to occur. However, the homogeneity is good 
enough in terms of order of magnitude to use this model for our optic calculations.  

After fitting the ΔBy/By (r/ρ), we obtain the following higher order factors:  

 

These coefficients will have to be entered in COSY in order to describe the behavior of 
the magnetic field for the optic calculations. 

5.1.5. Calculation of the dipole Effective Field Boundary (EFB) 

When the beam-line gets out of the dipole, the magnetic field drops progressively from 
the maximum strength Bmax to 0. Then the effective boundary would be the line across 
which the field drops instantly from a constant value Bmax to a constant value 0. (see 

B  = 2.5 Tmρ

A. Comsa
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• Necessary to adjust focusing and isochronocity as a 
function of magnetic rigidity 

• COSY infinity study: 4 multipoles needed with maximum 
gradient of ~ 4.103 Gauss/m 

• Panofsky design retained 
• Rectangular shape well adapted to ISLA geometrical acceptance 
• Sufficient strength for room temperature operation 
• Quadrupole and Sextupole components with a small constant dipole

Tunable multipole elements
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STUDY ON THE GLOBAL OPTICAL ABERRATIONS OF THE SPECTROMETER ISLA TAKING INTO 
ACCOUNT THE MAGNETOSTATIC PROPERTIES 

Alexandre Comsa 

 

However, the values of |xf| and |yf| that give the size of the image are too high, and we 

can see in the table above that it’s because of the values of (𝒙
𝒂
) and (𝒚

𝒃
) which are too 

high for I = 350;450kA. 

Furthermore, after several attempts, COSY failed to reach the condition (1) defined 

earlier that includes minimizing (𝒙
𝒂
) and (𝒚

𝒃
), most probably because two Q-poles aren’t 

enough.  

Then we have to add more of them to have more degrees of freedom for the Simplex 

method calculation performed in the optimization. 

5.5.7. Reaching isochronocity and a reduced image with four Q-poles  

 
Figure 36: Geometry of ISLA including the location of the 4 Q-poles in red.  

 

Settings: The 4 Q-poles are now set in COSY with these parameters: 

A. Comsa
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Figure 45 : Outputs of the Fourier decomposition for the quadrupole + sextupole 

I designed the 3D model with simple returns (see fig. 46), the gaps are the same that on figure 
27. For the bottom and the top coils : the quadrupole coils are white, the sextupole are orange. 

 

 

 

 

 

 

 

 

 

 

 
Figure 46 : Final SolidWorks 3D model 

 

A. Olive
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Figure 45 : Outputs of the Fourier decomposition for the quadrupole + sextupole 

I designed the 3D model with simple returns (see fig. 46), the gaps are the same that on figure 
27. For the bottom and the top coils : the quadrupole coils are white, the sextupole are orange. 

 

 

 

 

 

 

 

 

 

 

 
Figure 46 : Final SolidWorks 3D model 

 



D. Bazin, ISLA presentation, Town Hall meeting, Argonne National Laboratory, Nov 14-16, 2022

• Design goals 
• Resolving power > 1000 
• Beam spot at final focal plane within 5 cm x 5 cm 

• 5th order COSY infinity calculations 
• Field shapes from magnet models (fringe fields) 
• Incoming beam ∆t=0 ns, ∆x=±.5 mm 
• System apertures included 
• Monte-Carlo input distributions 

• Most difficult case: asymmetric fusion 
• 9 charge states transmitted 
• Resolving power around 1000 
• Vertical tails at focal plane due to uncorrected 

aberrations

Optical studies
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Optical Model Tests
➔ COSY 5th order calculation

K. Makino, M. Berz, NIM A 558 (2005) 346

➔ Field shapes from model (vary w/ Brho)
Radial and fringe field
Quadrupoles fit for isochronicity

➔ dT incoming assumed zero; .5mm spot

➔ System apertures included

➔ Monte Carlo Input distributions

◆ Symmetric fusion evaporation
58Ni + 46Ti -> 100Sn + 4n

58Ni + 46Ti  100Sn + 4n→

Low Beam Energy & Large Emittance
22Ne + 238U -> 255No + 5n (the Worst Case)

➔ Track 9 charge states centered at Q = +28
dQ/Qo ≅ +/- 14% (as 100Sn for convenience)

➔ Extract resolving power for each Q

➔ RStDev > 1000 for all charge states

➔ RFWHM > 880 (tails truncated by apertures)

➔ Beam spot too large at the Focal Plane22Ne + 238U  255No + 5n→Low Beam Energy & Large Emittance
22Ne + 238U -> 255No + 5n (the Worst Case)

➔ Track 9 charge states centered at Q = +28
dQ/Qo ≅ +/- 14% (as 100Sn for convenience)

➔ Extract resolving power for each Q

➔ RStDev > 1000 for all charge states

➔ RFWHM > 880 (tails truncated by apertures)

➔ Beam spot too large at the Focal Plane

Low Beam Energy & Large Emittance
22Ne + 238U -> 255No + 5n (the Worst Case)

➔ Track 9 charge states centered at Q = +28
dQ/Qo ≅ +/- 14% (as 100Sn for convenience)

➔ Extract resolving power for each Q

➔ RStDev > 1000 for all charge states

➔ RFWHM > 880 (tails truncated by apertures)

➔ Beam spot too large at the Focal Plane

From M. Amthor
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• Target location 
• GRETA 
• CAESAR 
• SuN 
• HAGRiD 
• ORRUBA 
• LENDA 
• VANDLE 
• Plunger 
• Gas jet 
• Other…? 

• Focal plane location 
• TOF, dE, TKE, range 
• Implantation/Decay 
• RF kicker 
• Other…? 

• Challenges 
• Off 0° operation 
• Beam stopping 

• Charge states 

• ISLA is designed for 
low intensity beams 
(< 108 pps)

ISLA integration
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ISLA Integration
➔ GRETA

Space is available in principle
◆ Challenge off-angle beams
◆ Challenge of support extensions

➔ Other experimental systems
◆ At Focal plane

● TOF, dE, TKE, (tracking)
● Implantation decay 

(multi-physics): 
α, β, γ, n, fission

● Low-energy RF kicker 
(part of ISLA)

● Your other ideas…
➔ Mechanical systems

◆ Cryogenics, vacuum, diagnostic, 
control, power supplies...



D. Bazin, ISLA presentation, Town Hall meeting, Argonne National Laboratory, Nov 14-16, 2022

• Latest FY2022 MSU DOE-NP budget briefing 
• Notional TPC of $9.8M 
• 30% contingency in TPC 
• Proposed project scope 

• 4 large acceptance superconducting dipole magnets 
• 4 Panofsky-type room temperature multipoles 
• Focal plane chamber and detectors 
• Beam swinger and incoming beam line 
• Infrastructure for ancillary detectors at target location 

• Present funding opportunity 
• NSF mid-scale RI-1, pre-proposal due Jan 05, 2023

Cost and funding opportunity
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$0.0 M $0.0 M
$0.3 M

$3.9 M

$3.2 M

$1.3 M

$0.7 M
$0.4 M

$0.0 M
$0.5 M
$1.0 M
$1.5 M
$2.0 M
$2.5 M
$3.0 M
$3.5 M
$4.0 M
$4.5 M

FY21 FY22 FY23 FY24 FY25 FY26 FY27 FY28

Activity Forecast Date
Conceptual design complete FY23
First Dipole Construction 
Complete and Magnet Test

FY25

Infrastructure and installation 
complete

FY26

Commissioning FY28
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