
Opportunities in reaction studies with re-
accelerated rare isotope beams at ARIEL 

Panel discussion 

Ben Kay, Argonne (USA) … an offer/suggestion 
Alessia Di Pietro, LNS (Italy) … a suggestion 

Beatriz Fernández Dominguez, USC (Spain) [online … ideas] 
Wilton Catford, Surrey (UK) … five things to say



•Active target systems (See T. Roger & Y. Ayyad) : Essential for maximizing 
luminosity with rare beams
•Vertex reconstruction and thick-target operation
Enables measurements otherwise impossible with conventional setups

Success in performing direct reactions with beams  < 1000 pps at TRIUMF within:  
• 4 days measurement for transfer 11Li(d,p)12Li → cross section ~ few  mb 
• 1 days measurement for resonant elastic scattering  20Mg+p → cross section ~barn
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Experimental methods → well suited for active targets
• Resonant elastic scattering → unique geometry + exp in 3-5 days 
• Inelastic scattering using different probles (p,p’),(d,d’),(a,a’) → internal trigger + exp 

in 2-3 days 
• One/two-nucleon transfer/removal → increased target with good resolution + exp 

in 4-5 days 
• Future : Charge exchange reactions (3He,t) etc..

Physics cases  → High scientific impact 
• Resonance and near threshold spectroscopy, proton emission 
• Open quantum systems: continuum and 3N-body forces
• Isospin mirror-symmetry
• Evolution of shell gaps
• Nuclear astrophysics

Nuclear structure studies at the drip-lines with Active Targets
→ Complementary studies to TIGRESS+SHARC

Beams with intensities
I ~ 500- 5 x 104 pps 
Beam energies : 5 AMeV-15 AMeV
Light-Medium mass region





Four things:

•Big items.. 
•New things
•Be prepared for the time structure
•Count the beam: Zero degree detection TRIFFIC Advanced 

trifoil (transparent, zero dead time)

5 - actually there are five things. Scheduling!! 
… do not switch off a running experiment

Wilton’s slide



Solenoidal spectrometers (2010 …)
Solenoidal spectrometers have proven to be a highly versatile 
approach to studying nuclear reactions for structure, 
astrophysics, and applications
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Tang 16N/15C PRC 105, 064307 (2022)

McNeel 26Mg/28Mg PRC 103, 064320 (2021)

Salathe 36S/35P PRC 102, 064317 (2020)

Chen 12B/11Be PRC 100, 064314 (2019)

Chen 21F/22F PRC 98, 014325 (2018)

Santiago-Gonzalez 18F/19F PRL 120, 122503 (2018)

Kuvin 10B/10B PRC 96, 041301 (2017)

Bedoor 14,15C/13,14B PRC 93, 044323 (2016)

Wuosmaa 14,15C/12,13B PRC 90, 061301(R) (2014)

Hoffman 17N/18N PRC 88, 044317 (2013)

Bedoor 13B/14B PRC 88, 011304(R) (2013)

Sharp 86Kr/87Kr PRC 87, 014312 (2013)

Hoffman 19O/20O PRC 85, 054318 (2012)

Kay 136Xe/137Xe PRC 84, 024325 (2011)

Wuosmaa 15C/16C PRL 105, 132501 (2010)

Back 11,12B/12,13B PRL 104, 132501 (2010)

MacGregor 28Mg/29Mg PRC 104, L051301 (2021)

Chen 32Si/33Si PLB 853, 138678 (2024)

Kay 14N,14C/15N,15C PRL 129, 152501 (2022)

Chen 15C/15C PRC 106, 064312 (2022)

Bennett 238U/239U PRL 130, 202501 (2023)

Chen 10Be/10Be PRL 134, 012502 (2025)

Chen 15C/14C PLB 868, 139789 (2025)

Angus 20Ne/21Ne PRC 112, 025803 (2025)

Watwood 34S/36S, under analysis

Munoz-Ramos 10Be/12Be, to be submitted

Watwood 32Si/34Si/33P, PRC 112, 054304 (2025)

Hoffman/Almaraz-Calderon 34Cl/35Cl, under analysis

Sharp/Freeman 212Rn/213Rn, to be submitted

Chen 11Be/12Be, under review

Kawecka/Henderson 17F,18F/17O,18O, under analysis

Louis-Fuentes 21F,20O, under analysis

Carollo 85Kr/86Kr, under analysis

Sharp 30Mg/31Mg, under analysis

Kay 132Sn/133Sn, under analysis

Park 110Sn/111Sn, under analysis

Jones 144Ba/144Ba, under analysis

Hoffman 38K/39K, under analysis

Lotay 61Zn/62Zn, under analysis

Ayyad 10B/11B, to be submitted

Ceulemens 68Ni/69Ni, accepted PRL

HELIOS
SOLARIS
ISS

Wilson/Hoffman 31Si/32Si, under analysis

(Not a incomplete list, but close)

Browne 49Ca/50Ca, under analysis

Dolan 92Kr/93Kr, under analysis

Sharp 27Na/28Na, under analysis

Sharp/Hoffman 28Al/29Al, under analysis

Babu 48Ca/47Ca,49Ca, under analysis

Ceulemens 50Ca/51Ca, under analysis

Tang 206Hg/207Hg PRL 124, 062502 (2020)

Zamora 7Be/6Be, under analysis

Gai 7Be/8Be, under analysis

Wuosmaa 29Mg/30Mg, under analysis

Tang 11C/12C, under analysis

Ojala/Page 196Pb/197Pb, under analysis

One of the major successes of the trio of 
programs is the emerging picture of ESPEs in 

the weak-binding regime …
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• 2008 onwards 
• ATLAS beams (stable, 

RAISOR) 
• Pioneered many solenoidal-

spectrometer techniques 
• Now dual mode

S    LARIS
• 2018 onwards 
• HIE-ISOLDE beams 
• Dual mode (vacuum, 

SpecMAT)

• 2021 onwards 
• ReA6 beam line 
• Dual mode (vacuum, AT-TPC) 
• Dual Si-array

A productive trio
There is now a trio of these devices, in various stages of development: HELIOS @ ATLAS, 
ISS @ HIE-ISOLDE, and SOLARIS @ ReA6 (FRIB)



12 Chapter 2. Science Opportunities

resolution measurements with SOLARIS will reveal the complete picture.

2.3 Effective Interactions Deduced from Nuclear Spectra

Access to new regions of the nuclear chart will allow for improved effective interactions from single-
particle spectra. Such data can be derived from single-nucleon transfer and inelastic scattering.
Historically, nuclei one and two nucleons away from stable doubly-magic nuclei have been well studied
and used to derive effective interactions which have led to highly refined shell-model calculations.
Transfer reactions provide the necessary information, including excitation energies (binding energies)
and cross sections, allowing for the extraction of spectroscopic factors and the determination of single-
particle energies. For particle unbound systems, it is expected that modifications to effective interactions
will arise due to coupling to the continuum [29].

Past studies have been limited to 16O, 40,48Ca, and 208Pb for the stable nuclei and, to a lesser extent,
90Zn. No such studies have been done with unstable doubly-magic nuclei. With ReA, detailed studies
around 24O, 56Ni, 68Ni, and 132Sn become possible.

Taking 132Sn as an example, determining the location of each member of the multiplets in the
particle-particle, particle-hole, and hole-hole systems (134Te, 134Sb, 134Sn, 130Sn, 130In, 130Cd, 132Sb,
and 132In) allows one to extract effective interactions [30]. The states could be probed through
neutron/proton adding and removing reactions on beams of 133Sb, 133Sn, 131Sn, and 131In. The high
resolution of SOLARIS in the Si-array mode is necessary for such measurements. A plot of the nuclei
involved in such a study is shown in Figure 2.3. It is intended that SOLARIS can operate with two
arrays in the Si-array mode (see Sections 4.2 and 4.4), such that reactions with outgoing ions moving
in both the upstream and downstream directions can be measured simultaneously. For example, the
133Sb(d,p) and 133Sb(d,t) reactions can be measured at the same time, maximizing the outcome from a
given amount of beam time.
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Figure 2.3: A plot
of nuclei used to
map out one- and
two-nucleon effec-
tive interactions. A
similar plot could
be drawn for other
doubly-magic sys-
tems, like 24O and
56Ni.

Alternatives to the use of transfer reactions include inelastic scattering. Such measurements would
be ideal for the AT-TPC mode of operation. While in some cases charged-particle spectroscopy should
be sufficient, simultaneous or complementary gamma-ray spectroscopy may be required as the level
density in these systems could be high. For example, the coupling of the g7/2 proton to the h11/2 neutron
hole results in eight states alone, often over a small excitation-energy range. The above examples imply
a range of probes, from transfer reactions that populate low and high angular momentum states to

• 10 Mev/u 
• >1e4 pps for silicon, >100 pps 

for active targets 
• Forgiving with regard to beam 

structure (timing) and purity 
(some caveat with active 
targets)



And just because …


