
Solenoidal Spectrometers for 
Nuclear Reaction Studies

Many thanks to Robert for the unwavering 
support throughout the years



25 SiSB detectors
+ 25 Ortec 142A
+ 25 Ortec 571/2

A Big Mess!! 

Electrostatic Deflector

Argonne Notre-Dame BGO Array

But first: Nothing at all to do with Solenoids, or – 
When I first met Robert

Evaporation
Residue



My first paper with Robert
Fond Memories!



Genesis:  “I don’t know 
John, that sounds a little 
crazy…”

The conversation took place somewhere
around here…

APEX – e+e- spectrometer
Transverse solenoid recycled from old

MSU K50 cyclotron
B=300 G (.03T)



Why?

0.35 MeV

θcm=24o



For Something that would become RIA



What do we need to Establish 
the Single-Particle Structure of  
Exotic (Neutron-Rich) Nuclei

John Schiffer

Argonne Nat’l. Lab

&

Alan Wuosmaa

Western Michigan University

RIA Equipment Workshop

ORNL  March 19, 2003





d(132Sn,p) kinematics (at 8A MeV)

RIA Equipment Workshop
ORNL  March 19, 2003



Schematic design
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RIA Equipment Workshop
ORNL  March 19, 2003

NPA 746 267c (2004)



Solenoid 
transport
for d(132Sn,p)
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E(132Sn)=7 MeV/u
B =2T

RIA Equipment Workshop
ORNL  March 19, 2003



Real states in 133Sn
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HELIcal Orbit Spectrometer -HELIOS

2.35 m

0.9 m

X-Y- positioning

stage

BMAX=2.85 T

Laser 

rangefinder

Silicon Array
Target

Beam

J.P. Schiffer, RIA equipment workshop 1999

AHW et al., NPA 746, 267c (2004) 

AHW et al., NIMPRA 580, 1290 (2007)

J. C. Lighthall et al., NIMPRA 622, 97 (2010)

Recoil 

Detectors

John Schiffer’s acronym: SOIREE
SOlenoid for Inverse REaction
Experiments

“A fancy evening affair”



HELIOS: From Scanner to Spectrometer

Tübingen, Germany

November 2006

Nov 8, 2006

Argonne, USA

December/January 2007



Birger Back managed 
the project throughout



Students working hard

Jack Winkelbauer

Jon Lighthall



Assembled by Scott Marley

Early view of the silicon-detector array



HELIOS at ATLAS



Revisit 136Xe(d,p)137Xe
B. P. Kay et al.,



Different 
Versions

SOLARIS @ FRIB

ISS @ CERN HIE ISOLDE

ISS in the Geneva Airport



!!!!



17N(d,p)18N

C. R. Hoffman et al., PRC 88, 044317 (2013)

S. Bedoor et al., PRC 88, 011304(R) (2013)

P. T. MacGregor et al., PRC 104, L051301 (2021)
(ISS Measurement)

13B(d,p)14B

15C(d,p)16C

AHW et al., PRL 105, 0132501 (2010)

J. Chen et al., PLB 853, (2024)
(SOLARIS measurement)

1/2+

5/2+

(d,p) light nuclei
B. B. Back et al.,
PRL 104, 2010 32Si(d,p)33Si



(d,p) heavy nucleiD. K. Sharp et al., PRC 87, 014312 (2013)

86Kr(d,p)87Kr

B. P. Kay et al., PRC 84, 024325 (2011)

T. L. Tang et al., PRL 124, 062502 (2020)
(ISS measurement)

206Hg(d,p)207Hg



Nucleon Removal
M. Salathe et al., PRC 102, 064317 (2020)

T. L. Tang et al., PRC 105, 064307 (2022)

AHW et al., PRC 90, 061301(R) (2014)J. Chen et al., PRC 100, 061314 (2019)

12B(d,3He)11Be 36S(d,3He)35P

Isomeric 
beam!

Y. C. Jiang et al., PLB 868 (2025)



(In)elastic scattering

S. A. Kuvin et al., PRC 96, 041301(R) (2017)

J. Chen et al., PRC 106, 064312 (2022)

15C(d,d)

15C(d,d’)15C(5/2+)

10B(p,p’)



Fission!



*A. H. Wuosmaa et al., NIMA 580, 1290 (2007)

HELIOS: Dual array mode — a long time coming

48Ca(d,t)47Ca, Q = –3.7 MeV 48Ca(d,p)49Ca, Q = 2.9 MeVN = 28
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A cartoon of the dual-array mode was used in the 2007 NIM*, and is the foundation of the SOLARIS 
proposal; however, the dual-array mode had never been used in practice … until now (proposals accepted at 
FRIB for SOLARIS)

(SOLARIS detectors)(HELIOS array)

A. Babu, A. J. Mitchell et al., under analysis
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Courtesy B. Kay



The Poster Child: 132Sn(d,p)133Sn

Ep (MeV)

B. Kay et. al.
Online spectrum 

from CERN-ISOLDE 
ISS… July 2024(Fantasy from 2007)

Very preliminary: From 1st day of beam!

~Ex (MeV)

email received at AMS…

K. L. Jones et al., Nature, 
465, 454 (2010)



Solenoidal spectrometers, past 15 yrs
Solenoidal spectrometers have proven to be a highly versatile 
approach to studying nuclear reactions for structure, astrophysics, 
and applications

Z

N

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, under review

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

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

Chen 11Be/12Be, to be submitted

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

Louis-Fuentes 21F,20O, under analysis

Carollo 85Kr/86Kr, under analys is

Sharp 30Mg/31Mg, under analys is

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, under analys is

HELIOS

SOLARIS

ISS

Wilson/Hoffman 31Si/32Si, under analys is

(Not a complete list, but close)

Browne 49Ca/50Ca, under analysis

Dolan 92Kr/93Kr, under analys is

Sharp 27Na/28Na, under analysis

Sharp/Hoffman 28Al/29Al, under analysis

Babu 48Ca/47Ca,49Ca, under analys is

Ceulemens 50Ca/51Ca, under analysis

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

Zamora 7Be/6Be, under analysis

Gai 7Be/8Be, under analysis

A ≾ 20

A ≿ 20

*

*

*

*

*

Wuosmaa, 29Mg/30Mg, under analysis

Courtesy Ben Kay

1+2 nucleon transfer (stripping and pickup), 
elastic, inelastic, isomer beams, tritium targets, 
fission (d,pf), neutron-capture surrogates, 
stable, radioactive, and long-lived beams, 
active targets, etc.  

Year of Publication
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Merci beaucoup, et à la prochaine, nos amis!




	Slide 1: Solenoidal Spectrometers for Nuclear Reaction Studies
	Slide 2: But first: Nothing at all to do with Solenoids, or –  When I first met Robert
	Slide 3
	Slide 4: Genesis:  “I don’t know John, that sounds a little crazy…”
	Slide 5: Why?
	Slide 6: For Something that would become RIA
	Slide 7: What do we need to Establish the Single-Particle Structure of  Exotic (Neutron-Rich) Nuclei 
	Slide 8
	Slide 9: d(132Sn,p) kinematics (at 8A MeV)
	Slide 10: Schematic design
	Slide 11: Solenoid transport for d(132Sn,p)
	Slide 12: Real states in 133Sn
	Slide 13: HELIcal Orbit Spectrometer -HELIOS
	Slide 14: HELIOS: From Scanner to Spectrometer
	Slide 15
	Slide 16
	Slide 17
	Slide 18: HELIOS at ATLAS
	Slide 19: Revisit 136Xe(d,p)137Xe
	Slide 20: Different  Versions
	Slide 21
	Slide 22: (d,p) light nuclei
	Slide 23: (d,p) heavy nuclei
	Slide 24: Nucleon Removal
	Slide 25: (In)elastic scattering
	Slide 26: Fission!
	Slide 27
	Slide 28: The Poster Child: 132Sn(d,p)133Sn
	Slide 29
	Slide 30
	Slide 31

