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Solenoid Optics:

Act as a simple, thick lens with focal length as a function of 
length and axial field, Bz

2L (the integral) and ion Bp:

In order1:        f= 4(Bp)2/ <B2
zL>

Hence we can change image location (which also impacts 
angular and transverse magnification ) as we would for any 
lens:

1/f = 1/i+1/o

MT =-i/o  (hence dispersion is variable
- and have similar dispersion along z

axis)

MTMA= Constant

f/# = f /D=can be  “fast” ( f/2 )

Dispersion: Both transverse and axial can be used.
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Pre-1970’s: Used mostly for electrons (basis for 
electron microscope) as can use permanent 
magnets or electromagnets w/ electrons (Ruska 
Nobel prize)

1970’s onward:  Superconducting magnets (as 
suggested by J. Nolen, MSU) permit use of 
solenoids for MeV energy ions.

Work at Orsay (Schapira et al; SOLENO): Exotic 
decay studies (14 C decay, etc.) using sc solenoid 
spectrometer

UM-ANL-UND: 3.5T solenoid at ANL ATLAS and 
later at  UND
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Early Orsay papers on solenoid HI spectrometers:
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Related UM-ANL project (RSI paper) based on Orsay work:
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Images at focal plane 
(radial dispersion):

Lots of stuff !!

Small angle HI 
transfer data:
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3.5 T solenoid (“LiLSol”) at ANL used as small angle 
multi-nucleon spectrometer (dE-E-ToF) for 18O induced 
reactions( R.Stern,UM Phd; Rev.Sci.Instrum. 1987):

Problem: Tho demonstrated techniques there was  high 
count rate of “unwanted” ions (>10^4/s) (17,18F,19O, 
21Ne,…) =radioactive ions= RNBs!…so…

Moved to U. Notre Dame FN tandem as dedicated LE RNB 
production device, one of first operational high-intensity RNB 
devices (1985-1992):
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Led to design and construction of a “portable (!)” 40 cm bore, 
7T sc magnet (“BigSol”) for use at MSU NSCL as both a 
specialized RNB production device (isomer beams e.g. 200 
nsec 18Fm ) and as a multi-particle spectrometer (1990s)
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Material from  ToD thesis (and related  NIM paper)a:

a) This and other theses etc available at UM TwinSol web site: 
www.physics.lsa.umich.edu/twinsol/
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As lens, can pick object and image distance for given
E/A and solid angle (MT,MA, dispersion then set):
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Configuration of BigSol at MSU NSCL as a multi-particle 
spectrometer for study of fragment yield 136Xe+ natC, E/A= 
�30 MeV/u (T. Odonnell, UM PhD 2000-available on line ):

Here we set up for long focal length and hence long flight path (6.6 m) for 
ToF, but still few cm^2 image size to permit use of thin+thick+PSD  silicon 
detectors at focal plane (an advantage of solenoid along with uniform 
trajectories for sub-nsec ToF):

(note wheels!)
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(XY-dE-t)
(dE1,2-t1,2,E-XY)

136Xe 
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Large-area front PPAC XY (trajectory, dE, and fast timing < 
1 nsec) together with silicon detectors dE1-t1,dE2-t2,E-XY 
at focal plane permits good fragment identification without 
any pre-gating (hence all events used including several q 
states): 



F. Becchetti: Solenoid-based spectrometers, IRIS Workshop March1,2010



F. Becchetti: Solenoid-based spectrometers, IRIS Workshop March1,2010

Precise ion-optics of solenoid (if aligned ) with minimal 
aberrations permits accurate XY gating ( to < 1mm) to 
select Bp bites in silicon PSD: 

Here image 
is 25 mm 
diameter 
and Bp bite 
is a few mm
Wide.

..but..
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Front PPAC XY image for a given isotope (can 
measure differential cross section if transmission 
calculated OK)

Note: Spiral 
angle image of 
FC support 
can confirm 
Bp. 
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Problem: At FP  XY can correspond to two different 
orbits, one crossing axis, one not (so need good E-t)
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Thus transmission efficiency somewhat complicated and 
depends on good alignment wrt beam axis, beam emittance 
etc. (but if those known can simulate orbits well due to simple 
ion-optics)
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Large acceptance: Be careful what you wish for !:

136Xe+natC, 30 MeV/u at small thetas:

So major 
problem is to 
i.d. 
everything.
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Critical: Have available calibration beams (known Z,A,E) . 
In cyclotron we use analog beams (same q/A and B π)
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Developed Fourier transform technique to remove 
spurious events (yet keep all good events)

Gate in FT

Spurious 
events

Valid 
events
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With care can add runs taken at different field 
settings (40Ar band shown here)
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Generating Z,A 
“identifiers”
leads to 
relatively clean 
Z,A spectra 
where all 
events have 
been used…I,e, 
none  thrown 
away in 
gates�..
(dE1,dE2,E are 
correlated and 
should not be 
pregated) 
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65,66,68 +Co? 
^
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But: Large-area front PPAC available at the time (resistive 
XY) limited count rate w/o degrading ToF to 10^4/sec. This 
limit (and beam time allocated for experiment including set 
up time)  N,Z of fragment spectra: 

Improved system : Utilize fast segmented PPAC or 
MCP+foil based detectors for trajectory measurements. 
This could increase rates x10-x100 or more. Also, may be 
possible and sufficient to measure trajectory only at exit of 
magnet (less neutron/other background) and larger silicon 
detectors array at focal plane.
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System at MSU NSCL had to be used in a “portable” mode (moved 
in/out of beam line including LHe lines etc.)  Also device limited to 
fragment  energies < 20 MeV/u  (I.e. below NSCL > 2000 upgrade 
energies). Hence moved to dedicated beam line at TAMU cyclotron:
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Recent TAMU experiment using BigSol: 
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Ideal system ?: Two solenoid magnets ?? . 

TwinSol : Designed and constructed as joint UM-UND project (1995-) 
mainly as LE RNB production device, but on occasion used as a 
spectrometer system with front reaction chamber added for particle-particle 
coincidence.

Special feature: Low-loss croystats and operate in persistent mode (no 
LHe system needed). 
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Two magnets can be 
used in multiple 
modes with or w/o 
cross over at center
(latter for ToF 
detector, E-loss 
absorber, etc.). 
Opposing B reduces 
fringe field.

Again long-flight path 
ToF possible with 
minimal time 
dispersion. Multiple 
scattering chamber 
locations possible .

Recent Twinsol set up as 8 M ToF system 
(RNBs) w/MCP at cross over focus:

Also have run in parallel hi-Bp mode:
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Upgrade options for use as multi-fragment spectrometer:

A) Add radial electric field lens or similar (UM RSI paper)

B) Run gas filled mode (but destroys ToF-XY): See ANU work

C) Compensating Eloss absorbers (UM NIM paper)

D) Long magnets for harmonic charge focussing (UM RSI 
paper) ?

Ideal configuration depends on intended use and Z,A,q of 
ions to be detected. 

e.g. neutrons an issue?? Don’t need zero degrees, rather 1 to 
10 degrees?? ??  (Solenoids run at zero degrees..but 
need angles away from zero for dispersive focii ).

.
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And new magnets can have built in cryo-coolers, and have 
active shields (tho latter is $$..i.e. 0.7 M$ vs. ca. 0.4 M$).

(For magnet shown, can be split-coil design for use also as an ion trap or 
other applications needing side access. In UM queue for submission to 
US NSF )

Just Kw’s 
needed, no 
LHe
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Conclusions:

Solenoid-based systems can be cost- and space-effective 
and provide a multi-mode, multi-functional  spectrometer 
system.

Given their relative simplicity and modest costs together 
with rapid construction possible, this does not necessarily 
exclude also having a more elaborate spectrometer system 
as funds and space become available.

Some references : www.physics.lsa.umich.edu/twinsol/

Thank you




