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Reminder: 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 rigidity B ρ :

In order1:        f= 4(B ρ )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 (MA=angular M)

f/# = f /D=can be  “fast” ( f/2 )=short exposure time

Dispersion: Both transverse and axial can be used.
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Led to design and construction of a “portable ” 40 cm bore, 
7T sc magnet (“BigSol”) for use at MSU NSCL  both as  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 available at UM TwinSol web site: 
www.physics.lsa.umich.edu/twinsol/ + related NIM/other papers
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As lens, can pick object and image distance for given
E/A and solid angle (MT,MA, dispersion then set):

As Dr. 
Dvorak will 
show, one 
can get very 
large angles 
collected for 
SHEs (also 
see TAMU 
papers)

^^SHE
So at a few 
MeV/u one 
can have 
very large 
solid angle

(depending 
on q of 
course):
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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):

Use of long object
distance (asymmetric 
mode) requires less
field , hence can lower
magnet cost
(for low q ions).

(note wheels!)
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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 B ρ

bite is a few 
mm
wide.
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Generating Z,A 
“identifiers” w/o 
gating 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 
pre-gated) 
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65,66,68,70 Co?
74,76 Ni ? Shells?

Several new 
isotopes were 
seen this way( 
2 days)

The isotopes in histograms are 
generally resolved in Z,A with 
fast, exponential fall off with N



F. Becchetti: Solenoid-based spectrometers, IRIS Workshops,2010

Advantage:  At  lower A,Z we could use all silicon 
focal plane detectors (thin dE and E-XY detectors)
High resolution and well calibrated dE and E-XY 
detectors permitted accurate A,Z i.d.

Problem SHEs: Must use gas detectors for DE in 
general. (As shown in next experiment)



F. Becchetti: Solenoid-based spectrometers, IRIS Workshops,2010

Limit of solenoids: Only part of axial field is used to focus ions:  

BigSol device limited to fragment  energies < 20 MeV/u (I.e. below 
NSCL > 2000 upgrade energies). 

So BigSol moved to dedicated beam line at TAMU cyclotron (5-20 
MeV/u heavy ions)

(Recall it was designed to be moved as needed)
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First TAMU SHE experiment using BigSol
(massive transfer using ( 6 mg/cm2)
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Heavy fragments: Must now use gas XY and dE
detectors ( Si dE too thick/too small) :
PPACs,MWPC+ 8 segment IC+scintillators

Problems: Detectors optimized expecting 
certain Z and  E/A for fragments
Front PPAC limits count rate /beam useable

200/sec
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6
“interesting”
“high Z”
events 
identified
(a few days 
running):
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The six “interesting” events identified(SIE), initially as Z= 
100-110 with A 260-280 but low E/A  :

Problem: Had to extrapolate dE/dx loss curves
beyond Z=92 (SRIM etc): Major source of Z i.d. 
uncertainty, esepcially due to lower E/A than expected.
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So considerable data with BigSol also taken to measure 
dE/dx using direct beams (now published in NIM):
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197Au

238U

So can’t depend on 
SRIM or  tables 
necessarily to 
extrapolate dE/dx.

Earlier SHE events 
identified with Z too 
large due to invalid  
extrapolation of 
dE/dx, especially at 
lower E/A .
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Need more energy in IC to get better Z i.d. 
for high Z :
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Thus the Z of interesting events reassigned now to 
lower Z (97 to 102) with yields as indicated:
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So improved detectors planned for future SHE experoments.

Also note upgrade options for use as multi-fragment 
spectrometer:

A) Add 2nd solenoid as ToF mass spectrometer

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

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

D) Compensating Eloss absorbers (UM NIM paper)

Ideal configuration depends on intended use and Z,A,q of 
ions to be detected. 
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TwinSol: UM-UND two 30cm bore x 6T s.c.slenoids for 
LE RNB research :
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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 
sub nsec ToF possible 
(e.g. foils+MCPs)with
minimal time 
dispersion. 

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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New magnets can have built in cryo-coolers, and can have 
active shields (tho latter is x 1.5 $$..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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Per last meeting: Conclusions:

Solenoid-based systems can be cost- and space-effective 
and provide a multi-mode, multi-functional  spectrometer 
system, but  need high fields, long coil  for low-q ions.

Given their relative simplicity and moderate costs , could be 
well-suited to  SHE research should massive transfer 
(angles> zero) be a suitable SHE production mechanism.

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

Thank you


