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Stories from inside a magnet:
solenoidal spectrometers
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We're not only made of water...

But let's focus on "others":

- cobalt,

- molybdenum,

- selenium,

- strontium...
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What is the originof 
theseelements?
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Solar system abundancesof heavy elements

Beyond Fe, Ni Ҧneutron-capture reactions

C.J. Horowitz et al., JPG 46, 083001 (2019)

3

Å s-process(slow neutron-capture process)
Å r-process(rapid neutron-capture process)

C. Sneden, J.J. Cowan, Science 299, 70 (2003)
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Studies on fission of neutron-rich nuclei
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Direct kinematics reactions

Light beams
(neutrons, protons, light ions..)

Heavy ion
target

Drawbacks:

Å limited choice of targetsmaterial
(only stable or close-to-stable nuclei);

The main focus is on the target! Projectile-like products Target-like products

Observed produced ͯ at rest

often remain in target

Not observed

Å relatively low energies of 
FFs(Fission Fragments) result in 
difficulties;mostlyfor their Z 
identification.

5

Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka



Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka

Inverse kinematics using radioactive ion beams (RIBs)

d(RIB,pf)

Heavy beams

Light target

Reaction products
Advantages

ÅLarge kinematic boost in forward 
direction for fission fragments

ÅStudy of fission barriers for very 
exotic nuclei.

ÅBy measuringenergyof the 
proton one candeterminethe 
excitationenergyof the fissioning
nucleus.

.ǳǘΧdRIB

The main focus is on the beam!
Projectile-like products ͯ beam energy
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Inverse kinematics challenges

Typical experimental problems

ÅStrong angular dependence of 
proton energy on the LAB angle.

ÅKinematiccompressionҦ ƳǳŎƘ 
worse resolution in backward 
angles.

ÅLow intensity beams (detection 
efficiency).
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An important difference

Fission fragments

Å Target inside the solenoid 
Å Fission fragments
Å Proton follows helical trajectory and then is 

detected in a position-sensitive silicon array

better energyresolution

Ep

z
Tcyc

8

Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka



Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka

What do we get?

Ep

z
Tcyc

Ex

ʻ

excitation energy of the 
nucleus ςto study fission 
asfunctionof the 
excitation energy

angular distribution of 
protons ςto obtain the 
angular momentum of 
fissioningnuclei

OUR JOB

9

Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka



Jun 15, 2022 | Fysikdagarna 2022 | A. Kawecka

An ideal spectrometer with a stationary source

Formula for magnetic rigidity:
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Finite size detector

The beam
hasa size!!!
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Å the projection of the particle trajectory onto the xy plane

Å one of the detector planes

Åűpïthe angle between the normal of a detector plane and 

the x-axis

Å aïthe shortest distance between a detector plane and the 

center of the detector

Åɟïthe particle bending radius

The normal of the detector plane:

ὲ ÃÏÓהȟÓÉÎ‰ȟπ

The equation of the locus of the + charged 
particle when the B-field is directed along the

z-axis:
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Finite size detector
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Å The particlecan cross the detector plane 
n times

Å The hit-point is from outside->  the dot
product of the direction vector with the 
detector plane normal is less than 0
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We know:
Åά ȟ
Åά ȟ
Åkineticenergyof the projectile.

We measure:
ÅὉȟ

Åᾀ ȟ
ÅὝ . 

We want:
Å— ,
ÅὉ.
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