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Magnetic profile along the solenoid
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L : solenoid length
By = ponl : Magnetic field peak

nl : Ampere turn per meter

R : Solenoid radius

.ggtf;gon Lab

Sami Habet (IJCLAB & JLab) September 2022 2/13



At the entrance of the solenoid

@ We assume a particle with :

o Pk=0and P, =0
o P=PF,
@ The radial coordinate :

r = rgcos 22
Vz

@ The azimuthal coordinate : § = 0 + “V—LZZ
@ Where :

e 0y Initital azimuthal coordinate.

e rg Initial radial coordinate
o wy = 285,31 is the Larmour frequency

@ Lorentz force Fiorentzy = gV X B
o v, = % and using v = 9 = Fér + rfé; + z€; in cylindrical
coordinates we get:

vy —rw; tan( wLz )

z
Vg = rwp
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At the exit of the solenoid

@ At the exit edge of the solenoid B, # 0 — l-:é
o Avy = —nuw;
e rp is the radial coordinate at the exit of the solenoid.

AV@ = —nwp
AV& = Vaﬁnal - Veinitia/
—nwr = Vgg., — nwL
Vaﬁna/ = 0
@ The only component left is the radial velocity : v, = —riw; tan(5L%)
z
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Thin lens approxiamtion

Vz H .
° ng—Lweend up with :

Ve & —nwp

@ We simplify the previous equation we get :

r0e2 2
Vi =——5—5—085§

4v2m2y,

@ For a random variation of B, we can write:

2
vy = _re/Bde
4v2m2v,

'UCLab\/here v, = dF _ dF  dz v

dt = dz X dt . m2v2 J B*dz
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Focal length

@ The focal length is expressed by this relation :

@ From the previous formula, we can re-write:

1 e2
S=——— | B
f 472m2v22/ z
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Magnetic profile

@ Using the following solenoid parameters:

e L=0.334m
e R=0.07m
e Bp=154T

B[T]
Br[T]
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Solenoid simulation

The following formula describes the focal Iength'

2
1= [Mme} fo B? dz which equivalent to £ = [2P] fo B? dz

@ Where P is the particle momentum, which is set at P = 60 [MeV/c]|,
we get f = 0.29 m.

center of lens: 0.245 m

distance source-solenoid 0.08 m
The beam should be focalized at zs = 0.08 + 0.245 + 0.29 = 0.61 m
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GPT VS ELEGANT

x[m]vs z[m]
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Spin Tracking

@ Let’s consider a particle with the folowing spin coordinates:

e Sx=0

e Sy=1

e 5z=0
@ Using the same solenoid, the angle of rotation of the spin vector is

given by:
0 — 180 e Lefr 1 B
© m fc |v(1+a)

@ Where :

o Les is the solenoid length.

o 3=1%

e < is the Lorentz factor
e B is the parrallel component of the magnetic field to the direction of
the spin.
'.bJCLab o a =4 — 1is the magnetic moment.
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Spin Tracking

o For L.ff =10cm and B =0.02T, 8 = 0.7, and v = 1.39, we get
0 = 90 degree precession of spin.

@ Using an hard edge model to check the GPT's results :
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Spin Tracking

Spinx vs z [m]

Bz [t] vs z [m]
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Conclusion

Prediction of the focal length distance along a solenoid

The radial magnetic field has a strong effect on the rotation of the
particle in the azimuthal direction

Results obtained from GPT and ELEGANT are similar
The spin tracking in GPT match with the analytical predictions
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