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The influence of the iron shield of the solenoid on spin tracking is studied in this paper.
In the case of the 200 MeV proton, the study has been numerically done in the
ZGOUBI code. The distribution of the magnetic field was done by POISSON. We
have come to the conclusion that the influence of the solenoid’s shielding on spin
tracking is the same at its entrance and exit and that is directly proportional to the in-
tensity of the magnetic induction B on the axis of the solenoid. We have also deter-
mined that the influence of the solenoid’s shielding is much stronger on transversal
components of the spin than on its longitudinal component. The differences between
components of the spin for the shielded and not-shielded solenoid diminish with the
increase in the distance from the solenoid.
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INTRODUCTION

In many situations, solenoids are used to cap-
ture and contain a beam of particles. A number of
papers in which the solenoids are being studied
(see, for example, [1-4]) already exist. The solenoid
may be used to rotate the spin of a particle, the so
called “spin rotator”. Many papers on spin dynam-
ics and tracking (see, for example, [5, 6]) have also
been published. In practice, this gives rise to ques-
tions such as: how strong is the influence of the sole-
noid’s shield on spin tracking? The result worth re-
porting is an explicit answer to the previous
question. This paper deals with spin tracking
through the shielded and non-shielded solenoid, in
other words, with the influence of fringe-field shap-
ing of the solenoid on spin tracking. In both cases,
the distribution of the magnetic fields, the shielded
and not-shielded one, is done in POISSON [7]. In
order to determine how the intensity of the mag-
netic induction B on the axis of the solenoid influ-
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ences the differences in spin tracking of the shielded
and not-shielded solenoid, two cases of the inten-
sity of the magnetic induction B were taken into
consideration; the first one being B = 1.30 T, the
second B = 4.00 T. In the case of the 200 MeV pro-
ton, the numerical analysis was done by using the
ZGOUBI code [8]. Our findings lead us to the con-
clusion that in the case of ¢, = £, = 10 1 mm mrad
for the beam rms emittions in the transversal planes
(x axts 1s the longitudinal direction) and 0.5% mo-
mentum spread at half width.

THEORY
Spin tracking

The theory of spin motion is described in [5,
6]. Here we repeat it briefly.

The motion of the spin § is governed by the
Thomas-BMT first order differential equation:

S ¢

— =1 5xQ 1)
dt ym
where 2 is the spin precession given by:
Q=(1+yG)b+G(1-y)b (2)

where ¢ is the charge of the particle, m — the rest
mass of the particle, y — the Lorentz relativistic fac-
tor, G — the anomalous magnetic moment of the
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particle [5, 6, 8] (for the proton G = 1.7928), b—the
magnetic field, by— the component of b which is
parallel to the velocity v of the particle.
Letb = bl and v =i, ds = v dr s the differen-
tial path, Bp =ymv/q is the rigidity of the particle.
Introducing the derivative of the spin with re-
spect to the path:

S’ _ds_1d§ (3)
ds v dr

as well as B = E/Bp and B’” = l;“ /Bp, and

e, = =
o=—=(1+yG)B+G(1-y)B (4)

Bp

eq. (1) can be rewritten as follows [6, 8]:

S'=Sxd (5)

This equation is then solved using a highly
symplectic numerical method based on the trun-
cated Taylors series [6, 8].

Numerical method

The symplectic numerical method is based on
the resolution of the equation by means of the Tay-
lor expansion. In the case of eq. (5), from the values
of the magnetic factor @(M ) and the spin S(M ;) of
the particle at position M, of its trajectory, the spin
S(M,)at position M, following a displacement ds,
is given by the Taylor expansion:

o o ds d%s ds?
S(Ml)=S(M0)+5(M0)ds+?(M0)7+

d’s ds® d*S ds*

+ S22 E 2 v &
ds3( 0) 3 ds4( 0) 41 (6)
. . _'(n) _ dng -
The derivatives S/ == of Sat M, are ob-
tained by differentiating eq.d(YS)

S =8Sxad (7a)
S"=8"xd+8xd' (7b)
S"=8"x®+28" x& +Sxd" (7¢)

S =8"x@d+38"xd +35"x&" +Sxd" (7d)

where the derivatives @™ = d"@/ds" are obtained
from eq. (4).

The next step is getting B” and its derivatives.
This can be done in the following way. Let @i =V/v
be the normalized velocity of the particle, then:

By =(B-ii)i (8a)
Bj =(B'-ii+B-iyi+(B-ii)i (8b)

Bj =(B"-ii+2B'-ii’' + B-ii" )i +
+2(B'-ti+ B-it')il' +(B-ii)i" (8¢)

etc. where BI(In) = d”B” /ds”.

The last point consists in geting i, B, and their
n™ derivatives. This can be done by means of the
Lorentz equation which governs the motion of a

charged particle g, mass m and velocity v in mag-
netic field b:

d(mv)
dr
Taking u =v/v,ds =vdt, i’ =dii/ds, my =
= mvii = qBpii where Bp is the rigidity of the particle,
B = b/ Bp, the Lorentz equation can be rewritten:

qvxb (9)

i =iixb (10a)
From eq. (10a) we have:

=/

i"=ii'x B+iix B' (10b)
0" =i"xB+2i'x B +iix B" (10c)

1211/ :ﬁ”,XB+3L7”XB'+
+3i'x B" +1ix B" (10d)

where B™ = d"B/ds".

From dB _ 9B dX+@dY+ﬁdz =
)¢ oY o4

-
=zﬁdXi (see [6, 8]) we get:

i=1 i

3
B' = 11a
i:ZlaXi i (11a)
- 3 2p 3 D
B":ziuiuj+zﬁu; (11b)
ij-1 0X; 0X; i1 0X;
~ 3 35
PO B
ijk=1 0X; 0X; 0X)
3. 0’B 3, 0B
43> ————uju; + ) —uf 11
Zaxax, Mt R 119
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S ‘B
BIV — W-U:U, U +
i,j,glzl 0X; 0X; 0X, 0X, Wl g

o°B
+6 z a&x; a&; ka
i,j,k=1

~le +

3 2p
+4y ﬁu;’uj +

ij=1 0X; 0X;

32 'u’»+i8—]§u‘” 11d
laan itay M (11d)

L

Now, using egs. (4), (7), (8), (10), and (11),
eq. (6) can be solved numerically.

RESULTS

Magnetic field distribution

The numerical results presented here regard a
solenoid of a length of L = 80 cm and with the Bore
radius of R, = 8 cm . Other dimensions regarding
the shielded solenoid are presented in fig. 1.

The distribution of the magnetic fields, calcu-
lated by means of POISSON with the mesh spacing
of 1 mm, are presented in fig. 2, in the case when
the solenoid is shielded (dotted line) and when the
solenoid is not shielded (full line).

Spin tracking

This analysis has been carried out by means
of the ZGOUBI code in the case of the 200 MeV
proton beam of ¢, = ¢, = 10 © mm mrad for the
beam rms emittances in the transversal planes (x
axis is the longitudinal direction) and 0.5% mo-
mentum spread at half width. We have consid-
ered the case when the starting value of one of the
transversal com oncnts of the spin equals one
(for example, Sy =0, S =1, 5" =0, see fig.
3), as well as the one When the startmg value of
the longitudinal component of the spin equahng
one (S =1, 8 =0,5{" =0, sce fig. 4).
tigs. 3 and 4 the Varlables ASy, ASy,andAS,, are
defined as the differences between correspond-
ing components of the spin for the shielded and
not-shielded solenoid.

From figs. 3 and 4 it can be deduced that the
influence of the solenoid’s shielding on spin track-
ing does not differ at its entrance and exit. It is
also possible to conclude that the influence of the
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Figure 1. Sketch of the shielded solenoid. The dimen-
sions are in centrimeters

solenoid’s shielding on spin tracking is directly
proportional to the intensity of the magnetic in-
duction B on the axis of the solenoid and that the
influence of the solenoid’s shielding is much
stronger on the transversal components of the
spin compared to the longitudinal one. The dif-
terences between components of the spin for the
shielded and not-shielded solenoid fade with the
increase of the distance from the solenoid.
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Figure 2. Distribution of the magnetic fields, calcu-
lated by POISSON, on the axis of the solenoid in the
case when the solenoid is shielded (dotted line) and
when the solenoid is not shielded (full line)
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HMparan TOITPEK

YTULAJ I'BO3AEHOI KYRUIITA COJEHOUIA HA
OPUJEHTAIINJY CIIMHA

Y paay je pa3marpaH yTHI] TBO3[AEHOr KyhuWIITa cOJeHOWia Ha OpHWjeHTalujy CHuHa
HaeJIeKTpUcaHe YecTule Koja ce Kpehe kpo3 conenoupi. Pesynraru cy fooujenu kopuitherwem ZGOUBI
nporpama, Koju KOPUCTU HyMepUuIKe METOJie 3aCHOBaHe Ha pa3Bojy y TejmopoB pef, y ciaydajy IpoToHa
enepruje 200 MeV. [luctpuby1yja MarHeTHOT OJba JIy>K COJIeHOu A Io0ujeHa je KopullthemheM nporpama
POISSON. ¥YTuiaj reo3peHor Kyhuiirra coJeHonia Ha OpujeHTaIn]y CIIMHA je MCTa, KaKo Ha yJia3y, Tako
Ha W3J1a3y U3 COJICHOWMIa M AMPEKTHO je MPONOPIMOHAIHA UHTCH3UTETY MarHeTHE MHAYKIMjE TYK Oce
coJieHoujia. Y THIaj KyhuilTa CoJIeHOU/a je MHOTO jaud Ha TpaHCBep3ajHe KOMIOHEHTE CIMHA Hero Ha
JIOHTUTYUHAIIHY KOMIIOHEHTY. Pa3nnka y opujeHTanmju CiuHa y cily4ajy cojieHoupaa ca u 6e3 Kyhnumira
omafa ca moBehameM pacTojama IyK 0ce COICHOn .

Kwyune peuu: ciiun, conenouo, egpexiti Kkpajesa




