i PLEES P o
WA e gt L e

Z
TBAL, AN Aoy, Row

3 . I . o AV N .‘b}’
¢ w ’2 %,7 Bt K\*c:‘j' - = o {7 (,,/\'/ C/\-D K» i.,; i:,f‘i/Q ? TN _,‘\

Ve
Ny v e s pr
(z . j&@; F ] -lg”:' 93 :C_i/’ ™ - MpaNre /4"‘/\/
’ H 3
i .

Mf {}l 5) 7 A P (f‘) "L;jyg\ & /ﬂgf
'Z"l 35 _& (VS5 ES %ﬁﬁf ?/Mﬂ.ﬁ ’Mf Ly b

4 g 5/;:/;»‘ 23
A @g’ @Z//ﬂ/y YA @Q/Q ,ﬂ; p e @) AL T
& = ’

N
3

it Wh. ST Lot ladferm S0

| Aceording Yo Sfirmala (22) of NoT #2

h _ (1+a)Bro
(i) (B BE, TS
._.3“ e@,s%a/zf |

my Sﬂn/é ZaA G LR rr7 ”? M,o&

O&WQ%UQ’M bt oL A. %&M/Lo




Witk respect-do Spinfbeam
mméﬁ /3 c_éw W%

W@&-Zew/ %;w/msaj Cavf&ém

X, 3, S Gre necs ¥ Meyua/&s
(A ﬂﬁa—@&m /'S ke cre
3l Sorees ﬁv Sprses 7 |

-? o /;uf‘-e, ﬁ-»md afl/.;f@ac4
Z:'mfalg{ém Sormesdinces, Vhe neakex apgproaet
7S e Wﬁfe@/s‘e (SOMC& Ve 5‘//;7 &5 s
a7e &W/

== e

@;{ ﬂﬁf’“@wm plares, Huwnsaces,

“ewess ”.
dives, @‘—aﬂf"f@cm@%@; %W o e

sr g Lot 5S af Yhe Heeded rec “y $rD#7C
@W < 7‘4@//“/847/3 -~

A 2 it Loy e N, ) 3 ST . 3 e
TECE 3971 277 267 o C”/jL e %’b/zf‘ i

We must fwm&r alds W
partictas "lnes” OnGy fields.
ﬂwn#rre rdey /st s
#‘Mw /eea/ 2w r'vA
e 24-2/2 aﬁ Q o!eﬁnd Frxes

pa“Q IJ‘



W . o:)roax'/&l %M W‘M’?% a2
Wa]@w%m“z%) r@@,%&, @-eam).yk
(Avfensivety discussod Ja g Lag. in REOH)

Over ru\%lwce, P—ean'e, (o—-r 0#% rolovaet

?W’/'P““&) s asbeiwed Yo definod @3

WW ar o covrolirnaXe ‘"ex/’s” /s also |
dz%'w %M’ ., L& car or WM{"’
e a ferwre aehual clssed o7t
For example V4his closed curve

7S Vygwwwv)t‘ ad a baos VQ? a coprdinals
%J_Qm) Lot M&— a *eak closes!
028t aryieles
Thes: whatever 2 ot f a
Loolids, and Outile clomessts, Yhis
/ 1, A coprd S rialey restern  Lbuw
%ZZ:%M df Vlsde 2‘/ , The Fules M%
P the o are defined



7jw /S~

The forndariom of e ring: ratually
separele, independant $uld-foecndations
foo every éewj eleveeny Gke a B+&).

(e hace, Seesr N'23R  Such Su@—prenutos.
Le# D) , M=l 2

),../32/ Ko Shree

| ' rd Ao
=) =< a, -(—%le‘
| =

S 2
QN =3 )BT

re=s

(a/* N = B>
[d[c ;/@t/el%‘—:g@%)

2, =L T

Let Vh), n=1,2,..,32, are retarm
omgles arovnd racl@el axes.
Thaw Sh)= 8,(n)/B,

%BJ”) =0



t;r"‘. \:—Q\ ,
i
/ §
’k ‘\i ;,'

<B 's) S (s)\ #O




et ther b abse indepened
perterbestiovns (Cocal w"aemé%i)
of He@-2) carnceblarfivn:

Sa’a'_ = gac{ n)= <S’¢u¢> +%§%)‘:e¢‘2f£ﬂ

o
(g%)k =[8¢%L/€ ::./(/ I’(gﬁd_‘:)"

Pesonances feteweern the Samce
ﬁmmmrcs oﬁ S‘wab ant B a/re
Mo,%&d I 47 NeZe. RéG .

For a /é'Veh Z) Lhe espcebedson
Vatbeees are |

Gl (@)= by ws@akyT) (b t) oty )
- Sy, =ﬁ @
.19(7,‘)‘-'-‘*‘-' 23 £)/8, =_§;¢oéf2&‘é27”¢) () #2%)
Iz W =
' (71 “smooth " Cppronimardion)




o
.

g
-3
4 9 !

\
)

S;: SL_/'}" . | &) \j/‘"j

s denotes the lab-, and‘ s; the rest-frame’ él_::in. All this leads to the following spin

equations:
ds; | dt = sy, cos2mkt/ T, _ . (10)
dsi | dt =56, cos2nkt | T + sy, cos(2nkt / T + 9), (11)
dsi, | dt = ~sy, cos(2dt 1T+ ). )
Here
o, = eb(l+a) Imey, (13)

while 277 / T = @, the muon revolution frequency, so 2nkt/ T = k.

Consider first the case ¢¥0. In this case, equ‘ations'(IO)-(12) have a simple
analytical solution from which we can see that the per;urbatioﬂ B,(?) v%ith*the,hsame
frequency and phase as @, (), see (6), (7) is not dangerous. To get the sc;lution we can
simply introduce a new variable u, du= dt -cos2mkt! T, after which we have equations
with constant coefficients. I will show here only the solution for s, (#), our main concern.
If the initial tim_e t, =0, and the initial spin projections s7,(0) = sy,,, 5z(0) = 5%, , then for

¢ =0

o ow’ +
Sy (1) =555 — Sge L[l— Y

ror | 6tka)’ sinzka)cthin kot . (14)
' In (14), there are only small fast oscillations of the vertical spin around its initial value.

| The situation is radically different when ¢ #0. The out-of-phase mode of B,
bsing-sinkw ¢ in this case, since we define the a)a~osci11ations as o, =-5coa coska .t ,

rotates spin in the vertical plane. Let us consider a case with-'only this mode. The equations

now are:
ds; | dt = 53,00, coskat : (15)
ds; ! dt =—5,60, cos k.t — 5,0, sin psin kot (16)

ds),| &t =sio, singsinkos - (17
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There are no variables now that can help to simplify thé equations. The solution of (15)-

(17) can be found, however, as an itfinite Fourier series. The preliminary analysis had
shown that this series is a sum 'of terms with a l_ow frequency connecting only the
‘longitudinal, 57 , and the vertiéal, s}, projections, and terms with high frequencies of the
orders k., 2k®,, etc. Thus, assume

SL() = 8] 1 (D57 1, (D5 sy(B) =5y, (D +5y (D). - (19
In the first approximation, we can neglect the time derivatives of the slow functions. This

immediately gives us the first approximation for s%, which is a fast function:

0w, . a, .
Sp(t)=— po 57 tow smka)Ct + ;é—s{,_,,ow sing coskaw,t . (19)
c ' [ .

Substituting this into equations (15) and (17), and keeping there only slow functions (in

this first approximation), we get equations connecting the vertical spin projectigii“@vifﬁ the

longitudinal one. '
, 0,00, ,
dSL. slaw/ dt = 2?{ wc Sln_¢ * SV,slow (20)
, ®,00, . ,
dSV,slaw/ dt =~ 2; o, Sllllﬁ' 81, slow* . (21)

Therefore, the muon spin in this case is rotated in the vertical plane with the angular

0,00, sin . B '
Q, =|"’42%5C—‘3l. L % [53 | wc 22)

frequency

It is amazing that the spin rotates around the radial, not the longitudinal axis—as a result of

the combination of the "oscillating rotations" around the longitudinal axis (perturbation
@, ), and the "oscillating rotations" around the verticalA axis (perturbation d@,).

»Tl’le next approximations are not important. The technique of separating slow and
fast oscillations that I have used here is a Weﬂ-known one; it was apparently first developed
by Lyapunov (in the middie of the 19th century) and then by Bogolyilbov and others (in the
 middle of the 20th century). |
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