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Abstract care must be taken to keep the beam polarization decay as

Applying a Siberian snake to obtain longitudinally polar—.SIOW as it is required by experiment needs. The depolar-

ized electron beam is discussed. Depolarization effects é%&“on rate is described by the well-known DK formula[7]

analysed and spin matching conditions to decrease the §&

polarization are derived. 1 5v/3 e2hryP .
N 8 m2c3
1 INTRODUCTION . 1 2 .. 11

Siberian snake was invented at mid-70th mainly as a mean
against spin resonances which can destroy the beam p°|ar§/vhereﬁ is a periodical spin solution] = v2& vector
L . =73 )
|hzat|(t))n n tcm;u:jar agcele;atorz[l]. I?_ecclalnt_ly this (_:onc?pt is bending magnet curvaturg,is an unit vegtor in the

as been tested and confirmed practically In a Seres of €ie +tion of particle velocity. The average is taken over the
periments carried out at the [IUCF cooler ring[2].

: . ring azimuthd and, generally, over beam distribution.
queyer, .th_ere IS anqtr_]er 'mp‘?”ar.‘t area Of. th? snake The reduce of the depolarization timeis completely
app.hcat|on3 itis fgr obtammg Iongltgdlnal polar_lzauon atdetermined by the value of the spin-orbit coupling vector

an interaction point. First longitudinally polarized elec—d_ At the first-order approximation thé vector is orthog-

tron beam was obtained at the energy of 27 Gev on th&nal tof: d — Re(iDij*) wheren is an eigen solution of
HERA electron ring where a pair of spin rotators was in-

X . . spin motion equation orthogonal fa In general case the
stalled ?“’“.”.d the interaction point[3]. Howeyer, such th pfunction ca?w be represe?]ted as a sSm of two contribu-
method is d|ff|cultt9 apply when beam energwslqwerthg ons: D = D, + Dj. HereD. comes from the direct
10 Gev becau-se d|polg magnets of the rotator will p.rov'qgependence of the vectér on the particle energy while
enormous orbit excursions msuje the rotators. The Siberi s results from a jump of betatron amplitudes during an
shake is a special kind of a spin rotator which rotates PaLi

ticl in by180° | d a direction ving in th ssion of a quanta.
icle spin Dy angie around a direction lying In € v consider a practical case when there is no dispersion
horizontal plane. This direction is called by snake axis

~in the insertion regiony, = v, = 0) and the coupling

An insertion of Siberian snake with longitudinal snake axig ..~ 4 .~ by the solenoids is fully compensated by the in-
provides automatically the longitudinal beam p°|arizati°'§ertion quadrupoles. For the snake locatef)atr we

on aring azimuth opposite to the snake insertion. Such tain the expressions fé, g outside the snake insertion.

snake can be naturally perfqrmed with the use of solenow.jzr\. e D, does not depend on internal structure of a snake:
magnets. For a compensation of betatron modes coupling

introduced by the solenoids, the snake must contain also
quadrupole lenses (normal and/or rotated)he first ex-
periments with the solenoidal Siberian snake for obtain-
ing longitudinally polarized electrons was carried out at the
AmPS storage ring at NIKHEF[4, 5]. and demonstrated th@hereH, and< H. > are the vertical field and its average
success of the given method. value over ring azimuthy, = va.

The AmPS ring is operating in 300-900 Mev energy The form of the expression fdp; depends on a number
range. When using a Siberian snake at higher energies agfesolenoids used in the snake. For instance, for a snake
must take into account a sharp depolarization increase wigantaining one solenoid:
energy.
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In fact, the use of one Siberian snake leads to an unusual sit-
uation when the direction of the beam polarization is in hor- , , , .

izontal plane everywhere over a ring excepting the snake iﬁ{hgre 120 @nd fr,, are first mode Floguet function
self. In this case the Sokolov-Ternov self-polarizing mecherivatives taken at the midpoint of the solenoid and

_ I g
anism does not work and, on the other hand, a depOIarl@rgvzl()_sg(Télr/:gidsfézﬁie was applied at the AmPS storage
ization mechanism caused by quantum fluctuations of sthg This compact snake, designed and builded at BINP

chrotron radiation is considerably enhanced. Thus a spec o i : .
ovosibirsk), uses two superconducting solenoids with up

1A general method of solenoid compensation is described in[6] to 7.5 T field and five compensating quadrupoles:
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Here 60l) stands for solenoidsf1,sq3 are quads rotated
by 45° and @) is a normal quadrupole. For two solenoids
shake one finds:

VT TV *
D = ~Jaonwy L5lm0) (€™ JOGL) + 5
+ iIIn(eiW”G}FZJ(e))} (2)

whereGy, . = f}m(out - fl. “(in) is the difference of
the first mode Floquet function derivatives at the entrance
of the first solenoid and at the exit from second one. Also

each solenoid has been treated here as having infinitely 0 100 200
short edges. In the above expression a point just after the m
first edge is called by the solenoid entrance and a point just

before the second edge is called by the exit. 10

Unlike the D.,, the Dy contribution depends on lattice
functions. In particular, this fact causes the dependence of
the depolarization time on horizontal betatron tune and on
any manipulation with optics of the storage ring. For ex- -
ample, in the Figure % is drawn versus horizontal tune for
AmPS snake for two possible sets of gradients of compen=

. o 5 -
sating quadrupoles. —
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vV therefore:
f;x(out) = f;x(ML)? f;z(out) = f}z(in) (3)

Figure 1: The dependence of depolarization time on the |t yrovides some relations on elements of transport ma-

horizontal betatron tunéy = 0.9 Gev,v. = 7.25. Circles iy petween the solenoids. Such a snake can be called a

for normal scheme, pluses for reversed gradient scheme.spin matched snake on the analogy with spin matching con-

o ~ cept, introduced for spin rotators [3]. Actually in the con-

The contribution ofD term to the depolarization time gjdered case we have only partial spin matching since it is

can be comparable or even larger than the contribution rgpt possible to cancel the contributionf.

sulting from D,,. Figure 2 demonstrates thé| variation  The simplest variant of spin matched snake is a scheme

along azimuth of AmPS ring again for the two possible set§here the coupling compensation is carried out by six nor-

of snake quadrupoles. At the top picture the causes ma| quadrupoleyl-6) inserted between two solenoids:
large oscillations ofd| in the magnets on background of

smooth variation oD,,. At the bottom pictureD s is small sol q1 g2 g3 g4 g5 g6 sol
enough and this variant provides considerably larger depgom the relations (3), taking into account the transforma-

larization time. tion of optical Floquet functions on solenoid edges, one can

_ In order to increase the depolarization time and avoifl,q that a transport matrix of the whole snake must have a
its dependence on the ring optics one should apply snaks, -

scheme that cancel3s term. For the case of two solenoids I 0
shake such the snake must provide, = G, = 0 and, 0 —J
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6 in bending magnets. For a snake with two solenoids this

10 E projection is:
- __msin(mvg) | vomcos(mp) P .
10° g dz = 2 + 4 cos(mvy) Im (e J(0)G)
- Thus the value of polarization and its sign depends both
@10t L on the beam energy and, for an unmatched snake, on the
= E ring optics. In the Figure 4 the equilibrium polarization
B dependence on energy is demonstrated for two variants of
10° L AmPS optics.
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Figure 3: The depolarization time versus beam energy for o 0.0
the VEPP-4 with matched snake. o '

wherel is the identity matrix. The strengths of the insertion -0.1
guadrupoles are choosen to provide such the matrix.
Applying the matched snake increases the depolariza-

tion time. Nevertheless the depolarization time decreases  -0.2 ‘ ‘ ‘ ‘ ‘
rapidly with energy: 04 05 06 07 08 0.9
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Figure 4: The equilibrium polarization versus beam energy

where 7, is self-polarization time calculated when thefor two variants of the AmPS ring with, = 8.3 (solid)
snake is switched off. andv, = 9.2 (dashed).

For example, in the Figure 3 the dependenam beam
energy is shown for the VEPP-4 storage ring with the spinSpin-matched Siberian snake provides higher level of the
matched snake. Thus for typical electron storage rings quilibrium polarization, but even in this case at energies

this energy range the use of this method of obtaining longhigher than 1 Gev the equilibrium polarization level be-
tudinally polarization is restricted to the energies below 3omes very small:

Gev.
Py~ 723 sin2u07r 072 sin ZQTF
3 KINETIC POLARIZATION 55 vy Yo
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