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SIBERIAN SNAKE FOR THE COOLER SYNCHROTRON COSY

A. Lehrach and R. Maier
Forschungszentrum Julich, 52425 Jilich, Germany

Abstract ring the beam has to be injected in a way, that the spin di-
Siberian snakes avoid crossing depolarizing resonancé gtlon of the central beam is longitudinal at the symmetry

in circular accelerators by forcing the spin tune to half inte-pOlnt of the snake to preserve polarization during the injec-

ger independent of beam energy. This concept has begﬂn process. This can be achieved if the spin is prepared

proposed by Ya.S. Derbenev and A.M. Kondratenko iin the injection beam line by additional solenoid magnets.

S . . .__Another possibility is to inject the beam vertically polar-
1974 [1]. If only one Siberian snake s used, the Inv"’m"jmitzed with snake turned off and switch on the snake after

spin axig is in the horizontal plane. This is an interesting.njection [4]. The spin vectors follow the invariant spin

feature to deliver longitudinally polarized beam to interna'ﬁ Id without polarization | if th in motion is adi
experiments. In this papers possibilities for spin prepara—e out polarization 10SSes € sp otion 1S adil-

tion at the Cooler Synchrotron COSY are discussed. abatl_c. The S”f”‘ke magnet h_as to be ra_lmpeq until the spin
rotation angle in the snake in 180 During this process

the spin tune of the central beam changes fragn = G
1 INTRODUCTION (spin tune without snake) to the nearest half integer tune

A Siberian snake rotates the spin vectors by°l8tund and depolarizing resonances are crossed (Fig. 1). To avoid
a horizontal axis (snake axis). The spin vector of the central
beam that is invariant after one turn is called the invarian k0.5
spin axis. The beam polarization is only preserved in this
direction. The invariant spin axis is parallel to the snake = k0.4 —
axis at the symmetry point of the snake, which is locatec
at the opposite side of the snake in the ring. At any othe _ k0.3
location in the accelerator the invariant spin axis is in the~*
horizontal plan with an orientation depending on the bean
energy. It takes two turns for any other spin vector to returr
to its initial direction, therefore the spin tune is half integer.
Transversal or longitudinal fields can be used to build & K L _ 7 _
Siberian snake magnet system. The spin rotation ahgle 0 45 920 135 180
in a transversal field | is given by: 2(°)

6= 1;7G/3Ldl, )
) P ~ Figure 1: Spin tune;, versus spin rotation angte £ is an
where is the Lorentz factor’z the anomalous magnetic jnteger.
moment of the proton the bending field and the bend-
ing radius. For energies below 10 GeV the orbit deviatio

K02 ———

k01—

of the beam 1o excite a Spin rotation of 180 a transver- r(l,rossing these resonances, the snake can be switch on close
sal field is intolerabl Iarp e Lonaitudinal fieldg are to half integer spin tune. If the snake is switched on at half
y 1arge. 9 I integer spin tune the spin tune stays half integer for any

only suitable for low beam energies. They have to be "N3nake strength. This is satisfied whenever the kinetic en-

creased with beam momentum to keep the spin rotation agngEkm is given by: By, = 370MeV + k - 523 MeV.
gle § constant during acceleration:

In Fig. 2 the spin motion without resonance crossing is
_1+G shown. As expected, the spin vector changes from vertical
0 = —— [ Bydl. (2 L o L
Bp direction (5,) to longitudinal direction § ;) at the symme-

In the energy range of COSY a longitudinal field has td"Y Point of the snake. At injection energy of COSY the
be used. The required field strength to build a solenoid&Pin tune isyG = 1.88. The spin motion changes rapidly
Siberian snake can be calculated using the simple formul@t @bout 66500 and 72000 turns of the protons after turn-

By dI [Tm] = 3.752 p [GeV/c], p is the beam momentum. ing on the snake at injection energy (Fig. 3), which leads
to polarization losses. The corresponding spin tunes are

vsp=1.65 andvs,=1.63. Due to the chosen working points
2 SPIN PREPARATION in the simulation ofv,=3.65 andv,=3.63 the two depo-
The COSY injection system only provides vertically po-larizing resonances,, = —2 + v, andv,, = —2 + v,

larized protons. With one solenoidal Siberian snake in thare crossed. To reduce these polarization losses the snake
Lnvariant of spin motion for the central beam, called invariant spifi@s to be ramped slower. .Tur_nmg on the snake during
field for particle in the six dimensional phase space [2, 3]. 250000 turns leads to polarization losses lower thzn 1
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Figure 2: Spin vector{;, S, Ss) at the symmetry pointof Figure 4: Spin vector at the symmetry point of the snake.
the snake without resonance crossing. The snake is turn&tle snake is turned on during 250000 turns at injection
on during 100000 turns of the proton in the accelerator. energy.
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Figure 3: Spin vector at the symmetry point of the snake.,.. .
9 b y y P o IE|gure 5: Degree of preserved polarlzatu%i versus

energy. ramping time of the snake at injection energy.

as shown in Fig. 4. At injection energy the protons nee§uadrupole doublets. Calculations have been done with
about 200 ms for 100000 turns. For normalized transverd#st order solenoid matrix and quadrupole matrix in thin
beam emittance of & mm mrad the degree of preservedlense approximation (Fig. 6). Die maximum field strength
polarization versus ramping time of the snake is shown in

Fig. 5. Atinjection energy adiabatic resonance crossing SQ SQ SOL SQ SQ
requires a ramping time longer than 0.5 s. The spin vector.

are not able to follow the motion of the invariant field if the

ramping time is shorter. Very short ramping times in the

order of a few milliseconds cannot be reached with the re1-ength (cm) 45 45 260 43 45
quired snake magnet arrangements. Calculations for differ 3 B2
ent energies and transverse beam emittances up to the ¢Field (T/m) 34.2-32.2 -32.2 34.2
ceptance limit of COSY indicate that the polarization lossesField (T) 4.9

are lower than % for ramping times longer than 1s. Angle ()  -21.5-15.2 15.2 21.5

3 MAGNET ARRANGEMENT Figure 6: Magnet arrangement for a Siberian snake con-

A solenoid field up to 12.4Tm is needed to build asisting of four skewed quadrupole (SQ) and one solenoid
Siberian snake for COSY. Superconducting magnet tectinagnet (SOL).
nology has to be used to achieve an acceptable length of
the snake magnet. The solenoid field also rotates the phasighe snake magnet is 4.9 T. The skew quadrupoles are ro-
space by 32.2 This can be compensated with two skewedated by 21.8 and 15.2 with a field gradient of 34.2 T/m
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and -32.2T/m. The length of the whole magnet syster  SOL DIP SOL DIP
is 5.6 m and would fit between quadrupole triplets in the
straight sections of COSY.

4 OPERATION MODES
There are two different modes to operate the snake:

e The snake can be turned on after injection and rampe!
during acceleration to avoid crossing depolarizing res
onances. Longitudinal polarization is delivered at the
symmetry point of the snake for any energy. This
mode is suitable for internal experiments which take
data during the acceleration cycle of COSY.

e |t is also possible to use the snake as a spin rotator.
In this case vertically polarized beam has to be accefFigure 7: Magnet arrangement for a spin preparation sys-
erated to the desired energy. The snake is turned M in the extraction beam line. Thls.magnet system con-
after acceleration to transfer the vertical polarizatior$iSts of two solenoid (SOL) and two dipole magnets (DIP).
into the horizontal plane and to provide longitudinalThe spin rotation angle in the center of mass system of
polarization at the symmetry point of the snake. Sim{he particles are.;, a3 in the solenoids and, a4 in the
ulations have been done for several energies up to tiBPoles.
maximum energy of COSY. This mode can be used for

experiments at fixed energy. This operation mode hagype 1: Spin rotation angles for different momenta to de-

the a(_:lvantage of being independent of the acceleratfyq, longitudinal polarization in the extraction beam line.
ramping speed.

p/% a1 l° | axl® | asl® | asl®
5 SPIN PREPARATION FOR 0.65 -90 45 180 | -45

EXTRACTED BEAM 2.1 0 90 90 -90
3.3 90 135 180 | -135

For certain energies a longitudinally polarized beam can
also be provided to external experiments, if the snake is
turned on during extraction. If one wants to provide lon-
gitudinally polarized beam in a large energy range a spin 6 CONCLUSION

preparation system has to be installed in the extraction Calculations confirm that it is possible to turn on a

beam line. Such a magnet system would consist of Wy aian snake adiabatically without polarization losses.

solenoid and two dipole magnets (Fig. 7). For a Magypig method can be used at injection energy to prepare the
net system with zero effective bending angle of the bearg;, ¢or acceleration with Siberian snake or at higher ener-

(ﬁ‘Q = _0‘4|) on%can show, that thle spindrptaltionl angle i%ies to be able deliver longitudinal polarization for internal
the two solenoid magnets to get longitudinal polarizatio xperiments. To provide longitudinally polarized beam in

are determined by: a large energy range to external experiments an additional

cos ag = —(cot )’ 3) spin preparation system has also to be installed in the ex-
s > traction beam line.
cot aig
tan oy = (4)
coS Q2
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