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ABSTRACT
We discuss the generalized snake configurations, which offers either the advantages

of shorter total snake length and smaller horizontal orbit displacement in the compact
configuration or the dual functions of a snake and a 90° spin rotation for the helicity
state. The generalized snake is then applied to the polarized proton collision in RHIC.
The possible schemes of obtaining high luminosity are discussed.

1. Introduction

Recently, K. Steffen1 has discovered a family of snakes with the magnet sequence
as

S = (-H, -V, 2H, 2V, -2H, -V, H) (1)

where H and V are respectively the horizontal and vertical bending magnets. To satisfy
the snake criteria, the sequence of magnets must not alter the particle orbit outside the
snake and the spinor of the particle is transformed according to e' ?• "•", where <p is the
spin rotation angle and n3 = (cosy>j,sin<,3j,0) is the snake axis. A 100% snake rotates
the spin with angle y = n. A 90° spin rotation corresponds to ip = TT/2. A partial snake
corresponds to \ip\ < ir.

An interesting feature of the Steffen's snake is that the snake axis <pa and the spin
rotating angle <p can be varied by varying the excitation of H and V magnets, i.e. for
ip — 7r, we obtain

cos2 ipy + cos 2V>i sin2 ipy = 0 (2)

sin<^4 = i/2cosV>x (3)

where ipx and rj>y are respectively the spin rotation angle of H and V magnets. The
relation between ipx and ipy in Eq. (2) ensures the snake condition of the magnet
sequence and Eq. (3) determines the snake axis. Figure 1 shows rj)z, ifiy relationship of
Eq. (2) and <p, vs. \l>y. When tp, = 0, or 7r, the snake axis is along the radial x axis.
The total integrated magnet strength is given by

Bde = 1.746(6i/>r + 4ij>9) [T - m] (4)
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Figure 1: Spin rotation angle of H, V magnets, ipx, ipy is shown for 100% snake,

and the corresponding orbit displacements are given by

Dx = (ix+ey+2eg)^ ;Dy = (2 ex+ly + 2£g)^- (5)

where £z, £y and £g are respectively the length of H and V magnets and the distance
between the adjacent magnets and where G = (g - 2)/2 is the Pauli anomalous g factor.
Since the lengths of the magnets £x, £y are given by

ex>y = 1.746
B[T] (6)

where the magnetic flux density B is in Tesla, therefore the orbit displacement is in-
versely proportional to the magnetic field strength of the dipole.

The advantage of the StefFen snake is that the snake axis ns can be changed con-
tinuously by proper ij>z, il)y excitations. However, the snake configuration suffers the
rigid structure of magnet position, i.e. the total length of the snake is given by

L = 6ex + 4ey + 6eg + [ez + 2eg], (7)

where extra free space in the bracket of Eq. (7) is wasted. On the other hand, if the
snake can be divided into two parts, then the snake can be fitted into two adjacent
straight sections. In this case, the helicity state of the particles at the mid-section
of the snake can be achieved. Such a modified snake configuration has been worked
out recently.2 In this paper, we apply the idea to study the possible polarized proton
collision mode in RHIC (the Relativistic Heavy Ion Collider). Section 2 reviews the
modified snake configuration. Section 3 discusses the AGS-RHIC requirement. The
conclusion is in Section 4.

2. Review of the Modified Snake Configuration

The essential feature of the StefFen snake is the symmetric arrangement of vertical
bending magnets and the anti-symmetric horizontal bending magnets. These features



can be preserved in the following modified snake configuration

Sm = (-H, -V, mH, 2F, -mH, -V, H)

where the number m is determined by the geometry. Figure 2 shows the schematic
drawing of the magnet arrangement, where rn is given by the geometric condition

(8)

Figure 2: Schematic drawing of the modified snake configuration.

The spin rotation angle tp and the snake axis angle (ps are given by

+ cos mij)x sin2 rj>y

— sin-

cos — = cos2

cos i
COS!,?, =

(9)

(10)

Note that mij)x and ipy are the relevant variable in determining ip and <pa.

2.1 The Compact Snake Configuration

The compact snake configuration corresponds to the parameter d = 0. Depending
on £x, £y and £g, m can be determined from the geometric consideration. For example,
assuming B = 2 Tesla, tg = 0.15 m and ipa = 180°, we obtain m=2.334 with a total
length of 11.48 meters for the compact snake configuration in comparison with a total
length of 13.54 meters for m=2 configuration. The compact snake configuration saves
about 15% of the total length. Besides, the total / Bdt and Dx are also reduced.

2.2 Split Snake Configuration

By adjusting the parameter m, we can obtain proper distance 2d between the two
halves of the snake. The orbit displacements at the middle of two halves of the snake
can be corrected by a orbit shifter of (—V, V) at both ends of the snakes. However
when the distance Id becomes large, we will have m~l. Obviously, the total length
of the snake and the radial orbital displacement increase as well. Such a split snake
configuration would not be practical for the insertion detector area. However the split



snake can be fitted into two adjacent straight sections separated by a quadrupole. Such
a snake configuration ease the design criteria of the low energy (< 30 GeV) accelerators.

To fit a collider IR onto the space between the split snake, the snake configuration
shown in Fig. 3 is most appropriate.

Figure 3: Schematic drawing of the split snake configuration.

The advantage of the split snake configuration is that the spin in the mid section
of the snake will be on the horizontal plane. Thus such a snake serves a dual purpose
of being a snake and a spin rotator for the helicity state experiments. For a spin up
particle passing through the half snake, the spin orientation becomes

Sx = = sin2 ^ ; Sz = 0 (11)

where m = 2 for the snake configuration shown in Fig. 3. Because of the horizontal
orbit compensation magnet, the spin is further rotated ipx angle around the vertical axis.
Thus by changing t/>x, iby excitation, one can study helicity experiments or transverse
spin experiments in the same IR. Such a scheme can save the need of four spin rotators
in the polarized proton experiment.

3. Polarized Proton Collision in RHIC

To achieve a good luminosity in the polarized proton collision in RHIC, we must
try to achieve the following parameters:

NB > 1011; CN < 20 jrmm - mrad

where NB is the number of particles per bunch and ejv is the 95% normalized emittance.
To achieve these goals, 20 linac pulses accumulation in the Booster is needed. These
polarized protons are then accelerated in AGS to reach Gf cz 48. Partial snake in AGS
was studied recently3 to correct the imperfection resonances. We foresee no difficulty
in reaching G-y = 48 with about 50% polarization.

Once the polarized proton reach Gj ~ 48, the beam can be transferred to RHIC
without depolarization.4 The depolarization resonance strength in RHIC is shown on
Fig. 4, i.e. the important resonance location will be

K = 81n ± vB\ vB = vy - 6 (12)

where UB is the phase advance accumulated across the dipole cells. The maximum reso-
nance strength will be of the order ex < 0.5 for ejv < 10 IT mm-mrad. The imperfection
resonance will be of the order 0.06, when the closed orbit is corrected to within 0.3 mm



rms. Careful numerical simulation and analytic study5 indicates that two snakes will
be sufficient to maintain the spin polarization in RHIC. Using the concept of Section
2, one can employ two snakes in each ring. The corresponding luminosity at the top
energy of 250 GeV is given by

£ - 5 . 7 x l O 3 1 ^ ^ cm 2sec * (13)
(JYI207J

6x8l-v-

Figure 4: Intrinsic resonance strength for RHIC for ejv = 10 TT mm-mrad.

where B is the number of bunches in each ring. Note here that the importance of smaller
emittance in obtaining higher luminosity. The luminosity will gain a factor of 4 when
the emittance is smaller by a factor of 2.

4. Conclusion

We have made feasibility study for the possible polarized proton operation in RHIC.
The important tasks are:

1. multi-pulses accumulation in the AGS-Booster with small emittance,
2. accelerator through AGS to reach Gj ~ 48, where the transfer line be-

tween the AGS and RHIC is spin transparent, and
3. construction of four snakes in RHIC.

When these tasks are accomplished, the polarized proton luminosity will be larger
than 5x 1031 cm~2sec~1 at ejv = 207T mm-mrad. By carefully maintaining the emittance
at 107r mm-mrad, the luminosity can achieve 2 x 1032 cm~2sec~1, which corresponds to
2 interactions per crossing.
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