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Abstract In this paper the first measurements on the stability of

Polarized, stored beams are becoming a more and time-varying spin components are reported. The practical
more important tool in nuclear and high energy physics, importance of an oscillating polarization is described some-where else [2,9]. The measurements were performed at
In order to meascre the beam polarization in a storage ring the Cooler Ring of the Indiana University Cyclotron Facil-
the polarization vector of the stored beam has to aim rev-' ity (IUCF) in Bloomington, Indiana. Recently a Siberian
olution for revolution, over a period of seconds to minutes, Snake was installed in this ring for demonstration purposes

into the same, so-called "stable", direction. In this pa- [5]. The snake consists of a solenoid which rotates the po_
per measurements at the Indiana University Cooler Ring larization by 180 degrees around the momentum axis and

(IUCF) are described in which for the first time in a stor- skew quadrupoles. The skew quadrupoles are located on
age ring oscillations of the polarization vector around this each side of the solenoid. The authors of this paper used
stable direction have been measured [1]. The existence and this Snake, the existing polarized source and the existing
the dynamics of such oscillations are, for instance, impor-
tant for a new proposed technique for polarizing stored polarimeter [10] to measure time-dependent spin motions.

hadron beams [2]. II. THE STABLE SPIN DIRECTION

I. INTRODUCTION Particle and spin motion are related to each other.
When the particle is deflected by an angle a around a

The behavio',r of polarized beams was studied both cert "a£uaxis its spin is rotated around this axis by an angle
in electron-positron storage rings [3,4] and proton storage ¢.

-2 (_rings [5]. h,-ra = GTa = '¢ ,The theoreticM description of the polarization in these 2

storage rings is mainly based on a formalism introduced
by Derbenev and Kondratenko [6] and later by Chao [7]. where g is the proton g factor and 7 the Lorentz factor.
The basic concept is the following: M1the trajectories in a The numerical vdue of G is 1.7928. Equation (1) is a

storage ring can be calculated relative to the closed orbit, direct consequence of the well known BMT-equation on
a (fictive) trajectory, which repeats itself from one revolu- the behaviour of the spin S in a magnetic field [11]:

tion to another. The behaviour of the polarization can be dS e _ x [(1 + GT)/_± + (1 + G)/_ti] (2)calculated in a similar way. A polarization vector is found -- = --
dt 7m

along this closed orbit which also repeats itself from one
revolution to another. This vector is called n-axis. For the experiment an energy was chosen in which the

The thinking in terms of an ever-recurring polariza- spin performs two revolutions during one revolution of the
tion direction is highly supported by the polarimetry used beam: G7 - 2. For a machine consisting only of bending

in storage rings. In order to measure polarization with sur- magnets the energy corresponding to G7 = 2 is 108.4 MeV.
- ficient accuracy, the measurements have to be performed A more careful analysis [5,12] showed that the solenoid

over severM seconds or minutes [8]. of the cooler also contributes to the spin tune and the

correct energy for G7 = 2 is 106.2 MeV. The solenoid of

"This work is supported in part by the U.S. Department of the Siberian Snake rotates the spin around the momentum
Energy, DOE-Grp,nt No: DF_,-FG02-91ER10644, The University axis by an angle of 180 degrees. The required field strength
of Iowa Carver Scientific Research Grant and INFN, ltMy for a 180 degre.: rotation can be derived from equation (2).



The n-axis of a machine with a Siberian Snake can be every second revolution (fig. 2). The gate is opened ev-
derived from fig. 1. cry second revolution for half a revolution. If there is no

depolarization, the polarimeter should measure a verticaJ
polarization.
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Fig. I The coordinatesystem. A spinmampulation sys-

tem in the injector channel allows the injection of the beam
in any polarization direction. For the experiment a polar- Fig. 2 The polarimeter and the gating system. The beam

Lz,ation vector parallel to the vertical direction was chosen, is directed to a carbon target and the asymmetry in the dis-
tribution of the scattered particles is measured [10]. Both

Using the coordinate system [x,s,z] defined in this fig- the horir.ontal and the vertical polarization are measured
ure and choosing _b(s)=0 at the snake, the n-_:is is at the same time. The polarimeter is gated in such a way

that data are taken every second revolution.

= 0)
Synchrotron oscillations are energy oscillations around

s is the path length of the trajectory and _b(_) is the spin the nominal energy.
precession angle. The spin rotation only takes place in
the bending magnets. The expression _b(,) describes the (-._L/) = _-.__j.')sin(w,,+6) (5)
non-uniform spin advance in the machine. \ _t / \ _r ! o

where w_ is the synchrotron frequency. Although the en-
III. THE EXPERIMENT ergy deviations are small these oscillations change the mea-

surement in the following way:
A beam polarized along the z-axis is injected into the The spin rotation in the solenoid for particles with

storage ring. The beam is cooled by an electron beam and energy deviation is no longer 180 degrees. Particles with
stored for circa 10 seconds. After this time, the beam is higher (lower) energies then the nominal energy are rotated
directed towards the target of the polarimeter [10]. The less (more) than 180 degrees according to equation (2).
target is a 4.5 mm thick graphite slab. The transverse tail This effect changes the results of the measurements
of the bunch is scattered. During the next revolutions the significantly. Due to the energy oscillations the spin devi-
center of the beam is brought gradually closer to the target ares from the vertical axis by
until the whole beam intercepts with the target (fig. 2). 1
Afterwards a new beam is injected and the measurement u = - _ sin(2_rn + A sin(2mo,_o + 6)) (6)
is repeated, n n

According to equation (3) the n-ands of the ring with when the polarimeter only takes data every second revolu-
the Snake is in the horizontal plane. The polarization/3 of tion. _0 ks the revolution time and A is a measure for the

the iRjected vertically polarized beam oscillates therefore magnitude of the energy deviations. As a result the energy
around the n-axis: oscillations reduce the degree of the measurable p._lariza-

tion. The degree of reduction depends on the ma_nitudes
/3 = po (0,0, (_l),n) (4) of A and w,. The degree of the measurable polarization

increases with w0.

where m is the number of revolutions. For a moment en- In the following the rotation angle of the solenoid is
ergy oscillations are neglected, changed from 180 degrees to 180 + /3/2 degrees. For the "

A standard polarimeter integrating over many revo- same measurement as before, equation (6) has to be rewrit-
lutions would find that the beam is unpolarized: in the ten in the following way
time average the vertical spin direction cancels. In order

to measure this time varying polarization the polarimeter u(13) = _1_ sin(2_'n + n_3+ A sin(2n_°to + 6)) (7)
has to be gated in such a way that data are taken only n ,,



is changed by changing the current through the solenoid, are separated by the amount predicted in fig. 3. The
In fig. 3 the polarization u(fl) is plotted as a function absolute height is smaller by a factor of 2 compared with

of fl (-solenoid current). Acurrent of 145.SAcorresponds the calculations. This deviation has to be investigated in
to a spin rotation of 180 degrees. A lower current means more detail in the future.
less than 180 degrees rotation and a higher current more
than 180 degrees rotation. It was assumed that the origi-
nal polarization of the injected beam was 80% parallel to In summary, it was demonstrated for the first time

the vertical direction (as in the experiment). The distance that oscillations of the polarization around the stable di-
between the center frequency and _.he two sidebands cot- rection exist and can be measured.
respends to a synchrotron tune of Q,:0.004 (at which the The authors wish to thank Prof. Cameron from the

machine operates). Indiana University Cooler Ring in Bloomington for his hos-
pitMity. We would also like to thank Prof. A. Krisch and

e._- " - 1 ' • _ t .... D ' ' ' " - his team for the use of their equipment. Two of us (II. K.

o., /_ U. Strohbusch from the University of Hamburg for hissupport and help and finally one of us (R.R.) would like
to thank Prof. Leemann of CEBAF, V'irginia for support

_._ 0.3 - and encouragement.
o
n

,_ o.2

V REFERENCES
cS o._ A A '_ - "

" v

o.o.... Y' I .... t .... i_ _
_,4 _,_ _,_ 2,7 [1] N. Akchurin e_ al., Phys. Rev. Le_., 69,1753(1992).

Sn_e Solenoid (:urrent |n hr_Oere

Fig. 3 Simulation of the measurement The injected beam [2] T. Niinikoski and R. Rossmanith, Nucl. Ins_rum.
• Methods A255,460(1987). Y. Onel, A. Penzo and R.

is 80% vertically polarized. The polarimeter measures the Rossmanith, Proc. VII International Symposium on
transverse component of the polarization. The polarimeter High Energy Spin Physics, Protvino 1986.
is gated in such a way that data are taken only every second
_evolution of the beam. The two peaks centered around the [3] R. Schmidt, AIP Proc. 252, 1991 Accelerator Instru-
main peak are caused by synchrotron oscillations, mentation Workshop, Newport News, Virginia, 1991.

[4] A. A. Sokolov and I. M. Ternov, Soy. Phys. Dokl.
Fig. 4 shows the results of the measurements. The 8,1203(1964).

position of the side peaks relative to the main peak is in ex-
ceUent agreement with the simple assumptions developed [5] A. D. Krisch et al., Phys.Rev.LetL63,1137(1989).

in equations (6)and (7). [6] Y. Derbenev and A. M. Kondratenko, Soy. Phys.
JETP 37, 958(1973)......

_ J .... I " ' _ ' I .... I ' _ "'1 [7] A. Chao, Nucl. Instrum. Methods 180,29(1981).

0.20 [8] M. Placidi e_ al., Proc. EPAC Conf., Nice 1990.

0._ _- [9] J. P. Koutchouk, CERN Internal Note SL/AP Note
16, 1991.

010 t ] [10] B. von Przewoski e_ al., Proc. 9eh Int. Symp. on

" f" IIigh Energy Spin Physics, Bonn, Sept. 1990.

& 00_ [11] V. Bargmann, L. Michel, a_d V. L. Telegdi, Phys.
• Rev. Le_t. 2,435(1959).

0.00 1 .... I .... I ..... I [12] M. G. Minty, Studies of Siberian Snakes and Depolar-
s_, soi,_o_ c_e_ _ ^"0,_, izing Resonances at the Indiana University Cyclotron

Facility Cooler Ping, Thesis, University of Indiana,
Fig. 4 The results of the measurements. The 3 peaks July 1991.






