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Abstract

During the summer of 2002, eight superconducting heli- Rotator So
cal spin rotators were installed into RHIC in order to con- \
trol the polarization directions independently at the STAR
and PHENIX experiments. Without the rotators, the orien-_
tation of polarization at the interaction points would onlyF19uré 1: Layout of rotators around PHENIX (or STAR)
be vertical. With four rotators around each of the two exNteraction region.
periments, we can rotate either or both beams from vertical
into the horizontal plane through the interaction region and
then back to vertical on the other side. This allows inde-
pendent control for each beam with vertical, longitudinal,
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or radial polarization at the experiment. In this paper, we Y W
present results from the first run using the new spin rotators 5;0
at PHENIX. g

INTRODUCTION ‘a‘ 1\‘| | \‘
0° Ll \ |

The Relativistic Heavy lon Collider (RHIC) has the ca- 0 05 1 15 2 25 3 35 4°
pability of colliding polarized protons[2, 3] in the energy ° B1[T]
range of /s from 50. 0 50.0 QeV. In each of th_e cc_)lllder Figure 2: The helical rotators rotate the spin by an angle
rings there are a pair of Siberian snakes to maintain polafz 5t an axis transverse to the beam as shown in the left
ization during the energy ramps. The stable spin direCtiogiagram. The plot on the right shows contourg:ainde,
in each ring is vertical with spin up between snakes in ong, angle of the rotation axis from theaxis for various

half qf the ring and spin down ir_1 the other ha_lf. settings of fields in the inner and outer pairs of helices.
This year we have been running (Run 3) with 55 bunches

of polarized protons in each ring &00 GeV per beam.

Individual bunches are injected with either spin-up ©r  namics in the rest of the rings. For longitudinal polariza-

spin-down (). In one ring the pattern alternateés— + —  tion the incoming rotator rotates the spin from vertical into

.-+, and in the other ring the patternis+ ——- - - toallow  the horizontal plane. Between the end of the rotator and
for all four possible incident polarization combinations.  the interaction point are two horizontal bends (DO and DX)

Each ring has a Coulomb Nuclear Interference (CNI) pofor bringing the beams into collision. There is an energy-
larimeter which measures the transverse asymmetry of cafependent net rotation of the polarization about the vertical
bon nuclei recoiling from a thin carbon filament which canaxis: aboutl0° at injection (24.3 GeV)40° at 100 GeV,
be moved into the beam.[4]. The asymmetry is due to aand100° at full energy 250 GeV. On the outgoing side of
interference of the Coulomb and nuclear parts of the crosge collision point, the DX, DO, and rotator magnets re-
section. The STAR and PHENIX detectors are betweeyerse the spin precession so that from rotator to rotator, the
snakes in the same half of the rings, and CNI polarimeinteraction region (IR) is transparent to spin.
ters are in the opposite half; so for a bunch of protons with
spin up as measured by the CNI polarimeter, STAR and PHENIX LOCAL POLARIMETER
PHENIX would measure spin down.

There are four spin rotators (Fig. 1) around each of the In order to have a verification of polarization direction at
STAR and PHENIX interaction regions[3]. With the four the experiments, both PHENIX and STAR developed local
rotators around each experiment we can rotate the polgselarimeters for measuring transverse components of the
ization locally to obtain longitudinal and radial polariza-polarization. When the polarization is longitudinal the lo-
tion at the collision point without affecting the spin dy- cal polarimeters show no transverse components while the

*Work performed under the auspices of the U. S. Department of Erg\II polarimeter measures a nonzero vertical component

ergy (contract # DE-ACO2-98CH10886) and RIKEN of Japan. on the other side of the ring. _
T waldo@bnl.gov The PHENIX Local Polarimeter was based on experi-
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Figure 3: Left: Layout of the local PHENIX polarimeters _o o,
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around the interaction region. Theaxis (vertical) is out of 900 o 0
the page; each local polarimeter has a right-handed Carte-

sian system with-axis pointing along the corresponding Figure 4: PHENIX local polarimeter measured asymme-
beam direction. Right: definition of the left-right asymme-tries with the rotators off: left is for the Blue ring, and right
try indicating a polarization tipped away from the verticalis for the yellow ring. The curves are fits of a cosine func-
axis by an angle. tion to the measured asymmetries. The positive peak at

¢ = —m /2 corresponds to a spin-down polarization.

mental evidence from a test experiment performed at IP12
in Run 2[5] which showed that there is a left-right asym- Deviation from Longitudinal Polarization
metry in very forward neutron production from collisions
of protons with one transversely polarized beam.

Each PHENIX local polarimeter consists of the Zero

Degree Calorimeters (ZDC) and a Shower Maximum De- = S

tectors (SMD) inserted between the first and the second g° S sy /1
modules of the three-module ZDC units on both sides of 5. ;Z"
the PHENIX IR. The ZDCs sampled the neutron energy e %’.."i'l””
through the hadronic shower development within its vol- B 24 "“’ A

5 - 1
226 591 716 211 206 201 19

20 Lout[A]

ume. The SMDs consist of 8 horizontal and 7 vertical
1.5 cm strips of plastic scintillator read by a 16 channel

photomultiplier tube (Hamamatsu M16). Based on the en- o BB e °F
ergy observed in each strip, we reconstructed the energy-
s o et e palEur 5 Sensiuty of polazaton diecton © o
and up-down asymmetries. Both these types of asymm?z‘-attIngs at 100 GeV_. The anglés and ¢, are defmeq
tries were further combined to showgadistribution of In terms of the polarization components by the equations

asymmetry (defined in Fig. 3§, = 0 starting from the ver- f/arrlt?’” IZ »/ P for horizontal andan 6, = P, /P, for
tical direction, increasing in the counter-clockwise direc- ertical

tion. To minimize the effect of different bunch intensities,

the asymmetry was calculated by the formula two snakes at full strength in a given ring at 100 GeV, lon-
VIR - VI—RF gitudinal polarization is obtained when, = 184 A and

= , (1) Ious = 221 A. Fig. 5 shows the sensitivity of transverse
VL*R™ + VL~ R* polarization components to changes in rotator currents at

LR

whereL* corresponds to the number of neutrons detecte?0 GeV. _
to the left of theg-line, and akR* the number on the right ~ When we first turned on the rotators around PHENIX

for spin-up () and spin-down-) bunches. the polarization measured by the local polarimeters showed
nonzero zero asymmetries corresponding to a large neg-
ROTATOR CALIBRATION ative radial component in both rings (see Fig. 6). The

amount of precession through the DO and DX magnets at

Fig. 4 shows the asymmetry measured by the local pd00 GeV is about0° degrees. In our earlier calculations
larimeters at PHENIX for both rings with the rotatorswe inadvertently missed a sign, and had the power supplies
turned off. The phase of the cosine distribution indicateto all rotators wired backwards. With the wrong polarity,
vertical polarization (spin-down) opposite to the CNI po-the spin in the rotator is rotated by an anglg about the
larimeter measurement (spin-up) on the other side of theame axis so that after the rotator, the spin is rotated to the
shakes. other side of the longitudinal by40°. The additional pre-

Each rotator consists of four superconducting helical dieession through the DO and DX magnets then rotates the
pole magnets — alternating right and left-handed helices[2polarization to—80° from the longitudinal. This was veri-
The outer pair of helices are connected in series to orfeed by spin tracking through all rotators in both rings. Af-
power supply, and the inner pair to a second. With théer correcting the polarity of the rotator power supplies, the
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Figure 6: PHENIX asymmetries measured after first turnFigure 8: Further PHENIX asymmetries for the Yellow

ing on the rotators at PHENIX with reversed currentging with rotator adjustments. A setting 6f,; = 198 A

(lin = —184 A andl,,; = —221 A): leftis for the Blue andI;, = 229 A shown at left increased the transverse

ring, and right is for the Yellow ring. component. At right the setting with currerdtg,; = 244 A
andl;, = 138 A eliminated the transverse component.

0.02 0.02 +
nent about 2° away from the vertical. A first estimate was
+ made for the correction shown in the left of Fig. 8 went in
the wrong direction. Compensating in the opposite (cor-

++ + rect) direction (Fig. 8 right) nulled the transverse compo-
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nents to yield longitudinal polarization.
RHIC is now the first collider with longitudinal polariza-
~0.0%5 o 900 0025 o . tion in both beams. The STAR rotators were successfully
@ ¢ commissioned later during the conference.

Figure 7: PHENIX asymmetries measured after correcting
the polarities of the power supplies. Both sets of rotators REFERENCES

were set to the currentd;,, = 184 A andl,, = 221 A. [1] http://www.phenix.bnl.gov

The negligible asymmetry in the Blue ring (left plot) is con-(5] | alekseev et al. Polarized proton collider at RHIC, NIM A
sistent with longitudinal polarization at PHENIX. The Yel-* 499 (2003), 392.

low ring measurement (right plot) still shows a sizable ver-

. . . [3] W. W. MacKay et al., “Spin Dynamics in AGS and RHIC”,
:::e}[l component due to the weak snake as discussed in thé These Proceedings.
Xt.

[4] O.Jinnouchi et al., Proceedings of SPIN2002, Upton NY (to
be published).

measurements showed a negligible transverse compongsyt . Fukao for the IP12 Local Polarimetry Collaboration, Pro-
in the Blue ring (see Fig. 7). ceedings of SPIN2002, Upton, NY (to be published).

During the initial startup a helical dipole in one of the
shakes in the Yellow ring failed with an opening of the su-
perconductor. We reconfigured this snake to run as a partial
snake using a single pair of helices; the amount of spin ro-
tation in this snake was onli58° rather than a fulll80°.
We were able to operate the Yellow ring with one full snake
and the weaker snake maintaining polarization by keeping
the spin tune close to 0.5 during the ramps for energy, beta-
squeezes, and rotators. With this weak snake the stable spin
direction is not vertical, but tilts away from the vertical by
about11°. This tilt is also translated through the rotators
into a spin which is not quite longitudinal as shown in the
right side of Fig. 7.

A correction may be made according to Fig. 5 from an
estimate of the direction of the polarization away from the
longitudinal and the orientation of the transverse compo-
nents. From the Yellow ring measurements of the local
polarimeter in Fig. 7 and the CNI polarimeter, a crude es-
timate determined that the spin was pointing as much as
40° away from the longitudinal with a transverse compo-
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