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Abstract. The [teiativistic &avy Ion Coliider I H%G] at the Brookiiaven National Laboratory 
[BNL) \vas commissioned fcir polarizcd proton-proton collisions at the center of mass cnerpj 
& = 200 GeV during the run in 20olll-2O(J2. \&'e have incasured the single transverse-spin asym- 
nictry 14v for production of photniis. neutral piuns. and neutrons at the very fcrnvard anglc. Tlic 
nsyrnmctrins for the photon and neutral pion sample \wrc consistent with zcro within 111e experi- 
mental uncertainties. In contrast the neutron S~II-& exhibited an unexpectedly large asymmetry. 
This 1arge nsqmmetry will be used for the non-destructive polarimeter for polarized proten b c m s  
at the collision points in the RtIIC interaction region. 

INTRODUCTION 

There have been niany intcrcsting results of the single Transverse-spin asynimctrics, 
.CY:) in the fixed-target energy region. One of the examples is tlie ET04 results from 
Fcmilab, which !yere obtained using thc polarized proton and anti-proton bcaiiis of 
200 GeV with the liquid hydrogen targct [ 11-[3]. Large asyimnetnes were observed 
especially in fowsrd region: n and x-  showcd mirror asyninietries as functions of sF 
and dJ asynmietry was about a ha l f  of the IT' asymrnutxy hi p p  callision casc. Sincc thc 
asymmetry .dV was expected to he sninll (O( a,niC1Ifl) in high-energy hadron reaction, 
the results stiruulated many theorctical works [4]--[S]. 

One of the motivation of our experiment is to see if such cffccts pcrsist at liigher 
cncrgaes. Lvhich was only achievable ivith the completioii of the RHIC as Llic first polar- 
ized proton collider. In addition, wc liave been intcrestcd in aieutral particlc production 
in particular as a dcvciopiiient of "Local Polarimeter", ~ h i ~ 1 1  ~ I C ~ S U T C S  the tmsverse 
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componcnt of the beam ~ o l ~ ~ ~ ~ t ~ o i ~  at the collision points at RtIIC. Such equipment 
js sx?rar~ely m;2=,lf in. undc r s tdkg  The spin d_wna:x&i in the R H K  a c i d m t o r  3~s- 

tern especially in obtaining the longitudinal beam polarizations by using spin rotators. 
tvhich is a set of helical dipole magizets, located at N-IIC'. Since such pohrimctcr is 
non-dcstmctive, it can ca-cskt with tlic experiments c.6. PI-IENIN arid STAR. For the 
developmcnt o f  the "Local Polarimetcr'5 at RMXC, STAR expcrimcnt has equipped with 
the Forward Pion Detector (FPD) to cover higher p r  but still fonvard re@on to search 
for any sizable *CY; in neutral pion production[9]. In the context elf the "Local Polamne- 
ter" clcvelopment, o u  mcasurement and STAK FPD measurements are complimentary. 

In this expperimcnt, ttvo detector systems were locatcd 1800 cm upstream and down- 
stream tlie collision point called IP 1 2 (see Figure 1 ). Those were locatcd right after tlie 
dipole niagncts, which separate incormuig and outgoing beams, and placcd hctsveen two 
beam pipcs. One of the detector systems is Elcctroniagnedc Calorimctcr based system 
(EM-Cal Polarimeter} facing the Blue Beam with the empfiasis on photon and xo dctec- 
tion, and thc other is Hadron Calorimeter based system (H-Cal Polarimctcr) facing the 
Yellow Beam for neutron detcction. The geometry of 1 1 cm-horizontal gap of two beam 
pipes and rf filter inside the dipole magnet limit tlic angular coverage within -3 mad.  
Chargcd particles are swcpt away by the dipoIc m a p e t  in front ofthcse detector systems 
and only ncutral particles are expected to bc detected by these systems. 

In nrdcr to separate thc beam-gas interaction, which is the beam int~rac~ioii witli 
thc residual gas in tlie beam pipe, or collision cvcnts outside appropriatc vertex dis- 
trilmtion, two sets of hodoscopes are located a1 z =: &ZOO em covering pseudorapidity 
range of 2.3 c /?I 1 < 4.11. Since root-mean-squsrc of vertex distribution is measured to bc 
54-ir6.3 cin, rind the time resolution of hodoscopes is equivalent to 23 cni, beam colli- 
sions within the hodoscopes are \-tpell separated from the bcani gas eveents or the events 
outside the hodoscope. In thc high energ>' region, where we are htcrcstcd in, sontami- 
nation &om the beam-gas/off-scrtcs events into the vcrtex cut is estimated to be 5 1.1% 

The beam ~ ~ l ~ r ~ ~ a t i o n  has bccn monitored by RI-IIC CNI Polarimeter 101 tliroughout 
the beam time and 17&.0.3+2.8?0 for the Yellow Bcani and 1 I $1).3&2.5% for the Blue 
Beam where the first and the second errors represent statistical wid systematic ones, 
respectively. 
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EM Calorimeter based system 

EM Calorimeter consists of sixty Lead-Ttmgstatc (PbWQ,) crystals, which have 
dimensions of 2.0 x 2.0 x 20.0 em3, with read-out by photo-tubc. The crystals arc 
arranged in an anay of five by bvelve so that total volutne of the EM C'alsrinicter i s  
10 cm wide, 24 cm high, and 20 cm deep, which corresponds to 92 radiation length arid 
-v 1 interaction length. This calorimeter wm calibrated using elcctrsn bcarns at SL4C 
and an energy resolution of AE/E  = IO%/ dE and position resolution of 0.1 cm were 
achievcd far electron beam. For hadronic showers, position resolution is estimated to be 
C1.5 CJD using GEANT[ 1 1 1. 

I n  front of thc EM Caloriisietcr, prc-shower counter  vas located. This counter com- 
pnses five PbWO, towers and these towers have sanie dimelision as that of EM 
Calorimeter. Three scintillation counters were located for particle identification. One 
was located right aftcr tlic dipolc niag-et and in %ant of the prc-shower counter lo make 
sure ncutral particles 2nd called Charge Vcto Counter ICVC). And two followed the EM 
Calorimeter with I ,  1 inch-thick iron block in behvecn for neutral hadron irtcnlifieiltion 
and referred to as Neutron Counter 1 2nd 2 (NCI and NC2. respectivclyf. 

The logic of - -  particle identification for photon and neutron is as follows: photons rue 
identihd by CPJC 8 N t  and neutrons are identified as cvc 0 NC. We adopted this 
logic basing on the simulation and the real data by controlling the photon purity using 
the two photon invariant mass spcct~uni, in which wc can identify E' i 2y easily. Bur 
sinidation studies show the purify of photon and neutron identification to be 98% and 
89%. rcspcctivcly with thc systematic uncertainty of 16%. 

Hadron Calorimeter based system 

Hadron Calorimeter has sandwich-Iikc structure of 0.5 crn-thick tungsten plates and 
layer of optical fibers[l2]. Its dinnensions are 10 cm in width, 10 crn in height and 23 cm 
in length, which corresponds to -2 interaction lengths. Its energy response far ncutron 
is calibrated using cosmic ray test and sirnulation and its resolution is estimated to be 
-50%. 

The hadron calorimeter is followed by post-shower counter comprising five PbWO, 
crystals to measure horizontal position of partick hits. The post-shower deiector is 
identical to the pre-shower detector in  the EM-Cal Polariiiieter. By using the center- 
of-gravity of the cncrgy deposits i n  the past-shower, position resolution is estimated to 
be 3 to 4 cm froni CEANT study. 

Photon samples are eliminated by introducing n two-inch lead block followed a plastic 
seintillation counter (Photon Veto Counter, or PVC). With this PVC. the sample becomes 
practically purely long-lived neutral hadron. Remaining question is the c o ~ ~ ~ ~ i i n a t i o n s  
from K:s. In the ISR encrgies, its contribution in the similar kineinatical region is 
cstiniated to be 34% from observing chargcd kaon sanipics [13], In our cxpcrinient, 
a lack of experimcntal data on the k a o ~  production in this extrenidy forward region 
represents a major uncertainty in neutron i d c n t ~ ~ c i ~ ~ ~ o n .  
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FIGUW 4. N e w e n  asymnietry versus 6 an& 

Figure 4 shocvs another neutron a s y ~ ~ ~ ~ e ~ r y  from the EM-Cal Polarimcter avcrngcd 
over otascrvcd encrgy as a function of azimuthal angle [(I of produced iieutrsn with 
respect to the beam polarization. The asymmetries are fitted to a sine cuiw, wlnicln is 
expected for .<\,. The results is -0.112 k 0.007 with a reduced ,yl of I .7 showing a 
reasonahlc agrement with the expected sin( 43) dependcnce. 

We havc mcaswed tlze single transverse-spin asymmetry .G$, for photon, E''. and neutron 
production in polarized proton-proton collisions at ,,&=ZOO GeV for the first time. The 
aspimetry fnr photon arid xu is consistelit with Z ~ T O  within error, wiii~e significant 
asynimctry has hecti observed in fonvard production of neutron. This makes it possible 
to develop a non-destructive polarimeter and modified H-Cal I'oIarimctcr IS piaimed to 
be installed at PHENlS-experiment collision point for spin rotator commissioning. 
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