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Abgtract

Tha resulta of Reweral atudies of the H(-M&V [LINAC], AQS (EZ), and BHIC polarimeater
data from the polarized proton run in 2001 S22 are presented. Much of this work oeeorred during,
er immedistely aftar the run. Same of thess analyres ham im plications for the understanding of
the parformance of the polarized ion eurea AGS . and RHIC with polarized protons.

Some of the aoclusiong include: 4] A recalibration of the 200-MaV polarimeter gisen reulta
remAistant: with the clder elihration, but high rates in the 200-MeV pelarimetar are still 4 problem.
b] No avidence of sizable aystamatic affects was fiund in sevecal testa of the ACGS polarimeter with
a thin carban fber tanges. o) Significant: palarization loan in the AGS wmn obeereed abova 3y = 7.5,
but e, hetwean injertion and Gy = 7.5. d] The magnitude of the fiattnp asymmetry in the REIC
palarimetem deroaises with timea in a fill. &) The RHIC polarimeter analysing poweer on flathop ia
greatar than er equal tn that ah injecticn. £) Unexplained systamsatic afers were obeerwd in the
BHIL peolarimetar, but the implicatione for the mesmured polarization asymmetry are nob cleas.
Thesn afectn wera not isclated ewents, but oeeurred throughout the run. Conesivably the data
ol indieate that the present RHIC palarimetar design will oot ba abla o achiers & goal of a
4% meamrament of the beam polarization .



[. INTRODUCTION

This noba doeumanks bvardurananld made wilh Lhe 200-8ay, AGS or EBB), and RHIC
Blue and Yallow ring polarimalars during Lha polarised ropning in lale 2001 and anrly 2002
(RHIC run 2}, 1L ia maanl Lo Subiarises some eoneluaions aboul Lthe paclormanes of: 1} Lhe
Boaler, AGE, and BHIC acealaralom (rbd Lranaler lines}, and 2} anch polarivetar, Thia
informalion will ba aporlanl &g inpol e plannisg Lo fulure polackced baam runs, and
complamanls olhar sludies of Lhe BHIC polarimalara [1].

Topiea in Lhis nola aee organived as ollows. Seclion 11 deseribes measuramanla ouade
wilh Lha 200-Ma¥ palarimalar using bolh C and Clx Largala. The AGE polarimalar resulla
ave discussed in Hee. W1 The RHIC polarimalar suanaucananla are aeculinised in See. 1Y
Lo avaluale Lhair parlormanes, and ave used Lo draw eonelusions aboul loas of polarialion

in Lhe pecalaraloss in See. V. A summary i3 givan i See V1

IO zo-MEV POLARIMETER
A. Imtroduction

Hinea Lhe inalallalion of Lhe new oplically pumped polarieed ion soures (OUPPES}, baam
curranta AL Lha and of Lhe LINAC bava inerapsed subslanlially a0 Lhal inglAnLARAGUS FALAS
of 200 u4 bave becoma Lypical This eurranl saluraled Lha seinlillalion deleclors used L
otrarw p 4+ C seallaring al 12° and 16°, and polarizalion mersurameanls wara unalabla, Do
cotmbial Lhis problam Lha horieonlal plane dalecloes Al 127 wara maowad Lo a oweh Lacpar dis-
Lanca. Land shialding and eollimalors wara added Lo reslriel Lha olsarwsd charpad particeles
Liv an origin Al Lhe Largel [2, 3] The sika of Lhe earbon Lacgal waa redueed. AL Lhe s
Litna, Lha oplies of Lhis parl of Lha baam line wara improvad Lo ks & Lighlar banm apol in
Lha hope Lhal this would redues Lha eon Leibo Lion Ceoo aenl baeing off Lhiek paela of Lha Largal
laddar. On A alrip Largal sueh as Lhe earbon Ohar used Al Lhe LINAC, Lhis improwmanl
Landsa L ineransa Lha pala. This raised Lhe question of whalbar Lhe ealibralion | made in 1982
AL LUCKE [4] and paporled in 198% [3], ramained valid. Knowing Lha polacicalion al Lha and
of Lhe LINAC ja erucial in aval ualing whalhar Lhare ava aignillennl losae in Lha polaeixalion
As Lhe beam poes Lhrough Lhe Booalar and Lha erely alages of AGH acealaralion,

1L was augpealad Lhal O A galep eowld ba eonalrueled Lhal would obsarvas p 4+ d eladlic
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acallaring. Lhan il would ba possible Lo owbka wse of Lhe wary precise analyszing powears
raraurad ra pael of Lha polarimlar calibralion al IUCE [5, 6] For & deularon resodl angla
of 42.6° in Lha lab and & laborabory anarpy of 20 Ma¥ | Lha anal yxing powear 9 kbown Lis ba
A=0407L .02 AL Lhe anrne Lo, Lhe eross seclion AL Lhis angle s lesa Lhan 1 omb far,
of mboul LOM Litned s Lhan Lhal lor prowon inelusivws seallaring. So p 4 d scallaring
canhol yiald polacizalion value wilhin & lew minuled a8 Lha 127 sounlars do based oo p 4+ G
Acallaring. One way Lo procesd 8 Lo uss p 4 d seallering in A longar run Lo ealibeala p 4+ G
aeallaring . which would Lhan sarva [or pouling merquramanta. ‘Thus Lhe design of Lha running
involved inlarlaaving p+ C and p+ d runs by sawapping Largals undar eondilions wheara Lhe
hanm polarizalion was balieved Lo ba sullicianlly alabla Lo parmil good Lima averages Lo ba
cotfil Lad.

Seinlillalora ware galbared al IUCEF and mounlad b A new selup. A sarie of Gl
Largala ware inalalled on Lhe argal leddar. During puna in July and Aogual AW, Lhe inilial
alaclronies salup waa Lesbad . By Augrusl, iL was posaibile Lo record one avanl for awry pulsa.
A [raelion of Lhesa wara 1+ d aladlic scallaring awnla. The p 4 d evanla gave A rarsonably
clann aipnalura in seinlillaboe pulse heighl and relalive Liing of the deularon and prolon
daleclor arma. Do prawnl signal debarioralion, Lha LINAC barm inlangily was kapl balow
50 uA inalanlaneous eurrant. Londer good eoodilions, Lhe polariced bhanm inlangily ean ba
in Lhe 200-300 pA range.

Duringe Lha aummer and anrly [all, varions changres wara made Lo Lha seinlillalors used Lo
record [1 4 d seallaring moally Lo caowws background in Lbe Doron ol A high inglanlaneous
raba of probons (2], In Lhaand, Lha daularon daleclor Leleseopa eonsialed of Lhrea seinlillalors
whisa Lhidkneass wara chosan a0 Lbal deularons (koo pr 4 d seallacing would alop o Lhe
aecond acinlillalor. Tha Lhird Lhan becama A walo. Tha Lwo prolon A daleelors lor anch
Aida weara salvaged [ram Lha 16° p 4+ C salup where Lhay bad run wilhoul absorbara. Thay
wara towed Lo By, = 64 1° Lo daleel Lhe seallared prolon and A 2.54-em Lhick aluminnm
atrorhar was added. P'rolons [eom pr 4+ d seallacing alill eawled all Lha way Lhrough bolh
dalaelora, bul Lhe anargy deposiled axeeeded by asignileanl amounl Lhe anargy [ram prolons
Acallaved bant hanmn anargy Do earbon,

Lalar in Lha [All, Lha dala pequisilion aysiam was uppraded Lo allow mwora avanls Lo ba
recorded wilhin aainge LIKAC pulss, eonsislanl wilh Lhe derd L Tor taking Lha an alog-
Lo-digilal eonvaraion. By Dweambear, il was posaibile Lo rapaal Lha ealibralion Leals, and Lhe
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4+ d polarimalar wae wsed Sor moeh of the RHIC polreised baam L Lhrough Lha and of
JRHLUALY.

Tha p 4+ d polarimalar ayalam was alao run Al various Liows during Lhe apeing of 2002 Lo
chock improvarnanls mada Lo QUL Those Leala will nol ha eoverad haca,

B. Augwsi Calibration Run

Owar Lha pariod of & lew daya, p4 Cacallaring dala al 12° wara collecled and inlaraparsad
wilh parindic mansuramenta of Lha baam polarizalion vaing o+ d alaglic awnla. Dala wara
alao eollecled oo Lbe nombar of Leippars in Lha pr 4 d ayslam as weall a9 Lhe rales in Lha 127
daleelora wilth Lha Cly Largal malarial in plaes. Nailhar of Lhesa proved relinble lor rouline
poolaeimnaley, 'The p 4 d eoincidanes rala eonlained Lo many eandom avanld, and BT gain
imauea diseuassd in Hee 111} bhalow randared Lha CLy rale in Lhe Iorward seinLillabors usalass.

Olive, Lhe eompuler Qe eonlhining p 4 d avanla ware rarnalysed [2]. Lowar bounds
wara insarled on Lha reeaplable pulse heighla lor aach deleclor. Speclra ware eraalad Lo
plol Lha Line-ol-areival diMaranes balwean signala in Lhe deularon and prolon arms, and Lhe
eoiteidanl Litne panks in Lhesa speclea wara used Lo ealenlala Lha nombar of avanla foe lafl
ot righl scallaring. A eorreclioh wid made lor random eoibeidenes and brekprounds by
aubleacling Lhe avanla resorded in & papk-widlh apan sl A& Lie diflarenl foon Lhe 4 d
prank: Lhia eorpeclioh waa somall.

The original ealibralion raporied by Khiaei [3 gava 4 = 06200004 for p+ C inelusive
acallaring Al fyy, = 12° Thia produced A avarrge baam polarizalion of 1* = QG482 0.003.
Owar Lhe aama Lioee pariod, p 4 d runs gave & value aller analyaia of 1 = 655 & G015
Ib order Lo produce auch & valua, Lha p 4 C aoalysing powar would nead Lo ba redused Lo
A=0.576L0.0L3, A 7% chang. This gosa in Lhe diveelion hesded Lo reaolve & long-aLanding
disagreamanl wilh polarizaliong mwaraueed vaing p 4+ C seallaring Al By, = 167 For Lhal
angla, Khinri raports 4 = 0.511 L0004, & valua Lhal producs a higher polarizalion Lhan
Lha 127 swraurameanla by amounla Lhal aea Lypienlly 5% laepar.

Lnforlunalaly, Lhe bawer p4 C aonalysing powears now eonlradiel & global analyais of
+ C seallaring vaporled by MeMNaophlon [7]). His amiolhad analyxing powars ara 4 = 1616
al B = 12° and A = 0556 Al dey, = 167, Lhua supporling the ald analywing power of Khiar
AL By, = 12° and qugpgeesling Lhal Lhe valua AL Byy, = 167 8 Loo low.



I order Liv chock Lhesa reaulla for raproducibilily, wa dacided Lo rapanl Lha ealibralion of
Lha LINAC polarimwalar again during Lha apin eomumisaioning in Pecambar NHpL.

7. December Calibration Hun

Tha alow Aa and TIHA [om Lha Aupual ealibralion ware raplaced by FERA AL S
and randoul inlo A CAMAC hular. Thia allows sevaral avanla Lo ba recorded and abored
during aaingle baam pulas wilhoul Lhe owrband of CAMAC raadoul inlo A eompular. Tha
[ronl AE seinlillalors and Lha baek wilo seinlillalors in Lha daularon arms wara mada amadlar
Lo padues random rales. Ineidanlally, & propramenable diseriminalor wed peavioualy Lo aaeel
figgnala [rom Lha seinlillalors was raplaced wilh A Dxed diseriminabor localed in Lha LIKAC
Lunnel wilh lewals sal Lo whal was lound Lo work beal during Lha pravious run. Wilh Lhe
naw Acinlillalorm, iL was neeemary Lo chack wllage and Liming sallings Lo oblain oplisum
prat Dok bt o,

Tha calibralion again eonsialad of inlarleaving p 4 C runa with p 4 d rong wilh Lha iden
Lhal Lha ralio of Lha baam polarizalions oweraueed wilh Lhesa Lwo gyalaoe was a chack of
Lha p 4+ C enlibralion. Apain, scalar rapdoul wilh the Gy Larpal waa Lesbad uaing holh
+ C ralid AL 127 and p 4 d eoibeidanl raled (sen See. 1LBY} Lo s whathar ailbar of Lheaa
colld alao sarve a3 A maraura of Lha baam polarizalion. The siloalion with Lhesw cales had
ol Doparowed .

In order Lhal Lhia oparalion be preelical during the AGH polarized heren dewiloponanl,
prarind e awilehing of Lha baam was inplamanied Fom Lha Boolar Lo Lhe sleaighl-Lhroogh
litwe al Lhe LINAC whara Lhe polarimalar ia localed. The rale for Ltha 4+ d ayatam was aLill
Lowy Larpa, And Lharalors one of Lha quadeu poles was delocussed, alas in bhanm sharing moda,
Ao Lhal Lha ealibralion was madae AL & amaller curranl. Thia procsdura may inerama dalaelor
ealed i Lha Laila of Lha barm ranch Lhe Larpgal ama.

Deapila iaprowmanla Lo Lhe dala aequisition, Lthe owarall pp + d rabe Lorned oul again
Liv b Lo, Lo piarl, Lhis waa dua Lo Lhe [ael Lhal wilh banm aharing, only 1 pulss avery 5
Aecondq was availabile in Lhe polarioebar ling Second, Le rersons discussed in mwoee deladl
in See. 1113, rale problams wilh Lhe p + d seinlillabor ayalams [ovead oparalion Al Lha adpga
of Lha harm apol whara curranta wara allecliwily leaa Lhan aboul 20 w4 again eulling rala.
Thus Lhia ealibralion was sprand oul owar Dowr days of running



During Lha ealibralion, barm polarizaliong recordad by p4- C seallaring variod halwean
067 and .71, Thesa varialions wave Lranbed Ra vanl and eould he associnled wilh changas
in Lhe oparalion of Lha oo aoures balwean pulssd and PG mdea it Lbe ionisar. Tha changag
[rorn oba tuoda Lo anolbhar saewed Lo keap Lbe ioniwar elannar, and Lhis balped Lo ouaisLain
A higher polarizalion. Beam polaricalion ralio belwean p4 C and 4+ d seallaring wara
caleulaled only for rung Lhal cama Logalbar during aoaingle moda. Thea raliog wara avaraggad
owr Lhe whole ealibralion,

Tha aleclronics was sal so Lhal only Lha highar pulas haighl signals associaled wilh p 4
d scallaring wara allwed Lo genarale Lha logie aignala poing inlo Lha eoineidanes balwaan
Lha deularon and prolon arms. Addilionsl, evan highar culs wara plased on Lha pulss haiphl
fignala [ analysia. Upper euls wara avoided sines Lhare whas avidenea or pileup of real
avanls in Lhe polss haighl apectea. The Liow pank for p 4 d seallaring remained naerow.
Surning wad rda in Lhe Lire apacleum, galaed oo eocreel seinlillabor pulss haighl. A amall
backgeround of randoms, oo maora Lhan & Taw pareanl, was aubleracled [rom Lha Lime pank Al
naaded .

Tha ralic of Lha haam polariealion mapqurad wilh p 4 d seallaring Lo Lhal menaored
wilh p 4 C scallaring wag Lownd Lo be

Ihaf e = 0.957 £0.017, (1}

A valus eonsiabanl wilh ona. Delailed poleeinelar masquramanta Tor anch alabla ion soures
eyela ara lislad in Iable 1. Bachuse syalemalie arrors ara likaly o inerapsa Lhis sLalistieal
arror, Lhare 5 oo pecomonendalion [eom Lhis ealibealion Lhal Lha analyzing powar used in
Lha p + C analysia ba changed. Bul Lhe previous ralio of £ /0 = LOTI £ 0.024 [rom Lha
Augual enlibralion was pol seproduced. For bolh runag Lbe polaebalion meaaured wilh p4-
C Acallaring waa aimilar.

. Systematic Errams

Tha main diffieully with hoth Lha p + C and p 4+ d syalems was Lha sanailivily of Lha
phvsboonul Lipliar Lwbes L tala.

In Lha p 4 d casa, axeesivw rale would eausa Lha gain Lo deop, and Lbe signals of inlaresl
wiolld [all balow Lha diserimisalor cololl. Under diffarant running eondilions, gring weaee



TABLE I' Partial Bmults from Desamber Calibratinn

Forz

P

Bot{ P

0673 20.004
0708 £ 0.006
(.67 20.005
0722 L0007
(.72 L0007
0.700 £0.005

0,663 & (03
(.60 2 Q044
(688 & (L4
0,776 2 0044
(1.802 £ (.(4E
0.656 & (0]

0956 £ (LIEE
0956 £ 0.061
LT3 £ (e
LaTT4 & (1062
L1124 (.0gT
OREAEE AL

0987 £ QLOLT

otrarwed Lo changa by elors of up Lo Lhres. In all chses, marsuramants wara made Al
raleA Lhal eaused Lha BT gain b aalurala, & phanomanon Lhal eowld arail y ba obsarved by
Lrneking Lhe [lling qipgnal pulss haipghl wilh Lima in Lha LINAC pulsa. Dureing Lha Augeoal
run, alabla bl atill salurabed eondilions wera found wilh eureanla of 50 x4 In Decanbar
wilh Lha hanm eurranl guill 50 w8, Lhe Gy LArgel was placed AL Lhe adpe of Lha harm ao
Lhal Lha aleclive cucranl was in Lha panga of 10 - 20 u8 . Only Al Lhia leval was DL posaibile
Lo keap Lha p 4 d signals abvws Lhreshold wilh anough alisianey Lhal Lha rale Loe lafl and
righl seallaring wara eompreabla. Soow ahorl rung wars made in which Lhe allicianey of
Lha righl-hand ayalamn waa lowar Lhan Lha lell-hand aystem by perbaps a factor of Lwo, Lo
Lhese s, Lhara ia aoow indiealion [waak slalibliea) Lhal Lhe polaricalion ia 8 yalamalically
largar. Figura 1 ahowsa Lhal Lha seallar plol of p 4 d polarizalion Landa Lo rise wilh pogilive
geomalrical Aymmaly (fgam - 808 See. 1Y; unpolariced rales Lo baam lall axessd Lhoae Lo
benm righl} This alecl has Lhig sign bacausae Lha p 4 d Analyxing powar 8 nepEaliva (wa
uae A prodilive A Loe Lha daulavon]} whils prolon elusive aoal yxing powara ara posilive.
For Lha p + € ayalam, Lhare s alao A raduelion in pholomollipliar gain wilh ineranaing
raba. Hera Lha allecla ave nol a9 sawrs. Sinea Lbhe podilive analysing poser 9 asocialed
wilh Lha primary prolon rala inle Lhesa seinlillabors, Lha alael of reduesd gain shows wp as s
amallar polarizalion valua A sombar of leals wears tueda during Ltha course of Lha Desanbar
run eamparing p 4 C mepguramanla al baam eurvanls balwean 50 and 200 w4 Fipurea 2
Ahwvwa Lwo Awch seans in which Lha bamn eurvanl was eonleolled by delocussing LINAC quad
14 (aolid poinla} or elosing alils peae QUL (opan poinla}. The horisonlal axis ia seinlillabor
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FIG:. 1: Corralation batwesn p + d palarizations meamired during the Decanber run and tha
ganmetrical or poaitinn asymmekry, “(L-H)f(I+R)". for the rates renooded by the left and right;
aeathering ayatama. Note that thesa are vary lange porition asymmetries, An discuseed in the beedt.

rala in Arhileary unils For bolh seans, mymmelries ace divided by Lhe asyomeley al Lha
Lovweesa L £ala (37} Lo ahow Lha pareanlags redoelion. A linear 1L i ineluded e oA goida L Lbe
aya. ('TChea rala values eorrespond roughly Lo Lha LINAC hanm curranl in ud } Addilional
chocks pava qualiLall valy aimilar peaolla. 1L g iporlasl Lo keap Lhesa changes in mind whan
inlarprating Lhe resulla of p 4 C polariaAlion owersuramanls,

Tha axparianes wilh rale liilalions sugpeals Lhal Lhare are ayalaalic alecla whoas
cotlribilion Lo Lhe ealibealion arror axeosds Lhaalalialical aror quoled abowa. An elimala
of .02 ot avan (.03 would appear Lo ba appropriale, a0 83,/ e =2 0.857 = 0.03.

1L wiould he desirable Lo have polarisalion marsurarmanla Lhal aea lew sansiliva Lo baam
curranla ok eurranld Lypically vaed al Lhe LINAC, For Lhia, il will ba neceaary Lo luelhar
allar bolh Lha p 4 C and p 4 d ayabama Lo ba owora raba Lolaranl.
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FIZ. 2 Ratin of thep + C asymmetry, as a functinn of the p 4+ C rate, to the asymmetr 7 measmimed
ak the lowest rate. The beam currents were adjusted by defocussing LINAC quad 14 (aolid civeles)
ar eloming slite (open circlen). The dashed line would eorrespond to no change in asymmetry with
rate, and the solid line is & linear fit o all the date. The rates oo the horizental axds eoroespond
roughly to the LINAC beam mrrent in g4

oI. AGE POLARIMETER

L pggrades wera made Lo Lhe AGS (ES80} polaribnalar for Lhis run pariod. Six addiliooal
plastie aeinLillalion eounlar wara Addad Lodaleel Lha lorward seallarad probons foe low baam
romenla. Tha poal was Lo parlorm an ataolule ealibealion of Lha polaiowlar al Gy =7.5
(fan = 3.8 Ga¥ fe}. Tha mersuramanls and resulls ara deseribad in & saparale hola; sea Bel.
[8]. Mo varialions oulaide aLALialic wara obfarwed lor Asyoumaleies in &y = 7.5 runa Lhal
wita closa in Lima.

Anolher upprade was Lhe Addilion of aome new YME sealars, which wara connecled Lo
Lha C-A1Y dala aequisilion syalam. These scalars recorded & law of Lhe quanliliss panaraled



FIG. 3§ Plot of the tima depandence of the ES80 palarimeba asymmetry within & run. The lines

rarreApondd to the running arerage and statistical eroors, and the 200 spill aserage. This run lasbed

aheut LE minutes.

by Lhe polaeimealer aleclionie:; oy owra scabars wara waed i Lha dala Req uigilion 8y8lam
dadiealad Lo Lhe polarimalar. Sollwara Lo rapd Lha YRE sealara, sompula agy mmalries, and
display Lharn during A run was wrillan by H Hoang and A Marufid. Thew displaya all
Ahowed amwoLh Lime varialion, aes Fig 3. 1L hed baan sugpealed Lhal soma of Lhe changag
in paypumalried mwnaurad by Lhe AGE polarimalar wera caused by inlaroillanl anomaloos
behawvior of Lha bardwara, bul Lhara was no avidaneas boe Lhig in Lhe displays. For inalanes, oo
disconLinuilies i Lha punnin g Avacigs R yinonale i wera obmarwed . (59 0are vol Adynonaleie
ware Laad lor all AGE polarimealar raulla deseribed in Lhis aeclion: ses alao See. 1Y}

1}



Tha AGH polarimealar wag oparaled undar similar eondilions [ phobosud lipliee Lobe bhigh
wiollhgen, elecleonie logie, wodpe podilions, and earhon Obar Largal)} B in pravious paes.
Bala alecla wara low wilh Lhe Lhin earbon Oher Laepgala, as warilled by olmarving polaa
baighla in Lha polarimalar eounlas on an oscillossope during A apill. Taepgel posilion saeans
wiata parformed Lo inaura Lhal Lhe benm canlar waa [ anough from Lha abling Largal a0
Lhal Lhate wapa ooly evanla [eom Lha earhon Obars resorded in Lhe dala, The i
Ay mtnalrivd racorded Al G =7.5,12.5 305, and 46.5 ava shown in Fig. 4 as & funelion of
Litna. Laing Lha approsimale analyeing powars

Ax =~ 0MEGL 00028 for Gy= 75 (2}

Ag ~ 00250003 for Gy=125 (3}
Ay~ QO3 EQ00LS for Gy =30.5 (4}
Ay ~ 00088 0.0012 for Gy =46.5, (5}

il ean ba sean Lbhal banm polarialions waea Lypieally ~ 708 AL G = 7.5, bul ooly -~
25% AL Gy = 46.5, or Lha exlrrelion anargy. The agymmelty value al Gy = 12.5 variad
Aignilleanlly owea Lhan AL G = 7.5, which supgpeala Lha polarbalion los balwaan Lha
Lwor anargien variad [eom Lioee Lo Libee, One should bole Lhal some of Lhe merqurarmeanls
AL &ry = 12.5 and 30.5 wara made wilhool Lubing Lha AGH paeamalars [balalion Lubed,
AC dipole sellinga. .} for Lhe mesqueing Oallop. Thus, Lhey may nol rafecl Lha Lroa
prolarizalion leval for Lha axleaclion mag@mal eyela. The alowar AGH ramp rala, inposed by
Lha wse of Lhe Weslinghouss ingland of Lhe Siamans mwoloe panarabor (MG} sl was Likaly
pedpobdibila Lor Lha Larpar polarbaalion loase in 2001 2002 (BHIC run 2} Lhan aean praviowal y.
Alao, Lhe EBBD polarimeabar enlibralions abows AL &4 > 7.5 have & moeh laepar unearlainly
Lhan Lhe 5% desived for BHIC

Finally, aanrehes ware mada [or posible aysamalie arors. Coeralalions of Lha phyaies
Ry IUNALL Y (ghye = ¢ 4a, 308 Eq. 6 balow} wilh Lhe luminogily (¢um, Eq. B} or Lha geomal-
rieal (¢pmm, Eq. 8} asymumalries ara ahown in Figa. § and 6. Only aix aala of lve or mora
rung wilh esonalanl oparaling eondilions wara lound amonge Lha ~ 1400 AGE polarimelar
raraurarmanla during BHIC run 2. Ona sel wad [romn 16 Decamber 2001, whila Lha olhara
oeerred on 13 - 23 January 2002, wilh Lypically A day or Lwo balwean Lhesa sals. Buna
Lakan during RHIC Olling had wo be axeluded as tha numbee of 4+ and - apills warea waoally
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FI:. 4 Maxmum asymmetry measured with the AGS polarimater ar & function of day. The uppar
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they wera onllected with the AL dipale off .
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FIG. & Correlation of tha AGE polarimetar phymices asymmetry with the lnminosity asymmetry
for mix mebA of oA taken under approximabely eonstant eonditions.  All asymmetries hase been
multiplied by 1A,
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multiplied by 1A,
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wary diflaranl, sugpealing Lhal Lha apin diveelion slayed unehangad for & long peariod .

Ko sLalistieally aignilleanl aorealalion of g0 wilh e 8 Appaeanl in Fig § Lor any of
Lha dala sala, or lor Lha eombined dala (hol shown}. Thara ia alao bo eorpal alion of €450 wilh
% gy 180twad [h Ay of Lhe 8ala in Fig 6, bul onaia sean Ior Lhe eombined sala. This lalLar
otRar valion ia nol eonsidared aignileanl ainea Lhara ware dilfaranl 4GS oparaling eondilions
Lot anch sal, and deilla ib egeem wilh Liowe oecuread. L i eoncluded Lhal o avidenes of
cotrel aliong axiala. Howeawar, whils Lha exislanes of awin A waak eorralalion would aignal Lhe
presanea of A Ayalamalic arror, Lha absanes of An olwarvable eorralalion doas nol demwnalrala
Lha Lack of ayalamalic aloela.

IV. RHIC POLARTMETER PERFORMANCE

A numbar o Lesls weara mada sarcching lor ayslamalic aacla in Lhe BHIC polarimalar
dalr. These bagan wilh Lbe Labulaled dals (0. Jinsouehi and K. Kurila} [eom BHIC run 2,
ramuwwing reaulla wilh koown bardwara problems of apecial oparaling eondilions. The Lesla
are deseribed in Lhe seclions babow.

A. Luminosity Asymmetry Differences

A aearch was mada [ ayalamalic allecla in Lha BHIC polariowlar dals waing [ nodily
Aay mmalriea. For (approximalal y} syoalrie sala of daleclors on opposila aides of Lha baam
(L = lall, R = right}, Lhe numbar of eounls recorded in some Line or idenlized deleelors
will ha

N o= M BT+ AL
NE = Mo B (L — 5 AL
NL = N ETaR (1 - AR
Ny = Na BHap (Ll + 5 Ag),

whara Lhe inLepraled baam inlenailies are B and B4 and baam polarizalions ara 17t and 174
Lo apin direcliong up (1} and down (1}, saapeclively. The analyzing poseara Ioe Lha L and 37
daleclora are Ay and Ag, and Lhe produels of solid anpga and alieioney ara afly, and df5.
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A pormalisalion [aelor, N, 8 dapandanl on running Limes, eros seclion, Laepgal Lhieknass
ale.
Tha “physics agyoele y” ean be dalarmined feom Lha aquare ool Toemo la
o A i
YL NG+ g

1 1
= 5“’1 + 1% x Gl + A} + Aot (6}

= P4+ Aot

whata Lha higher order Larma (hool.} ava lowrlh order in Lbe Ow amall quastiLice

oy = = An

' A + Ag
At _ g

= Hir
afly — dilp

fat = afl, + ity (7)
o g

¢ = Byl

P4 = %[jﬂ + M x %.;A;, + Az}
For relalively low anargies, 774 ean ba quile larpe, and hipear Lhan ey, eq, egn, abd ep.
Howrawer . AL BHIC anarpien, 174 ia panarally moeh amallar; or Lha CK1 polaeioalars, 174
ray Aelually ba sseond arder compacad Lo Lha olbar Tour quanliliss in Eq. 7.
Anolhar Lypa of aquara rool mymmelry, Lha “luminoily syionaley™ e, i ba loroed

L _ NN - N
TA AR Y

= &g + Fdey + h.l‘]'..f..?

which ig aanailive Lo eg

(8}

whara Lha higher order Larmd ave now Lhivd order in amall quas Lilies.
A third Lypw of aquara rool gy mmalry, Lha “geontalrical Ay el y” fgem, i sanilive

_oynind - i

NN N

L &3
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(8}
=t + Phe + hot,

wilh Lha highar aedar Larma also Lhird ordar in asall quanliliea.

Thare ara Lhees pairm of daleelom in asch BHIC polarimalar, wilh asch dalector of Lhe
pair on oppodila aides of Lhe banm, labalad 1-4, 2-5 (X940}, and 36, Daleclors 2 and § ara
in Lhe bhorieonlal plane, while Lhe olhars are 45 oul of Lhia plane. Theaa aix daleelora
viaw Lha same polarimalar Larpal and baam Tharalora, Lhe luminogily asyoelries of Lha
Lhres pairs should agres wilhin alalialical unear Lain L, Signillean L davialions would augpeel
Ayalemalic arrom i &yq, And parhaps alao in Lha phyaics aymmalry.

Aa an axarple, eonaidar A bardwaea problam in Lhe £ delacbor ooly, aueh Lhal

N o+ 8
NE o NP1 - A},

perhapa dua Lo s rale depandanea in Lha L dabeelor eesponse and dilfareness in inlanaily in
Lha T and | baabm. Than

Elum — Hlum -+ !:i_ln'lﬂ

tphye —* foage + 82,

or Lha magniludes of Lhe syalamalic alecla may he eomparable in epee And egg..

A aenveh waa mada for such dilfaranes in Lha luminedil y agyoumalty [eonn Lhe Lhees paies
of deleclors. The polarimealar Fung wara sapaealad inlo & g6l foe Lhe Blue and & sal for Lha
Yallow ping. Any dillaraness of moea Lhan Tour sLabdard devialions (foe Lhe Laepar alalislical
arror o ool Lhe paic} ware recorded. A Lolal of 360 and 320 runs wara congidarad for Lha Bloa
and Yallow ringa, eespeclivaly, and Lha nueabear of rung with aueh laepe dillaranes was 75
and BY. The numbar of sueh runa axpacbed Tom alalistical Joelualiond of 4o wha 1 - 2.
Clanrly, ayalamalie allecls ara preasanl in Lhe dals.

Tha ohsarved dilaraness v egey wera furlbar aludied aa & foselion of Lima uaing the dale
in Lhe BHIC polarinalar dala spreadsheal warsion 1.2, Figura 7 gives Lhe magniloda of
Lha obsarwed luminosily aymenalty dilfaraness as A funelion of run nombar with Blue and
Yallow ringe resulla eombined. These are eomparad Lo lour Lies Lha slalislical arvor [or Lhe
2-5 aayrnelr y, 4rxen. Tha dillaranes are aubdivided inlo sela whare Lhe 14 daleclor pair
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FIG:. T: Thesa plata show the diffarances betwean the luminority asymmetrism an A fonetion of
EHIC polarimater run numbar. The lower right plot shows the maxirmm of the thres diffarences
that can be formed. The differences are compared o 40 yey. ahas Ty 18 the statistical aeoor of

X = £3 5.
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Aeyay > 40y per 10 runs

| 1l

| 1] T I
10 20 30 40 50 60 bin #
12/24/0112/30/01 1/6/02 1/11/02 1/17/02 1/22/02 date

FIG:. £ This plot shews fluctuations in the number of large Aéarqy ¥aluem ower time. Each hin

rapremia the number of Hmes |[Aéarax| in graabar than doyen par W] ruos.

Ay mmalry is eomparad Lo Lhal for Lba 2-5 pair, ale., ag wall ag Lba maximom dilfaranea. Nola
Lhal ovwa Lhan one 4oy dillaranes, iy oceur par run, Finally, Lhe sumbar of cass whars
Lha maximum agymonalry difaranes, Aepeqy axoonds doyes par L) runa ia hisLogramoned
in Fig. B Theaa resulla suppesl Lhal problams secuerad Lheouphoul Lhe BHIC run peariod,
wilh somea Limes A bil worse Lhan olhars.

Figura & ahows aimilar resulla Lo Fig. B, bul separalaly lor anch beaon and maymenel ey
dilfarenea. In Lhis easa, waraion 11 of Lhe BHIC polarimalar aprandabeal and 20 runa par hin
woitws Uaad. 1L can ba sean Lhal Lhara wara bo Long sala of puna wilhoul any 40 dillaranees, Lhe
maximum haing 84 rung in Lha Bloa ringe lor Lha 2-5 va. 346 dillaranea. Also, Lhe dillarencaes
oeclrted much mora [baquanlly balwean Lbe 1-4 and 2-5 daleclor prirs Lhan Tor Lha olbar
Lwor dilfaranes | for bolh Lhe Blue and Yellow rings.

Tha rung wilh larpa luminog Ly agyoumalry dilfarances wara aludied in moss deladl. OF Lhe
Bl auch runa aflar run G on L} January 2002, 26 wara al injeclion and 25 wara Lha Dl
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FIG. #: The mmher of runs with 4 diffarences in lnmincaity asymmetries foom weious paim of
datectors in the RHIC prlarimebam an a funetirm of run number. Each hin eorresponds ta 200 rune
testel. Separate histograme are shewn for the Blua and Yelow rings, and for the eomparisen of
fiym for 14 and 25 ate. paim. Based on statistical Suetuations. an aserage of ~ (L0 per 20 run
hin in eoruected .
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raraurarmanl on Dallop. Ahoul 1f3 (25} weara in one of Owe BHIC s, whara Lba problams
oeclrted proadaminanlly in one ring. Fisally, the avwirage dals eolleclion Limea lor pung wilh
big lumninoaily maymenaley dilaranes was alighlly less Lhan Doe puna wilhoul sueh difarances
(43 va. 48 sac.]. Thesa olwarvalions ara all auppealive of highar Avarags rale b rung wilh
lumincRily aayoumaley problams.

Thare ware many rund whave hig diserapancie wara obfarwsd in both 1-4 va. 2-5 and
14 va. 36 Lor Lhe Blua ring, or for both 1-4 va. 2-5 and 2-5 va. 36 Lor Lhe Yellow ring.
This avidanea sugrmwals Lhal Lha systamalic alacla ara ganerally worae in Lhe 14 delaelor
pair Ioe Lhe Blua ring and Lha 2-5 daleclor pair Tor Lhe Yellow ping. Mo charaelarialie or
hehavior of Lha hardware bas been lound Lhal eorvelales wilh Lhe previous olmarvalion.
Although Lhara ara amallar nombars of olbhar dilfaranes it egem . Lhesa ara alill mora Lhan ax-
paclad [rom sLalistienl Juelualiong. For axample, Lha olwarved Faclions of Lhess dilaran e,
ol | L) fi fe > 4}, ranga [rom 17360 = 0047 Lo 67/320 = 0.20%. Assuming Lha aLalis-
Lieal unearLainlic for all Lhres luminoqily Raymumalries ara Lhe same (Lha 2-5 unearLain Lieg

are ganarally aligh Uy larpar Lhan Lha olhar Lwo}, Lhan Lha axpeclad [raclion i

Prob(|D6ffil fox > 4} = Prob(|D8f fil fermsgrs > 24/2)
o (LG,
Thus, Lha manguramantls give such dilfarances Al rales mwora Lhan 10 Liows Largar Lhan ax-
paclad alalislically. Anolher way of axpresaing Lhis is as Lollows. Ench aeclion of Fig %
wiolld ha expecled Lo hava (00046} (360 runs} = L7 larpga dillarancas for Lha Blue ring, and
(0 GY (320 runa} = 1.5 Lor Lhe Yallow ring wharana 17 - 67 ara relunlly obsarvad.

Aa noled anrliar, Lhe magnilude of ayslamalie alecla may b eomparable in egp,. And
fum. Asauming Lhay ara of aimilar aies, Lhan Lhe ayalanalie areor o8 ephye, Seabyrmr, cab ba
amlimaled. In aeder [or Lhe otwarved numbar of largeas e dillaraness Lo b eonsisbanl wilh
AlaLisliea, L Lolal whearlainly would need Lo ineranss aboul A Deelor of 2.2

Prob{| DS fil ferlpsgps > 2V'212.9} ~ .20,

Toiggs = 22mnigss
‘Tha Lypieal physien maymmelriea during Lha paal BHIC polarized g run wera eggy, ~ (2 —
3} 1} A, and alalislieal uneerlainlies wara degpy. ~ £0.383x 10 *. The eomhbined sLalisLical

21



and ayalamalic aeror would ba approximalaly 2.2 Liows bigger | ao

ﬁr—.mkﬂk e 1|||'|:ﬂ.2]-9— 1 ﬁepﬁw:l.ﬂ'ﬁ ﬁr—.w
PURE | S RVE |

Thua, Lhe ayslarnalic arvor i3 roughly 30%: of eaye, which ia autwlanlially laegar Lthan Lha
poal of < 5%, (WiLh an analyeing powar A -~ §0L3, Lhia sorbaponds Lo d4® ~ H30ET, or
larper Lhan 5% of A 0.0 bhaam polarialion} Sines e origin @} of Lheaa aysbannalic albela ia
nol presan Ly undearalond il is unearLain how Lhis ayalamalie arvor would ehang whan eq, .
ineransmn. In eonelusion, syalamalic allaela in ey, And parhaps comparahle aleela in ep.
have bean obsarved Lhal may ba mueh largar Lhan Lhe desired 5% of egeye. 1L ia inporLanl Lhal
furiher detailed sludiea ba undarlakan Lo allaapl Lo idanlily Lha sourea of Lhesa ayalamalic
allecls, using Lha hinla prowvided by Lhis Analyais g well as oLbar informalion.

B. her Searches for Systematic Effects

Thare was olbar avidanes of ayalamalic problans in Lha RHIC polarioalar dala Sines
Lha haren polaricalion diveclion waa wirlical in BHIC run 2, Lha up-down physie maymenal ey
whd axpecled Lo vanish, Thare wara oo BRHIC polarimalar dabeelors in Lha purealy up or down
direeliong, ao Lha dabselors al =457 wave waad Lo parlorm Lhis marsurarmanl. Thua, “up™ was
Lakan Lo ba Lha sum of eounla bom daleclors 1 and 6, whils “down™ was Lha awm of eounls
[rorn dalecloes 3 and 4 and Lhe physies raymemaley (Eq. 6} waa labaled epgs. A plol of eegg
divided by iLa aLaliglical arvor i ahown in Fig L) lor Lha Yallow ring Claarly, soma of Lha
MARALFAMANLA Ara hotsaso. 1L ean Alao ba ssen Lhal Lha varn valua of ey ueluales wilh
Litna, changing [om panarally podiliva Lo uaually negalive aboul 18 Janoary 2002, Takan Al
[aca valua, Lhe obsarved value of eyys and ey would aupmeal Lha spin direclion was aboul
L5 — 207 [rooy warlical on 20 Janunry 2002,

AvnoLhar eombinalion of eounla fom Lhe 45° dalaclors s axpaclad Lo vanish, In Lhis casa,
“lall” waa Lha aum of eounls rom daleetoms 1 (up, lell} and 4 (downs, eipghl), and “eighl™
whd Lha sum [om deteclora 3 (down, lall} and 6 (up, rghl}. The eorresponding phyaies
agymmalry (Eq. 6} was desipgnalad eqogg, And il 9 axpaclad o ba savo sinea “lall™ and
“piphl™ apch inelude sonlribulions [eom all Tour direclions. Hislograone of Lha FaLio of eqyg

and eyyg Lo Lhair eorveponding alaLislical unearlainlie Lor uoal polarimalar rung (axel uding
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FIG. 1 avasfovas in the Yelow ring after amealaratiion to fat top. The horizombal axde is in dags
in January NI

Lhose wilh bardwara problams or apecial eondilions) ara shown in Fig 11, Nola dala oo
both rings are eombined. If Lhe RHIC polarimelters opacaled wilh napigible ayalamalie
arrord, Lhe mwang of Lba Lwo dislribulions sbould be waeo and Lhe sland ard davialions ahould
ba L. Howaver, Lha manng of &g s Ad ey freegs wara -0.585 and 0005 Ior Lhe Blua
and -3.21 and 311 Lor Lhe Yellow ban, whils Lhe slandard devialiong ware 208 and 1.51
[t LthaBloe and 156 and 175 for Lha Yallow hanm, reapeclivaly. Thesa resulla augpeesl Lhal
Aydlemalic arrord are eomparable in magniluda Lo slalislieal unearlainlie, or parbaps as
larfre ag m: 1.53 Limea Lhis magniluda Noba Lhis ia eloga Lo Lhe elimale mada

[rorn Lhe lumiboaily A ybnom L.
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FI(:. 11: Hintogramn of the ration of walue o statintical unesrtainty for (a) éyg and (b] &gy, Bath
af thess quarntitien should ararage to zeeo and base A width of L0

Tha varialion in epys Appaara Lo be aoowewhbal eorvalabed wilh Lha axionm dilaranes
in luminmily Raymmalries, Aearax. Figura 12 shows Lhe Yallow ring values Tor Aearax
divided by Lha correponding slalislieal arroes wraus day lor all Qallop owsduranwanld in
Lha samna Lima pariod as Fig 1), (Tha luminosily aaymenalry dilfarancs wilh Lhe masiom
pRgEnil ude REONE £ 5 — F) 4, 3 5 — % 6, AL £y 5 — & 4 18 dalbad Lo ba Aegrgx.} Tha
plol of epygfrpys wraus Aeyrax frarax 18 poesanlad in Fig 13, whara & waak eorralalion ia
aean. Tha erusa of Lhis eorealalion 8 ool peeasantly undaralood, buol i augeels Lha presancs
of A ayslamalic aleel in Lha dala.

Based on work by Joanna Kiryluk looking al Lhe STAR, bharma-banm eownlara, il was
otarwid Lhal some BHIC Qla had ~ § adjacanl bunehed wilh anomalous babaviour in
apacille luminoaily eompased Lo Lhe parrindar of Lhe bunehes, Thara waea 11 Ol identiled
Lhal exhibiled Lhis behavior (2233, 2235, 2944, 2246, 2951, 2966, 2263, 2275, 22953 2301,
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FIG. 12 Adarax foarax va. day for all daf top measuraments in the Yallow rng in Jamary 2002,

2303} The numbar of rung wilh aieable difaranes in ey eomparad o Lha Lolal was
1157 = 0185 £ 0.021 [or Lhe Blue and 15/47 = 0.30% £ 0.052 lor Lhe Yallow ring in Lhesa
Olla. Howeawr, Lhara wara sisabla diaraness duringe 10/42 = (238 0028 runa [or Lha Blua
and 1536 = 0.417 £ (.041 [or Lhe Yallow ring lor nominally “wood Qla® balwean 2233 and
2303. The aclions ara naarly aqual for good And bad Olla, wilh parbars Lhae pood Dlls having
aalipghlly bighar rala of laeps ey difaranes. In paclicular, Lha anomalous bebaviowr of Lhe
3 adjacant bunches in aoma Olls doss nol aeam Lo be aleongly eorralaled wilh sisanbla om
diTaranees.
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FIG. 13 avasfovas 78, Aearax foarax for all daf fop meamramentes in the Yellow ring in Jaouary
AL

7. {Other Correlations

In Lha ataanes of siseabla ayalamalic alecla, Lhara should ba no eorralalions of Lha phyaies
agyminalry wilh ailher Lha luminosily or geotelric adymnalry. Thia was Lealed wilh &
auhsal of Lha good rung [eom mid Janoary 2002, Tha Blua ring requlls for Lha daleclors in
Lha hovison el plang (X290} ace ahown in Fig, 14 Ko corralalion 8 sean wilh Lhe lumi noaily
agymmalry, bul Lhera i A wank eorrelalion wilh Lhe peomalrical agymmalry. The same
behavior ia alao asan Lor Lha Yellow ring (nol ahown}, I Lha eorralalion ia raal, Lhis would
figgnal Lha presanes of ayslamalic aleels. Howavear, il ia alao poasiblae Lhal Lhara wara pariods
what Lhe baam polarizalion was high and whan Lbe peomelrical asyoaley happeaned Lo
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FI:. 14 Corrdatinn of the X physics asymmetry for the Blue ring with a) the X lnminomity
anymmetry. b] tha XN geametrical asymmetry. All asymmeatries are multiplied by OO0

b high e wall, A9 Lhe dala shown ware eolleclad owar & Iowr day period. Nola Lhal Lhe
oot el alion wilh fyemm haa Lhe anona sorl of babavior sean in Fig, 1 Lor Lhe 2000-MaV polarimbar.

Tha dala rom daleclors 1 3, 4, and 6 AL =45 Lo Lbe horisonlal planae wara aumoned
inbo “lell™ (1.3} and “righl™ (4,6}, aod Lha physien adyooele y (o Eq. 6 waa denolad exas.
This mymmalry should be equal Lo Lhe physies agyoumalry [eom deleclors 2 and 5, exan.
Tha eorralalion of Lhasa Leo Ry leies i abown in Fig 15 Tor Lhe Blua and Yellow rings.
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FIG. 1&: Correlation of the X910 with the X4 phyrics asymmetries. These are expacted to be
aqual. 4] Hlue ring. b] ¥elow ring. All asymmetrien are multiplied by 000

The daLh elualar around Lha e yeay = ¢ yyy lina.

Tha ralio o physies agy menalrie, exen fexas, wad oompled Do all rons wilboul hard waes
problams, and gave & waighled avarage 0.5190.015 [y fd [ = 719.7/385) and §.567+0.014
(3 fd.f. = 356.4/333} for Lhe Blua and Yellow ring polarimelar, respeclivaly. Relrieling
Lha dala Lo Lhose allar run GG (10 January 2002} gaw 0.952 £ 0.023 (18557163 d.[} and
0895 L0019 1776/ 154 d [ }. The lalar Blua ring dalh ara eonsislanl wilh L, as axpeclad,
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bul Lthe Yellow ring reaulla sugpeal a posaible enlibealion diffaranes balwean eyay and exys,
pearhapa dua Lo delails of which ailieon awrips ware axeloded (o Lhe dals o Doo Lhe
Lhieknesa of Lhe dead layera on Lhe alrips. The fael Lthal the v3/d. [ for the lalar runs are
clora Lo LN} 8 aneouraging aupmesling Lha ayalamalic areors in Lha polaeimaler dalh may
b aoenewhal amaller Lhan Lhe slalislical uhearhinlies,

Tha varialion of exen relalive Lo exss oulaide alalislies eould ba relaled Lo chaogpe in
Lha averapge banm poailion for 4+ and — bunehen 1L was ahown in See. 1Y A Lhal Lhara is
oo allael on Lhese asymumalries lor Lha saoe offsal Lor bolb Lypa bunehes [(Oxad oY, af25).
Hinea Lhe G polarimalar Largal @8 & Lhin, wirlieal “ribbos™ | eonsidar Lhe erae whare Lha 4
hunehes ave gyalamalically high by & and Lha — bunches are qyalamalically low by gy As
Lha deleclora ara tuch widar Lhan Lhe desived alralic aeallaring avanla fomn Lhe Laepgal Lhe
major allecl on Lbha aolid angles will ha Lha changa in Lha & receplanes. An owrall ofsal of
Lha baron from Lhe nominal barm baighl, A will also ba eonsidared.

For Lha dateelors in Lha havisonlal plane, 2 and §,

ant =
P P Ay
& !

Y P by
il =

P P (Bt
1

P +(A = dyp?

and Lha allecls on Lha physies and luminoily asymmelrie would ba

! A Hy—1f
i = P4+ (NPT + hat

(10}
Fa
flum —* £R + -PA"-.-{ - E%}[R} + ft.

In order Lo maka ealimales of Lha aises of Lhase aarreclions, Lha osal balwaan Lhe 4 and -
bunehea will ba eaumed Lo be dy ~ 015 meng, Lha overall ofRel of Lha baam A~ 15 mam,
and Lhe difareneas in dislanes (Hy — Hg} o~ 15 . Tha avarage dislanes from Lha Largal Lo
Lha BHIC CK1 polacimalar daleclors ia /7 = (g + Ma}f2 = 15 em. Than Lhe allaela on ey
And tum would ba of order 10 7 and 1) % respeclively, which ara negligible eompared Lo

2%



Lhe sLaLialieal unearLainlien (= 4 10 *}. Thus, o A good Approximation, the polarimalar i

insapailive o dilarancs in warlical baam posilion bor + and — bunehes Lor Lha 2-5 dalaclor

[t

For Lha £45 daleclora (1, 3, 4, 6} Lhaaqualions ara soovawhal owes eomplicaled. 1L will
b maaurmed Lhal 6y is Lha simple, unwaighled sum of aolid angle for daleclors 1 and 3,
and dp ia Lha aum of aolid angle for deleclor 4 and 6. Than

nl !

1

tilﬂi 1

N R e

Ut + EEp (AP
1

Y TS

&t !

P +

JEHH%‘”I}“H%}’

Je — BB (5 Bp
1

ol 1
nox Y+ 2B

o
3
. ¥ &k A1y +
YU+ SR+ (B
P
'3

P +

YUt - 2P+ 5

Tha allacla oo Lha physies and luminogi Ly aayoumaltiea would ba

1

]
tahye — I7A + ﬁ-ij—f}-[
Fat

(a4 M} =(

(Fa= Fu} = (= Raby

i

(g (e 7

1
fum —+ &7 + PAey + ﬁf%r][

A

(5} (3} + hat,

I

f +Rﬁ}] + hard.

(fy — Ty} 4 [y — Hs)

7 I -

(11}

In Lhis ease, Lhe magmilodes of Lhe alacla are of order 1 * (Rasusning Lhe ane s for A
fy, and dislanes Lo Lha daleclora Ra baloral; Lhese ara amall eompaced Lo alalislicsl ooear-

Laiblied. 1o eonelugion, Lha phyaies and luminosily agyoumalries Toe Lha BHIC ol ari o lars

(bolh X45 and X9} are insansilive Lo dillaraness in warlieal hanm podilion Tor 4 and -

bunehen. Hanes difarancs obsarved balwesn ey and exan or balwean luminodily agym-

malries ara nol baliaved Lo originale wilh changes in varlical baam pogilion sorvalaled wilh

apin ALALA.



V. RHIC POLARTMETER AND RHIC PERFORMANCE
A. RHIC Injection Asymmetriea

1L was axpaclad Lhal Ltha avaraga Blua and Yallow ring polaeiwalions al injection would be
approximalaly Lha sama. A amall dillarencs mighl haw baan presant dua Lo Lha AGE parlial
Anaka Aand inleraparsed warlicnl and horisonlal bands in Lha Leanalar line Lo BHIC (Ral. [9]].
Haowraver, signilleant deparlures [rom aqualily mighl sugeesl problams in Lhe oparalion of
Lhe &GS, Lhe AGS wo BHIC Lranalar ling, BHIC, ar Lhe polarimelars. Lo Lhe ideal ease of
aqual polarizaliong in Lhe Lwo ringg. Lha ralio of polarimalar aaymenealries AL ingeelion [or

Lhe Yellow and Blue rings ahould be Lhe aaone ag Lhe ralio of analysing powares:
fin.Velbnw _ Avesmy 001333 00015

Fing Ml Apgwe 0012700011
whara Lha RHIC polacimealar anal yring powera ava Lha beal aslimales aa ol Lbe Lioes of Lhis
nola. The ealio wea fored for 41 03 from dals in warsion 11 of Lhe BHIC polarimelar
Aprandabeal. 1L waa requiced Lhal oo khown bardwaes peoblams waes presanl and Lhal Lha
magniLudea of arch asypumalry had Lo be laegar Lhan 10 1) . The ralio ia plotled A
funelion of Lima ib Fig 16 Figuea 17 inelodes hisbogeams of individoal Blua and Yallow

= LG 015, (12}

ring polarimalar agyoumalried and Lhair eorralalion.

Theaa Lypea of aaymunalried wara used Lo eoanpula Lhe ealio: 1} &g 5 = exen, 2} exvis,
and 3} Lhe lamal aquaces L X raymemaley. For eyys, Lhe eounla [ram daleclora L and 3 wara
aumtnad and [rom 4 and § wara suonoved Lo give Lhe equivalant of “lall - righl dalecloss.™
Tha lapal squares L raymenelried used inbformalion [bom all fix deleclors Lo darive & besl
calimala of Lha lall-righl (X} and up-down (Y]} Raymeneleied. The mvaan value e Lhe Lhras
Lypest of Asyoummaley raliod are 0918+ 0033, 1035 = 0.032, and 1.024 3 (.023, reapacLivaly,
and Lha reduced chi-squares ara 1575, 2002, and 2078 Thara ia pood ageearnanl of Lha
rannd wilh Fq. 12 Tor all Lhras Ly pes of asyoaowaleie, bl Lie 3090 reswll seama Lo difar oo
Lha olhar Lwo. Sinea owal of Lhe dals had Lhe Blua ring Olled helore Lha Yellow ring, any
aignifleanl depolarizalion in BHIC alL Lhe injeelion anargy should have decransed e -
and iherapsad Lha ralio abowe Lhal axpecled in Eq. 12, Similarly, Lha amall difarenes in
polarizalion pradiclad in Bal (9] was axpocled Lo ineransa Lha ralio. Yal all thres ralios aca
balow 104G, aupgeealing sueh alecls ara amall

Tha sizable pedueed chi aquare are of eoncarn, And may AugEEel ona of moea ol Lhe
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FIG:. 16: Time depedence of the rakio of Yellow ring to Hlue ring asymmetry at inpection for thres
typee of arymmetrien. 4] éxen. b)] éxyg. and o) the laast squases fit X asymmetry

problama nolad above. I Lhe cause s puraly Fom ayslbamalic arrar in Lha polarimalars, Lhan
Lhig arror @8 of comparable sagnilodea Lo Lha alalislical uhearlainly, which i eonaialanl wilh
Lha ealimnale fom luminogily agymonelty dilfaranees, ra wall A9 eeds And evis. Thos, Lhara
in no alrong avidanea Toe problams wilh Lhe oparalions of Lbe AGS, AGH Lo RHIC Lranalar
litwg, o BHIC on Lha baaia of Lhe ralio of mymenaliied in Lha Lwo rings Al injeelion.



RHIC polarized pp performance (injection)
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FI(:. 1T: Hintrgrame of least squares fit X asymmetrien (moltiplied by W000) from the BHIC
palarimetem af ingection. Theuppar lafh fguoeis the asymmetry an & funetion of 1] mmber (dme).
The upper right: and lower left eorrespond to the Yellow and Blue asymmetries, respectimely, and
the lower right: shemm the aorreakion.

B. Analysing Power at Flattop

An allampl was made Lo dalarming & Lowsar Limil Lo Lha analysing powear of Lha polae -
Lara AL aLlop (L)} GaY'}. Il was asaumed Lhal Lhe analysxing powar Al injeelion [ Az} and
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OaLlop (Apg,}t ware eonalanl wilh Linw; hard ware changes wara asaunwd Lo negligibly aleel
Lhe valuas of Agg o Apge The iwasured Asybinialriea ware

tfim = frm X Afem
binf = Sy X Aing,
whara I3y and Ppe wara Lhe baam polarbalions. From Lhesa equalions,

Api £ fias Ling ® fias

= X o E ; (13}
HAing fing i fing

Aines dapolariealion may have occurred balwean injeclion and Dallop, Hislogeams of Lhe

RSy ALYy FRLID, & fiasfeing, wara made Lo aslioala Lbe larpesl valua achiaved , and Lhus Lha
bl Liweer Limil on Afie (g, Nola Lhal il s possibile Lhal sisabla depolaebalion e eed
healwaan injection and allop Lor all runa, a0 Lhal the derivad limil on Ape fAsy sould ba
fAignileanlly balow Lha Lewe value.

Filla wera salacled wilh al laaal one asyoumaley buersusensanl Al injeclion and one Al
OaLlop. The PAL €fgy femg wha eompulad wilh Aaymmalrien [rom Lhe aania ring whanavar
posaible. Howavar, Lhara ware A subalanlial number of ease whara eg,g was only meraured in
Lha Blua ring, and saveral only in Lha Yellow g For Lhesa erad, Lha injppelion maymenal ey
in Lhe Lwo rings waa asumed Lo be equal, so Lhal Lha &g, feny ralio eould he eompuled
[oe Lhe ring wilhoul Ab Asyraoeelry bweRaueamanl Al injeclion. A plol of Lhe mymoweley
aa & [unelion of Lime in Lhe Blue ring ia given in Fig 18 wilh injeclion dals rapresanbed
difaranlly oo Dallop eeulla.

A waighled Averaga of up Lo Lhres marauranants on allop was used LoobLain eye. Thete
woits hently Alwaya Lha Oral Lhrea Qallop raymunalrica menauted in Lhal ring. For wary long
rung wilh many lallop mergueameanls, Lhare was avidaneas for & drop in asyumaley wilh
Litne; s See. VO Runa wilh evidenca lor bardwars problama or wilh special opacaling
cotndiliong ware axeluded. Hisloprames of Lhe talio for Lhe various somhisalions of rings aea
ghown in Fig 19 and Lhe qum ig giwn in Fig 20. Tha lowr laegeal ralioa ara 2.01 £ 117,
163026, 140053, and 1,233+ 0.24 The dashed line in Fig 20 eorreaponda Lo all dala,
ineluding Lha amallar ralio [rom Qs whare &g, (o Lhe Lwo rings dillared by more Lhan
Lhres alandard devialions, while Lha aolid line in Fig ) rajecla Lhe amallar ealio in Lhis casa.

Ko aialistieal proesdure bas bean found (yal} Lhal gives an unhinsed elimala Lo Lhe
rnaximumm valug of Lhe distribulions in Figa. 19 and 200 Tharalore, Ah esliouale was made
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RHIC polarized pp performance (01/01/02 - 01/25/02): Blue Beam
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FIG. 18 Leant squares fit X asymmetries for the Blue ring BHIC palarimeber an a funetion of time.
Sinen the injestion arymmeatries ars ganerally langer than thoes at fattop, and sines the analyzing
pawer At fattop in equal to ar larger than ak inpectinn, thess reaulta indicaba sizable polarization
lnms hetmean injection and fathop.

Laking inlo aesounl Lhe sLalisuienl arrors of Lha larpel ealios, Lhe ahrpa of Lhe dialribulions,
and Lha LoLal numbear of palios. A eonsarvAlive s vilue Appaara Lo b epg femg = 10,
which Lhan pives

Apefding = LD [ 14}

This resull i8 enaislanl wilh Lhal assummed during Lhe resant RHIC polarbead prolon runa

(Afiarf Aing = 10},
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FIG:. 19 Hintogram of the rakio of anymmetries ak dattop to ingection. a) Blue ring dafa, for both
flattop and injenfion. b] Yellow ring data for both flattop and injection. o) Bemulta for one ring ah
injenticn (umally Blua) and the other at fathop.

7. Heam Palarmation on Flattap

Tha RHIC analke ara axpactad Lo pravanl baam dapolacisalion during Lhe Dallop, How-
avar . Lha dalr oflan show A drop in aaymmealey wilh Lima in Lhe QU ses Figa. 21 and 22,

This expeclaliog was Lealed wilh Lha polacimalar dala by Torming paymenaley faliof L Lhe
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FI:. Nl: a) Hintogram of the ratin of asymmetries at faktop to injection from the three groupa
shewn in Fig. 19 The dashed line containg all rakios, while the aalid line rejecta results with
mmall é fiqs a8 dencribed in the text. b) Individual messurements of & fgsf féngy shemm with shatintical
arrarm, ordeced by mize. All results with A ratin goeater than or equal to 1.0 are shown.

Oeal pweraurannanl on Ll Lop:

Matdn = eifer, 227 < n

Ench ralio had holh maymmelries masdured in Lha saowe 0l and beaam Sevaral eondilions

woitws Rpipiliad LoLhe dala: 1} AL lanal Lhrea polae inalar iaadau bananl wera eaguised on DaLLop
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RHIC polarized pp performance (01/01/02 - 01/25/02): Blue Beam
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FIG. 21 Plota of X asymmetries normalized to the anymmetry af ingection as a funetion of time
within & fill for the Blua ring RHIL palarimebar. The fll mmbear in noted.

in Lhaaamea basm [Yallow o Blua} and 0l 2} Tha rgniludeol Lhainilial DalLogp symonaley
had Loy axessd L3 13 2. 3} Filla wilh apecial eondiliong or wilh koown polacimalar baed waea
problama wara axeludad.

Tha raLioa wara placed in ona of sevan Liw bing allar Lha Deal ouarao panianl,

94+ 1f2 hr, 3149 ke, T L1f2 he, > 7.5 hra

e a

and waiphled awirages compulad. A Lolal of 51 sala of runa (baam, 01} are ineluded. Tha
woaigth Lad Avaragees of Lha ralios s A lunelion of Limea for Lha Yallow and Blue baam sapacalaly
are ahown in Fig 23a, and v dala [om bolh beama eombined in Figo 23h Thesa dala

ara alao givan in Tabla 1 balow. 1L can ba sean Lhal Lhae agymmalry talios ave all les Lhan
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RHIC polarized pp performance (01/01/02 - 01/25/02): Blue Beam
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FIG:. 2 Plota (mnt.] of X asymmeatries normalivzed to the asymmetry af injection as A funetion
af tima within a fill for the Hlua ring BHIC palarimetar. The fill number in neobed.

TABLE IT Asymmetry ration on fattop for the Yelow and Blua rings and for the sombined reaulta
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FIG:. 23 Asymmetry ratios as a funetion of time from the beginning of dattop. (8] Individoal
re1lta for the Blue and Yallow ring. (b)] Combined data from the tan rings.

L) and decranse wilh Lima. A linaar 0L was done Lo dala [eam Lha Yallow rings [oveing Lha
0L Lo o Lheough Lbha Oral poinl. This pave &oalope of — 0203 &£ 0037 For Lhe Blus ring
A similar L gives & alopa of — 0511 &= ({45, This ean ba inlarpraed a8 A depolarizalion
eaba of 2% per bowr and 5% par bour foe Lhe Yallow and Blue ping, seapeclivaly, or of decy
Limed of 4% and 20 hours. Allarnalaly, one mighl hypolhesize thal Lhe RHIC polarinetar
bad ayalamalic arpora which are eorealaled wilh Lhe changing banm eondilions doeing Lha

4}



ALOre.

An obvioua inlarpralalion ia Lhal Lha BHIC harima wara dapolarizingon Qallop. Howavar,
il ia alao posible Lhal ehanges in baam phrae apres or ayalamalic aecla in Lha polarinalara,
posaibly eoeralalad wilh Lha lower rabes [abar in Lha Olla, eonleiboled Lo Lha obsarwad deop

in pnenaured Ry nuenal e,

VI. EUMMARY

Tha [ollowing eonelugions ean ba drawn [tom Lbe analyses in Lhis nola:

¢ Racalibralion mapsuramanta wara parformed Lor Lha 200-Ma¥ polarimalar using Lha
4+ aladlic scallaring ranclion. Tha peulla ave eonsialanl with Lbe oldar ealibralion
for Lha 127 arma.

# High ralea in Lha 200-Ma¥ polarimalar dua Lo Lha highar barm eureranla om Lha naw
oplically pumped polarised ion soures are alill a problam, aven allar aome hard wara
changea.  Furlhar impreovernanta Lo oaabka bolh Lhe 4+ and p 4 d ayslams mobe
rala Lolatanl are required. The g + & ealibralion ahould be rapaaled Allar Lhese

[npirowa A nLa.

+ The AGH (EB3}} polarimalar ahowad no diveel avidanes of ayslamalic alacla come-
parable Lo alalislical unearlainlied in RHIC run 2. Thara was alao no evidanes Lor
Ay Alemmalic alecla on Lha baais of bew diaghoalies or Leala (ses Figa. 3,5, 6} Howavar,
highar eounling rabea in Lha EBBD polarimalar seinlillalion eounlas in Lha paral bavs
pieved uoad gignileanl ayalanalic areoes.

¢ Ll appeara Lhal Lhe beam polacizalion was similar al 200 MaY and &l & = 7.5 (3.5
GaY e} durings Lha RHIC run 2 pariod. Howevar, Lhara was apparanlly Lime-depandant
dapolaricalion halwean Gy = 7.5 aond 12,5, probably eaused by Lha Gy =04 inlrinaie

raaohanea, and Al highar anargies.

& A eomparigon of luminosily Ay menalries [oe Lha Lhras pairs of deleclars in anch RHIC
CN1 polarimalar indiealed larga nombara of alalistieally aignileant difarances Lheough-
oul Lhe run pariod. The ovigin of Lhese dillarancess is nol presanlly undaralood, bul
Lha problams appasr worse in Lha 1-4 daleclor pair in Lhe Blus and Lhe 25 daleclor
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pair in Lha Yellow ring polacimatar. Thera are alao signilleanl sombars of rups wilh
nbeards Wp-down abd a0 Rayounalried, eygs Abd eogs, which ara nol axpecled. 1L
RPPIARES £yyg 19 s0mawhal eorralalad wilh Lha luminily raymenalr y dilaraness. T heaa
obRar valiond augeel Lhal Lhara may b sicable ayslamalic alkela in Lha phyaies agy m-
ralrivd, a0 Lhal & < 5% tarauramant of barm polaeizalion may nol ba pogsible wodar

Lha presanl eondilions,

& An adlimale of Lhaaleel of warlical baro posilion eorvalabed wilh banm apin diveclion
augrpedlad Lhis was nol Lbe eauss of Lhe laege dilaranes in Luminogi Ly e ymenal i o

of Lha nonsapo eros and up-down physies aaybumeal i,

* A sanreh lor eorralalions balwean Lbe X9 phyaie aaynoealt y, « yan, Atd Lhe assoeialed
luminogily aaymmalry was unaueeasalul. Howavar, & wank eorvalalion was obmarwd
bialweat & yen Rid Lba 2090 paoovalrical aayinonalt y, bul BHIC oparaling eondilions oy
bave ehanpad owar Lha lowr days of Lhe dals a4l Leslad eausing Lha olsar wid eorralalion.

# The mann ralioof RHIC polarinaler asymmelries al injection [oe Lhe Lwo rings was
found w ba eonaiatanl wilh Lhe ealio of Analysing powers Dor eyy o and Lha loasl squaeas
0L X asymumalry. Tha ralio Lor exes dillared by aboul lour slandard devialions [rom
Lha olhar Lwo ealiog. Flueloalions in Lha ealios are ouldide alalislies, bul eompare skl
Lo infarread ayalamalics alecla in luminodily sy maley dilarenees, aa wall A9 evas and

End K.

¢ The ralio of Oallop Lo njeclion Analywing poweas Lo Lhe BHIC polarimalar ia
Appsf Aing = L0, basad on Lhe obvarwd ralio of aaymmelrien. Using Lhia eondilion,
Lhare wara many BHIC 0118 wilh aignilleanl polarialion loases during acealaralion Lo
OaLlop. This s eongislanl wilh Lhe sizable diflarenees in dallop Asymoelris in Lhe

Lwi prolarimelara Lhal wara Faquanlly ot wd.

e On awiraga, Lhe magmilude of Lhe Qallop asyoamelry decraased over Lhe eourga of &
Oll. The rala of decranse in Lha Blua ring (~ 5% per hour} was highar Lhan in Lhe
Yallow ring.

Based on Lbhe Lral Lwo eonel usions, iL appaars Lhal in fuloes rung Lioee ahould ba davoled Lo

ritinnies polareialion losss during reeelaralion rond Dallogp in RHIC,
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