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Preface to the Series

The RIKEN BNL Research Center was established this April at Brookhaven National Labo-
ratory. It is funded by the “Rikagaku Kenkysho” (Institute of Physical and Chemical Research)

of Japan. The Center is dedicated to the studv of strong interactions, 1nr‘]ndlno hard OCD/snin

apan. The Center is dedicated to the study of strong interactions, includin hard QCD/spir
physics, lattice QCD and RHIC physics through nurturing of a new generation of young physicists.

For the first year, the Center will have only a Theory Group, with an Experimental Group to
be structured later. The Theory Group will consist of about 12-15 Postdocs and Fellows, and plans
to have an active Visiting Scientist program. A 0.6 teraflop parallel processor will be completed at
the Center by the end of this year. In addition, the Center organizes workshops centered on specific
problems in strong interactions.

Fach l-chn
Each workshop speaker is encouraged to select a few of the mos

from his or her presentation, accompanied by a page of explanation. This material is collected at
the end of the workshop by the organizer to form a proceedings, which can therefore be availabie
within a short time.

Thanks to Brookhaven National Laboratory and to the U.S. Department of Energy for providing
the facilities essential for the completion of this work.

-

T.D. Lee

July 4, 1997

This manuscript has been authored under contract number DE-AC02-98CH10886 with the U.S. Depart-
ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publizh or
reproduce the published form of this contribution, or allow others to do so, for U.S. Governiment purposes.



Introduction

E. Leader Ce e 1
Outline of “The Spin Dependence of High Energy Proton Scattering”

T.L. Trueman . . . . . . o o v v v vt e e e e e e e e e e e 3
Experimental Work on the Proton-Carbon CNI Polarimeter

H Huang . ... .. .. ... .. ...... 23
Polarimetry at RHIC Using pp Elastic Scattering

YA/ £ aianim 45

Yy . uwrs yll/ P T S T T P TR S S T
Single Spin Asymmetries at RHIC from Factorized Cross Sections

G. Sterman . . . . . . . . e e e e e e e e e e ool
Phenomenology of Transverse Singe-Spin Asymmetries in Inclusive Processes

M. Anselmino . . . . . . . . . L e e e e e e e 80
Asymmetries in Inclusive Pion Production from Polarized Protons on

Carbon and Hydrogen Targets for the RHIC Polarimeter

C. Allgower . 106
Asymmetry in Charge-Exchange Reactions (BNL 948)

E.J. Stephenson . . . . . . . .. ... . 123
An Absolute Polarimeter for Protons

E. Leader . 139
List of Participants

149

Workshop

152



Introduction

Elliot Leader

The RHIC collider, in its pp mode, will be a unique machine. It will open up a new
frontier in the use of spin in the study of hadronic physics. Using its polarized beams,
a whole new range of tests of the Standard Model will become feasible, and much new
information about the detailed partonic structure of-the nucleon will emerge. It will also
be possible to answer intriguing questions concerning the relationship between pp and pp
total cross-sections and real parts of forward amplitudes, questions which are relevant to
attempts to understand certain aspects of non-perturbative QCD.

This entire, rich program relies upon an accurate determination of the polarization of
the proton beams, a matter which is far from trivial.

In the summer of 1997 Larry Trueman and I ran a six-week Working Group, the aim
of which was to try to understand theoretically the accuracy with which one could predict
the analyzing power of various reactions which were under consideration as high energy
proton polarimeters. The results of the study [1] were somewhat negative in the sense
that we concluded that analyzing powers could only be predicted to within an accuracy of
+10%, whereas RHIC was aiming for +£5%.

On the other hand some very positive consequences followed. The working group
stimulated the study of a polarimeter based on CNI in proton-carbon scattering and this is
the polarimeter that will be used in the early stages of RHIC operation. It will be regarded
as a “relative” polarimeter and will have to be calibrated absolutely at some later stage,
probably via use of a polarized jet hydrogen target. In addition the surprising discovery
was made that proton-proton elastic scattering, at high energy and very small momentum
transfer, is self-spin analyzing, in the sense that the measurement of a sufficient number
of spin-dependent observables will yield not only the values of the helicity amplitudes, but
also the value of the beam and target polarizations.

All methods of measuring the polarization P depend on measuring some asymmetry:

Measured asymmetry = AP
where A is the analyzing power of the reaction.
There are two classes of reaction:
(a) Where you believe you can calculate the analyzing power e.g. CNI.
(b) Where A has been determined by experiment elsewhere e.g. pp — 7.X.
For each there exist problematic questions:
Q(a): How accurately can you calculate A?

Q(b): How sure are you that A, measured at lower energies, will have the same value at
RHIC? '

The Working Group of the summer of 1997 mainly addressed Q(a), [at the time very
little was known about Q(b)], and, as mentioned, stimulated the decision to use a protou-
carbon CNI as the initial polarimeter.

The present one-day Workshop aimed to discuss:



et

the conclusions of the 1997 study (Leader, Trueman)

_____ Al 1841 "'l’

new theoretical work relating to Q(b) (Anselmino, Sterman),

LW N
N

the status of and new ideas on the experimental side (Allgower, Guryn, Huang and
Stephenson).

An important conclusion from this Workshop is the realization that hesidﬂs the
spin-dependent experiments planned by STAR and PHENIX, it would also be very inter-
esting to undertake a detailed study of spin-dependence in pp elastic scanr,ermg. Thereby
one could test some of the QCD-based ideas about the dynamical mechanisms at work.

The Workshop, which was attended by about 30 people proved to be extremely stimu-
lating, with a great deal of discussion and a healthy give and take between experimentalists
and theorists. It is hoped that these Proceedings will be both interesting, useful and stim-
ulating!

I am very grateful to T.D. Lee and the RIKEN/BNL Research Center for encour-
agement and support. My thanks to Tom Kirk for welcoming the participants, to Pam
Esposito for her help in the early stages and to Fern Simes for her vital help in organizing
the Workshop and preparing these Proceedings. Finally, I am grateful to the UK PPARC

for a travel grant.

Reference
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[1] N.H. Buttimore, B.J. Kopeliovich, E. Leader, J. Soffer and T.L. Trueman, Phys. Rev.
D59 (1999) 114010.
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4.
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Review of various models: pert. QCD and quark
models (various), pion exchange (ref. Kaidalov et
al, Pumplin & Kane, Goloshkokov et al), impact
picture (Soffer et al), etc.
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. Model-independent bounds on spin-dependence and

Determination of all spin dependent amplitudes
independent of beam polarization. Leader will
discuss this section.

Conclusions.
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Best fits to 704 data with and without Im(t) =0
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Comparison of Ayy for various values of 1, :
021 (lower), .02 (middle), .02 + .02 I (upper).
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Dpln oepenaence falis raplaly with energy at low to
moderate energy but is consistent with very large

15 (best fit is -0.6) and leaves substantial spin-

dependence at the high energy. In principle, 75
could increase logarithmically with energy.

Model calculations of spin-flip coupling are varied
and so are the results. All predict small r5 (less than
10-15 %) but with different energy dependence and
differing sign! Not reliable for CNI but indicates
that physics can be learned by measuring A .

Spin dependence important for understanding the
\V4

dynamics of high energy elastic scattering via, for
examnle cancitivitv to the adderon
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Experimental work on the proton-
~Carbon CNI polarimeter

1 CNI Polarimetry

2 Experimental Setup
3 Preliminary Results
4 Plan toward RHIC
Haixin Huang BROGK{I&%EN

NATIONAL LABORATORY

BNL

1 Haixin Huang/BNL
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RHIC Polarimeter Requirement

Near Term RHIC spin program schedule

FY2000: commissioning yellow ring up to 100GeV
with polarized beam(one ring polarized)

FY2001: Physics run at 100GeV(both rings
polarized)

need a fast and reliable polarimeter with 10 %
relative error in a few minutes or seconds.

8/19/99 2 Haixin Huang/BNL Bnﬂﬂlﬂ'ﬁEN

NATI (),‘_.\JA'L LABORATORY
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CNI Process

Coulomb Nuclear Interference Regioh
(very forward elastic scattering )

0.003<—t = g* <0.01(GeV / ¢)*

CNI is an interference effect
between the purely Coulomb
spin-flip term and the
hadronic non spin-flip term
in the scattering potential

8/19/99 3 Haixin Huang/BNL
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Beauty of CNI

@ Calculable analyzing
power of about 3~5%

@ Large cross section over

the whole RHIC energy
range.
® Weak beam energy
dependence
5

8/19/99
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Principle of CNI

® Forward proton 1s within o
the beam }
@® Detect the carbon recoil | - |
. . | t rri;miré(gzitr{?;?cnlgl?g?s thick
instead(S1 detector, MCP) . R ’
. Polarised Proton Beam / -
® Slow recoil carbon - . -
, Forward Proton
) detected between bunch
Crossings " Recoil Carbon, 100 .. $00 ke¥
@ Ultra thin ribbon target |

ewmey  Silicon Detector

allows for polarization
profile measurement

Haixin Huang/BNL BROOKHEAEN

8/19/99 6 NATIONAL LABORATORY
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@ Whether carbon nuclei have enough energy left.
= thin target ( 4ug /cm®, 6Um y
@ Slow particle detection
=> Silicon strip detector(25cm from the target)
140-200ns trom bunch crossing
Delay trigger 50ns after the crossing to avoid the promp

@ Entire CNI region for RHIC energy range is with 20 mrad w.r.t 90°
Angular correlation not useful to restrict the kinematics
= Need TOF(time of flight) and energy
can be obtained with MCP and SSD or SSD only

8/19/99 7 Haixin Huang/BNL BHUUMEN

NAI']()\JAL LABORATORY
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AGS E950 Goals

® Detect carbon recoils with SSD /MCP

® Determine the asymmetry and measure the
analyzing power

® Check with theory the -t dependence of analyzing
power

® Principle-proof experiment for RHIC CNI
polarimeter

8/19/99 8 Haixin Huang/BNL BHUBMEN

NATI O NAL LABORATORY
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Silicon Strip Detector

12 1TemX2mm strips

Combine two strips as one channel

in the AGS Experiment
Bias voltage ~100V

8/19/99 9

n~type Si

Haixin Huang/BNL
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Proof of Carbon events

@ Comparison between

. . 99/05/03 15.24
targﬁt ln/out runs glves o) 00279.hbook 00270.hboak ” 5
o [ : ) T
the proof of Carbon =R
. '_D :
detection > w w0 |
v B
@ Target frame may be S
11 1 Q 200 H’ 200
par tlally in the beam = f_
even with the target 0 | 15
out configuration
@ Rate was sensitive to w0 5 | .
beam position R e
ADC distribution
8/19/99 14 Haixin Huang/BNL Bﬂﬂﬂl(ﬁﬁﬂl
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Resolution Improved with MCP

300 [ 300 F
250 E Si onl 250 — Si -MCP
@® Bunch width ~ 25 ns 200 b 200 E
Bunch crossing freq. ~370kHz o0 F - 150 £
® Trigger " 5
(OR of all SSD channels)®RF signal 3 P
0 g 200 400 600 0
® Si TDC start was beam RF e
® Inherent 7.2ns width from beam oo B 2 ol o0 B o ™ S
bunches 1200 1 e W
' 1000 £ 3000 E o=2 .pns
Using Si-MCP gives inherent S1 time s00 | i
. 500 :_ 2000 E .__» <—_
resolution of 2.5ns. : 1500 £
500 1000 f
200 F 500 £
o b L 0 Eilue iyl i Dt i 1
-50 -25 0 25 50 -850 -25 0 25 50
Residual(nsec) Si Residual{nsec) Si~MCP

Projection along the profile

8/19/99 15 Haixin Huang/BNL Bﬂﬂﬂlﬂﬁﬂ\l
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Data Analysis

. /é\ 350 |- % ENTRIES 2503839
@ Since energy =4 Carbon band $asito o o ottt
) . i Al t_ -‘ 0.000E+00 | 0.0D0E+00 | 0.000E-+00
calibration 1s not o F :
. =1 4 sigma cut
good(yet), use time =
slices to get -t bins | i \
e -

instead. 8 g L\
@ Carbon bands were -

selected using 4 sigma o .

cut from the center of T 6 time bin  “prompt

the bands R T T

TOC v ADC2, ¢channel 4

ADC values(ch)

Haixin Huang/BNL BROO KARVEN
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A N W Y d e A /‘\4‘“" b 4
ASymimetry
A e N + 0.007
W LUdiroon asymmeLr" iS RS T 73 0
L - B9 [Prelnmiimary |
statistically significant 0,006 |-
@ The nhvsics asvmmetry ! I l
N 4 LLL\/IJLLJUVUMUJ J b
. R . 1 et >\. 0.005 - __*__ !
increases witn arrivai time => = i |
_ < -\ ; !
follows the general trend as = oo | |
expected = i |
@ N t [ b lut g 0.003 F ]
0] }/6 abpsolute ) . ———t——
W L
e A f ] < * |
& Asymmetry )1 prompt 1S 1€SS < 0.002 |- Error bars are
e mn O DO [ . statistical only
tnan v.uuil - statistical only
0.001 - 4‘—
[ {
0|11|l‘||1:|_1|11£|411!1|4|1:1|4"
g 1 Z 23 4 o i}
Asymimetry
mye o 1o
1 1111C DI1I1S

8/19/99 17 Haixin Huang/BNL
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RHIC pC CNI polarimete

® Same statistics(200 measurement) can be obtained
in about a minute in RHIC at full luminosity

@ Installation in the RHIC ring by Mar. 2000

e® Vacuum chamber design has been done

® Target design same as the AGS one

® Dectector assembly modularized

@ Data Acquisition ( remote controllable)

e Improvement on the electrical noise reduction

Haixin Huang/BNL Bnoﬂ"ﬂ[“

NATI O NAL LABORATORY
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pC CNI polarimeter for RHIC

RS

gebin o > =« e ]1.6m long(5:1 tapering

Lo e 8 s . on both ends)

" . e17cm radius

o3 pairs of SSD detectors

evertical and horizontal
targets

ecapable of measuring both

vertical and horizontal

beam polarization profiles

2
"h": &
AR
:
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Polarimetry at RHIC Using pp Elastic Scattering

Upt pton, NY 11973, USA

Abstract

Considering recent conceptual progress on polarimetry at RHIC we have developed a
scheme to use PP2PP for the absolute measurement of beam polarization in RHIC. In
addition to the equipment proper to PP2PP for detection of scattered protons, the scheme

involves a jet target, both polarized and unpolarized, and a recoil detector. Measuring the
scattered proton is important for backeround reiection. Three recions of four-momentum

PAVIVLL LS ALPULMGLIL LU UAVHEI VUL AT ViV S HULL LT EIVIAS L IR TRV L

transfer -¢, where the analyzing power Ay, in PP ! elastic scattermg is appremably different

from zero, are considered: the CNI region 10°<-t<2 10" (GeV/c) and the regions of
amall ¢+ N1t DA /f‘a\lln\ ‘and  madin t NDRetel A (GaV/e) The
olliall by v

17 =%
A< VA (UEY/C) and meaium -4, v.e<-I<i.a \(GeV/C) . 140 Culreén

information about analyzing power Ay for such reactions is sufficient to give a choice of
processes to be used for polarimetry at RHIC. Judicious practice recommends the use for
crosscheck of at least two methods measuring the beam polarization. Two distinct goals

of having a 'relative' polarimeter, for a fast turn-around monitoring polarization during
beam cgmmissioning and tuning. and of an "absolute" pnlmﬂmptpr necessarv to

tuning, and bsolute'" polarimeter, necess
determine the absolute beam polarization during the physics runs over longer times of
one or more machine fills with stored beams are considered. The former needs a possibly
large analyzing power, whose value however doesn' need to be very well known, but
should be eventually calibrated versus the latter one, whose An has to be determined
either from reliable theoretical calculations or from a high precision set of data at various
relevant energies. The polarized jet target, of intensity 10'cm™ is sufficint to be used for
the absolute calibration. An unpolarize jet of intensity 10'%cm™ is proposed for online
monitoring of the beam polarization. The apparatus for the measurement of recoil protons
is described. Using meausred cross sections and assumed An, the rates and attainable
precision of the absolute calibration of beam polarization are caclulated. Existing data, in
the range of interest of RHIC, provide the required 5% accuracy only at few data points.
Deeper scrutiny of the CNI spin asymmetry, in principle calculable on the basis of

reliable QED and diffractive physics concepts mdlcates that the An is sufficiently large,

Af the arder ~Ff 2_A0L.  and ealotively jedamandas e A griavamtan thot haos
Ut LIC  uUlLuC] Ul D=4 /0, drld ICl(lllVCly lllUCl)CllUCllL Ull Yo LU bumautcc Lildat vcCalll

polarization could be messured using pp elastic scattering process.

ot
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Polarized beams

With transversely polarized protons and measuring of AG, An,
Ann we will determine helicity amplitudes ¢y(s,t):
L. Trueman et. al PRD 59, 114010 (1999)

. the difference of Gggt as function of pure initial transverse spin:

- and the double-spin correlation parameter, ANN:

4 1 Nyy+Ny =Ny =N,
W PPcos’@ Nyy+ Ny + Ny + N,

(P; is beam polarization, ¢ is scattering azimuth)

w e AL RA L h I .V, RN h s TARA N
O ~<+HHi M+ > P2 ~ <—i V1 i++> P3 ~ <+—i V1 i+—>
04 ~ <+—IMI—> Os ~ <+H M [+—>.

o cnwsasurenments chatlenge sirony interacton theors . ~ioce fien
Sece the application of QCD i a kmematicad region whete non
corternative ettects are impoitant,
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Summary of working group on PP2PP and RHIC
~ Polarimetry

M. Conte, W. Guryn, A. Penzo
(13-18 October 1997)

ABSTRACT

We are describing a conceptual design of a polarimeter for RHIC based on proton -
proton elastic scattering. Three regions of four momentum transferred -¢, where the
analyzing power is of the order of few percent, are being considered: Coulomb Nuclear
Interference (CNI) region 0.004 < I < 0.02 (GeV/c)%; small Il: 0.1 <ld <0.4 (GeV/c)%
and medium I: 1.0 <14 < 1.4 (GeV/c)® A use of both polarized and unpolarized
Hydrogen jet target is explored. A measurement of recoil proton and pp2pp apparatus to

measure forward scattered proton is also considered. The measurements with pp2pp
apparatus in the collider mode are also described.

Introduction.
The analyzing power Ay of proton - proton elastic scattering in various -t regions

and number of incident proton momenta [1-N or a review]. They indicate that Ay is
sufficiently large to provide polarization measurement using pp elastic scattering.

Main goals of polarimetry at RHIC.

Considering recent discussions [1] on polarimetry for RHIC we have developed a
scheme to measure polarization of proton beams at RHIC using pp2pp apparatus, a jet
target and a recoil detector. The goals of the RHIC polarimeter have to accomplish two
fundamental tasks for the polarized collider:

1. During the commissioning of polarized beams, in the beam momentum range

[25,250] GeV/c, with a (relative) polarimeter one needs to measure beam polarization
Pg with 10-15% relative error, in few minutes;

2. Measure beam polarization, at top momentum 250 GeV/c, with a polarimeter with 5%
absolute error.

The proposed scheme aims to satisfy the above requirements.
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For the completeness of the discussion, we would like to discuss general issues
related to any scheme used to measure the polarization. The beam polarization (normal) is
measured counting left and right scatters in a polarimeter with a known analyzing power
A (or counting scatters on one side with beam polarized up and down). Since Ayis
given by: '

A, =
N Pycosp N, +N,

Where:

N, is number of events scattered into a detector when the beam polarization is “up,”

N, is number of events scattered into a detector when the beam polarization is “down,”
Pg is The beam polarization,
¢ is the angle between the scattering plane and the beam polarization.

In order to measure polarization one needs to choose a physics process which is
sensitive to the polarization of the beam, namely reaction that has an analyzing power Ay.
One can then determine the beam polarization Pg through known Ay and measuring so
called raw asymmetry €:

E=AyP, COS¢=—ZV—_;TV—
T 4

P = 1 NT—N.L_ £
P A, N.+N, A,

() L] %)

One can show that for € <<1:

(ég}z 1-¢ 1
€ £2NT (ANPB)ZNT

For a good polarimeter the contribution from the second term on the RHS in (4)
will be small. This leaves the first term, the error in the analyzing power of the physics
process, as the dominant contribution to the error in APg/Pg.
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General comments on polarimetry issues.

Better than 5% error in beam polarization measurement is required so that the
error on double spin asymmetry, Any for example, is less than 10%. The polarized
proton beams at RHIC will have polarization in the vertical direction, normal to the
accelerator plane. Therefore we shall use notation Td do describe up and down spin
orientation, or in short “N”. The double-spin asymmetry, Ann is given by:

A o] Nop =Ny Ew
MOP2Ny+N, B

where €nn is the raw asymmetry, whose error is:

(AANN T ~ (mpg T . (AgNN ]z
ANN ’PB ENN

One can show that for the total number of events Nr, the error on raw asymmetry is :

2
A£ 2__1_8NN
NN T N

and for raw asymmetry exn <<1, the error is Aexn = N1'? and hence:

By 2 _ : L
[5)\',\' J —(ANNPB) _«/ﬁ

Py is the polarization of each beam; Ny, (N;,) is the normalized number of events
observed with the beam polarizations parallel (anti parallel); N is the total number of

events, Ny, + N;,. The first term on the RHS in (2) is the polarization error, the second
term is the statistical error in the asymmetry.

Equation (2) shows that the fractional error in the polarization (APg/PB)
contributes proportionally to the significance of the measurement (AAxn/ ANN)-
Therefore, for a polarization error of 5% then the contribution to the

two-spin asymmetry is 10%. The polarization error will be smaller than the statistical
crror, for measurements with less than 10 sigma statistical significance.
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with standard tun nd available space.

. Large figure of merit - (PgAy) for accuracy and (Pgo) for rate

mMmnrnnartant

We believe that analyzing power in p'p elastic scattering can solve
the above.

Since at the moment #3 1s done by pC CNI method, we will

concentrate on 1, 3, and 4. (This is not to say that #3 could not be
don with pp elastic also.)
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Wlodek Guryn
RIKEN Polarimetry Workshop
08/18/99

pp Elastic Scattering and Polarimetry

1. It is a simple reaction, which for the purpose of 2 and 4 can be
done off line with the full power of rejecting backgrounds

2. If used with the measured elastic cross section it can provide the
luminosity monitor at each experiment.

3. Existing data in pp elastic scattering can be used as a guide to

look for a suitable region in -f to measure beam polarization at
RHIC.

1 reaction in pp (elastic scatten__g) in the RHIC
energy doma1 that has been measured or been calculated to 5%
accuracy

5. A polarized jet target, 3 polarized Atomic Beam Source (ABS)

Guided by existing data and phenomenology, candidate regions
are:

o (NI(107°<-t<10?%GeV/c?) - essentially energy independent,
large figure of merit ANG.

e - (0.1 <-t<0.4GeV/cY) - large enough Ao, can be used
a

o (0.8 < -t < 1.4 GeV/c?) - polarization could be higher
than previous two, could be used with standard tune.

All need careful study, before application at RHIC. All hav

>

C
A survey pulml IS an (xh\uhllc NeCessIy,
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We assume as uswal addiitivity of the hadronic and elec-
tromagnetic amplitudes (¢; = ¢% + e¥¢¢, i = 1,...,5)
with §, the Coulomb phase shift (§ = ~alnjbt/2 +
4t/A%| — 0.577a) and A? = 0.71(GeV/c)? the dipole
Sachs form factor parameter. It is generally considered
that ¢, ¢q, and @1 — ¢3 are all negligible in the region
of study; this is certainly true for electromagnetic ampli-
tudes and is very likely to be true for the hadronic. Thus
¢1 = ¢3 and ¢s are the most significant amplitudes for
AN.

The denominator of Eq. (1) with proper normal-
ization corresponds to the pp elastic differential cross
section which, at low momentum transfers, is usually
parametrized by neglecting spin-dependent terms as

2 2
do 4ma®  of,

ebt/2
—d—t = o + 67 (1 + pz) Cbt + ——t—-amot(J + p) (2)

where o is the fine structure constant and b is the nu-
clear slope parameter. For higher values of |t| we will
include the contribution from the helicity single-flip am-
plitude as in Eq. (4). The total cross section is written
in terms of the imaginary part of the hadronic nonflip
helicity amplitudes according to the optical theorem as

(g} +6) limo = o [s(s = 4m*) V00 (3)

where m is the proton mass.

The elastic pp polarization measurements performed at
[t| values [0.15 < [t| < 2.5(GeV/c)?] at 100-300 GeV/c
beam momenta [7-10] and other. lower energy experi-
ments {11,12] show the following general features.

(1) A positive analyzing power Ay at small |¢| values
(0.1 < [t| < 0.4(GeV/c)?| decreases like ~ 1/4/5 up to
5 = 50 GeV?, with a possible flattening around values of
a few percent up to the highest energies. .

(2) For s > 50 GeV?, Ay changes sign around [t] = 0.3
to 0.4(GeV/c)? from positive to negative and reaches
a negative minimum followed by a sharp zero crossing
in the region where the diffractive dip in the differen-
tial cross section develops around [t| = 1.2 (GeV/c)? and
possibly remains positive at larger |¢| values.

These features have stimulated a number of specula-
tions on the existence of a hadronic helicity single-flip
congribution, #%, that does not necessarily decrease as
s7Y2,

Recent elastic pp scattering results at very small an-
gles from Fermilab help to advance our understanding
of the hadronic single-flip helicity amplitude. By using
the polarized proton beam at Fermilab and scattering
on a recoil-sensitive scintillator target, it was possible
for the first time to measure the analyzing power of pp
scattering at very small [¢| values [1.5 x 1072 < [t| <
5.0 x 1072 (GeV/c)?] around 200 GeV/c [13]. This mo-
mentum transfer range was not accessible in other exper-
iments that used unpolarized beams and polarized tar-
gets at comparably high energies. The data set around
200 GeV/c that we are considering in this study spans
1.5 x 1072 < |t] < 0.6 (GeV/c)?. Over this region, the
asymmetry can be expressed as

V-t (p— 1)z —2z1 4+ 2(pl = R)(1 + t/T)
m 14 (p—=2)? = g5 {{(n— 1)z - 2R]E + 41%}

(4)

An =

52
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wheze z = £, /|t], £, = 8xafowe = 1.8 X 1073 (GeV/c)?,
and p = 2.793 is the magnetic moment of the proton [14].
‘The Coulomb phase may be omitted as its inclusion does
not alter values of parameters significantly. I and R are
the ratios of the imaginary and real parts of the reduced
helicity single-flip $2 = (m//=t)¢2 to the imaginary
part of the averaged nonflip amplitudes, respectively, and
defined as

Ril= lim — 28 (5)
—t=0 Im (¢} + ¢3)

where the m//—t term originates from angular momen-
tum conservation at ¢ = 0 constraining the asymmetry
to vanish at least as \/—¢ there.

We parametrize the asymmetry in the higher part of
the |t| region of interest with the factor (1+¢/7) in the last
term of Eq. (4) to reflect the t dependence of the hadronic
contribution. We do not attach such a ¢ behavior to any
one of p, I, or R in particular, but to all in combina-
tion. The parameter 7 is related to the zero-crossing po-
sition of the asymmetry around —0.3 to —0.4(GeV /c)2.
In the region where || > 0.6 (GeV/c)? this parametriza-
tion should be augmented to represent the second zero
crossing at about —t =~ 1.2(GeV/c)? from negative to
positive after reaching a negative minimum, possibly due
to a near vanishing of the spin-averaged amplitude at
this value of momentum transfer [1]. However, in the
region of the present analysis, |t| < 0.6 (GeV/c)?, and
given current data, our linear parametrization describes
the Anx behavior with sufficient precision.

Table I shows the results of fitting the expression in
Eq. (4) to various combinations of available elastic pp
asymmetry data (see Fig. 1). All three parameters R, I,

O AKCH 185 GeV/c

® AKCH 200 GeV/c

% SNYD 100 GeV/c

A FIDESD 150 GeV/c

Y FIDE78 150 GeV/c

# FIDE 200 GeV/c

< CORC 176-205 GeV/¢
® SNYD 300 GeV/c

I
L
|
1
L
f_
[
’. L. GAID 45 GeV/c

-6 L__.‘ : e ] : e

=2
10 10

ﬁ.__.l__lilh—\l

—t (GeVv/c)*

FIG. 1. The three curves represent the fits to the pp asym-
metry data in the 1.5 x 107> < [t] < 0.6 (GeV/c)? range we
have considered (see Table I). The solid line corresponds to
1, dashed to 2, and dotted to 3.
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PHYSICAL REVIEW D 59 114010

N-ﬂ .k  E.Leadew 38~

L Tvueumagan
0.06}

AN 0.047} [1-

0.02}°

L ]

0.01 0.02 0.03 0.04 0.05 ~-¢

FIG 1. The data points are from Fermilab E704 [48]. The solid
curve is the best fit with the hadronic amplitude ¢ constrained to

be in phase with hadronic ¢, ; the dotted curve is the best fit
without this constraint.

10 GeV Bocghini 1971
(1.8 GeV Kramer 1977
14 GeV Borghins 1971
17.5 GeV Borghind 1971
24 GeV Crabd 1977

45 GeV Gaidot 1976
100 GeV Snyder 1978
300 GeV Snyder 1978

50 100 150 200 250 300
P (GeVic)

FIG. 2. Ay= P in percent as a function of lab momentum p, at
1=—0.15GeV™.

a collection of data from various experiments which measure
P=Ay at different energies, all for r=—0.15 GeV? (or inter-
polated from nearby values), the smallest | for which there
is sufficient data to do this [56]. We have tried a fit suggested _
by Regge poles, namely, P=a+b/ \/.L+C/pl, L7] This is
“shown in Fig. 2 and the rclevant rcsult 18 that a=0.023

+0012.,
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i Table 7 : Recoil polarimeter rate and precision estimates I
IAAN/AN @] A Ac/Ac®| Aec/ec Nc Np Tc(min) |
0.04 0.03 0.0265 14.2 106 142 106 21 H
i 0.04 0.02 0.0346 8.4 106 84106 13|
0.08 0.03 0.0742 1.8 106 18106 3 H
0.08 0.05 00624 | 26106 | 26105 i |
0.1 0.03 0.0953 1.1106 11 106 =2 |
| 0.1 0.05 0.087 1.3 106 13 106 =2 |

(*) Target value for AAN/Ay and assumed value for AAc/Ac.

The rates are comfortable even taking into account the low probability for a second
scattering on carbon; hardware processors to implement the second scattering process
selection criteria on-line have been developed by PP2PP members {19].

5.3 Medium -It| region

Kinematical parameters for medium-Itl {0.8< Iti< 1.4 (GeV/c)?] are listed in Table 8.

Table 8 : Kinematical parameters for the large-it| region
el TR PR Or ToF (1.5 m)
(GeV/c)? (MeV) (GeV/c) (degrees) (nsec)
1. 500 1.12 31 4.5
12 600 125 33
1.4 700 1.37 34.5 "o

The rate is estimated : dN/dT =L x <6> x a =3 1032x 0.3 1030 x 0.2 = 17 /sec and_

attainahle accuraciec are licted in Tahlae Q Heare the rate limitation doec not come not from
dAassdriiiiaviaiw A W WAL UAN AWV D AN L O0UAL A A UAUILY Ve AAVwiVw UL JQALW B0 1LICULIVIIL UUNY ALV L WU dllWw AN aavaas

DAQ, but from the pp yield itself.

Table 9 : Estimates of rates and precision for the large- | t| region
APg/Pp™ | AAN/AN® Ae/e N T(min)

0.05 0.03 0.04 210° 200

0.05 0.04 0.03 3.5105 340

0.1 0.04 0.1 3.2 104 30

0.1 0.08 0.06 8.9 104 90

0.15 0.04 0.14 1.6 104 15
015 0.1 0.11 261040 | 25

(*) Target value for APg/Pg and assumed value for AAN/AN.

In this case a polarized jet of 1012 atoms/cm? would give about 0.1 event/sec, thus
IS TSN SN ANN Lo £ & P L2 T JUE £ B S DI U
LanillE AdDOUL SUU HHOULS 106 a4 070 Cd1IDIdLIOI dl 1utl DCAlll IHIETNSILY .
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5.2 Small -

It] region

Kinematical parameters for small-itl [ 0.1 < Itl < 0.4 (GeV/c)?] are listed in Table 5.

I Table 5 : Kinematical parameters for the small-| t| region T[

i el TR R ~en ToF(1.5m) |
N R \ 7

(GeV/c)2 (MeV) (MeV/A) | (degrees) (nsec) |

I 0.1 50 320 ~ 95 155 "

f 0.3 150 570 16 9 i

H 0.5 250 750 21 7 IJ

O is measured from the axis perpendicular to the beam line through the jet. A
dE/dx scintillation counter precedes the setup consisting of the polarimeter MWPCs and
hodoscope counters for time-of-flight. The expected resolutions are:

*+0.5 nsec

ATR =% 0.08 Tr (MeV) (from dE/dx]
ABOg =+ 2 mrad [= (opwpe /1) = 1mm/ 500 mm)]
AToF =

Rates are given by dN/dT =L x <6> x

o =3 1032

x21027x0.2 =

1 105 /sec.

Table 6: AN precision and rates for small- | t [ region
APg/Pg ™ | AAN/AN® Ac/e N T(sec)
0.05 0.04 0.03 5.6 106 50 (275)
0.1 0.08 0.06 1.4 100 13 (65)
0.15 0.1 0.11 4210° 4(21)

(*) Target value for APg/Py and assumed value for AAN/AN.

1

The time required taking into account a DAQ limit of 2 10% ev/sec is shown in”

parenthesis.

In this case a polarized jet of 10!? atoms/cm? would give about 730 events/sec, thus

taking about 2.1 hours for a 5% calibration at full beam intensity.

5.2.1Recoil analysis ( $k1P)

The recoil protons have (transverse) polarization Pg = An and

(AN =) Pr = (1/Ac) [(Lc - Re) /(Lc+ Re)] = ec /Ac (5)
the scattering of recoil protons on a carbon analyzer block, with error:

(AAN/ANGY = (APL/Po)2 = (AA~ A N2 1 (A ~fe )2 (6)

= N/ N/ \&t Kir K/ NSO 742 ) \ - “/ \~7

The efficiency of rescattering in the polarimeter is taken as <n¢c> = 0.1 and <Ac> =

0.530.01. The statistical accuracy for this kind of calibration is shown in Table 7.
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5.1 CNI region ( otk QM )

The kinematical parameters for the CNI region [10-3 < Iti< 5 102 (GeV/c)?] are

listed in Table 3.
. Table 3: Kinematical parameters for pp elastic CNI
i il TR O ToF (0.5 m)
(GeV/c)? (MeV) (mrad) (nsec)
0.001 0.53 17.4 50
0.005 2.66 34.8 25
0.01 5.33 52.3 15
0.05 26,6 1134 7 ,

1
&3
»

Or is measured from the axis perpendicular to the beam line through the jet.

he

range of protons in Si is 30 um at 1 MeV and 250 pm at 5 MeV. The estimated resolutions

- . . .y .
with S1WEEgRdetectors are respectively:

c1)

| ATg =%{0.04+0.004 TR (MeV)
AOR =x 6 mrad [= (O'Jet/l) 3 mm / 500 mm)]
l AToF =%0. 8 nsec

(M
L “/
£ [- ! I's

AV

.
o>

The rate is estimated: dN/dT =L x <6>x a =3 1032 x 3 10-27x 0.1 = 8 104 /sec and

attainable precisions are listed in Table 4.

. Table 4: Estimates of precision and rates in the CNI region
& APn /Pn ("') A At /A\v(’(‘) Ae /e Nnu_ T(SQC)
S p/Aap SANT AN et it oV
0.05 0.04 0.03 2.5 106 31 (125)
0.1 0.08 0.06 6.3 10° 8 (32)
0.15 0.1 0.11 19105 2.5(10)

(*) Target value for APp/Pg and assumed value for AAN/AN.

Taking into account a DAQ limit of 2 104 events/sec the time for a measurement at

the specified level of precision is shown in parenthesis. Rates are sufficiently high to meet

the following conditions:

- less luminosity by a <3

- smaller beam polarization Py

!I O | B S S S P

1 SUit COompativic wiln measur
i - bunch-to-bunch polarization monitoring.
i

ement lllll

=0.4-0.2;

L‘[..
s of few {(2-5) m

ctor 10-100 (either lower beam intensity or jet density)

........

lllULCb

W

A polarized jet of 1012

about 1.5 hours for a 5% calibration at full beam intensity.
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Roman pot location is determined by parallel to point focusing.

L 1

On-board
Electronics

Roman Pot Detectors
(Silicon)

To Readout
and DAQ

RHIC Intersection Region with PP2PP Basic CB Setup

RPY’ RP2"

-100. m 0. : 100. m
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More than one pp.4;;; at RHIC, 100 GeV/c and 250 GeV/c proton beams,
will allow us to take data at two Vs points.

Lo . . A ] 2 a1 _ . .
At luminosity 4x10 cm sec ! » 200 hrs data on tape to acquire 1000

~e m nn f‘.‘"zl‘.z ...... M o 1.1
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Summary

that can

Lil€iL vl

CJ"
2
o
C:..

. We plan to measure both scattered and recoil proton to reduce

the background and improve -£ resolution. (GREAT PHYSICS.)

=
o

be used as a polarimeter it will require

== 1T

as a e
a polarized ABS which has been promise .
(Consequently two teams are involved: INFN and NIKHEF.)

Q-,;g
(o ullf
«
Z .
z
T
T

In the ("R and mande the ranoca _f S 0N NNA vo‘flr\z nf ONT
A Al A 1 L1IVUY LY 1“115\/ [P g VEILVAVAV IR W AV AY VAL 1L
. *

region can be reached with standard tune 3 =10 m

. In mode with a polarized ABS of 10"%cm™ intensity, in the CNI

region short calibration runs, few hours per energy, are needed.

. An existing, Italian molecular cluster jet has enough intensity,

14 ) . . X ;
10 "cm™, to allow quick, few minutes, beam polarization
measurements.

. Need to do careful simulation to verify the calculations and

optimize setup.
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Single Spin Asymmetries at RHIC
from Factorized Cross Sections
Jianwei Qiu!, George Sterman?®

of Phvs = TA ENNTA
1-) 1 1 L I'I1yS Lb auu AbeOIlOHly, lOS& Dta,te UIllV I‘\. €S, 1LAA OUUILL

2 C.N. Yang Instltut for Theoretical Physics, SUNY Stony Brook, Ston Brook, NY 11793-3840

ala anin L

Single spin asymmetries in single-particle inclusive cross sections have been observed
at moderately large transverse momenta |1 ] Nevertheless, they must vanis
enough transverse momentum, because in factorized form they require at one or more twist-3
distribution. The relevant factorization theorem in this case is [2,3]

=
8
=
3
3
&
E
®
B

o(57) ® Den(2

N’

N Sy
+_ 6qasa(z, 5r) {¢b/3(ﬂ?') ® 6 4pe(B7) ® DO, (2,2) + dy5(3), 75) © 81445 e(5T) ® Demar(2) }
abe

o/ A(x1,m9,sT) represents the possible twist-3 spin-dependent parton distributions, while
6qa/A is the spin-dependent, chiral-odd, twist-2 transver51ty distribution [4], Wthh must be

nairad in thic cace with o +wict Q chiral r]r] inn T)(3) ar eni

P(JIJL UAL 111 villlo vaoy vviliull (.b UYWIOULT U \/L]J (bl

parton distribution ¢(®, as shown.
For a number of reasons, we have suggested [3] that the dominant contribution to the

asymmetry at large transverse momentum is associated with the matrix element

V). o N fdyl dyy eit1 Pryy iz —z1) Pryy

Tp, (@n @287 = [ — (P&

Sela(0)7s [T Foo (53] $a (1) IPs57)

which couples gluon and quark degrees of freedom in the nucleon. Lue computed spin asym-

metry for pion production [5] is proportional to a derivative of T}e , which enhances the

cross section in the large-zr region, where substantial effects are seen at moderate pr [1].

The form of the leading-order calculation suggests that the twist-3 cross section will remain

observable at RHIC (,nergies, and predicts explicit dependences on kinematic variables that
focte

carll Ub lbblUU, l)blll(Ll)'ﬁ Wll;ll lllb DI(LIILUD Ubb(,(,LUl Uul alldlyblb lb bumpl
based on factorizations in transverse as well as longitudinal degrees of freed [6].

g)

=)
(I)
j
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SPIN ASYMMETRY:
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Mauro Anselmino

=

University of Torino, Italy

A phenomenological approach, based on a straightforward generalization of the
factorization theorem with the inclusion of parton intrinsic k,, is presented for
the description of transverse single spin asymmetries in inclusive processes. New
distribution and fragmentation functions, spin and k; dependent, are used to fit
Aviatinag data An me LV Y ard 44 rradint ainala anin acvrmrintrinag far nthar nrAanncana
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and other energies.
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Asymmetries in Inclusive Pion Production from
Polarized Protons on Carbon and Hydrogen

Targets for the RHIC Polarimeter

Chris Allgower®

1 High Energy Physics Division, Argonne National Laboratory, Argonne,

IL 60439

Talk for Polarimetery Workshop, August 18, 1999
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Why Inclusive Pions?

Analyzing powers seem to be relatively energy-independent over RHIC
energies, with no sign changes.

Relatively easy to measure, although it requires a magentic spectrometer

(ie $$3.)

Pions are copiously produced at high energies, allowing measurements to
be done quickly. (Important consideration for accelerator spin tuning.)
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

E925 measured 7= and proton inclusive analyzing powers at 21.6 GeV /c,
and verified that they are large and have the same signs and general ap-
pearance as do the 200 GeV data.

Verification of large carbon analyzing powers at RHIC injection energy
was a main goal of E925, since carbon targets are envisioned for RHIC
Polarimetry.

There were two running periods:

November 1997 - Carbon Target

March 1999 - Hydrogen Target

Hydrogen target run was done to allow direct comparisons with other data,
and to see dilution effects from carbon.

108



E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Experimental Layout:

CERENKOV

S3

The Experiment was done in the B1 line at the AGS.
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Absolute Pieqm Was measured via pp elastic asymmetry, and known An.

—IBL

BL2D — — o |
BL3 —D———J
BL4 — }—
FLPA — } Zﬁ
FLPB — } Left
B Master
Disc. Right Trigger
FRPA —{ } A
FRPB — } Right>
BR4 —{ }—— :
BR3 —D—7
BR2D —{ ——

—BR ]

BR2U— }— ——
BRI ﬁ[:]———)

Trigger selected forward-backward coincidence. Recoil protons were stopped
in thick B3 counters, pions went through B4.
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

The elastic target was a small piece of CHj, so there was an estimated
3-5% background from the Carbon.

After correction for this, the P, values at 21.6 GeV/c for the two run-
ning periods were

(1997) : Pyeam = 0.271 4 0.059 + 0.028

(1999) : Pyeom = 0.405 + 0.2%7 + 0.227.
o.030 0.0%¢



E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Inclusive Trigger Logic
Disc. .
LU1 LU  Lyu.V
Disc.
HVU Lu2 LOR
HVD \ LU3
HVR SeV LD1
S1 ID LDeV
S2
S3 S
Disc.
Amp—— ADC
Cerenkov —¢E _— TDC

Passive Disc
Splitter . to scaler X—Df Master Trlgger
Coiacidence

Register
H1X 8 |Amp|$ |Disc.| 8 D,_C’Rout
.16y Lo | H
H2X 8 | Amp | 8 | Disc TD-_ORO‘H
(1...[6) L |® | | @ |
H3X 3§ Amp e |Disc.| o DALQRO‘“
(1..24) -2 -2 Coincidence
] 1=3
H4X 3§ Amp e |Dis.| 8 DA—QRO‘“ Leve
(1..28) 2 e J
Disc

DAQ was a PC running simple acquisition code that handled rates up to
200 events/spill, reading out from a single CAMAC crate.

Beam intensity was 2 — 6 x 107 protons / spill.
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Asymmetry, %
o
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV /c

Preliminary Ay Results on Carbon Target (1997 Running Period)

Analyzing Powers for Inclusive Particle Production on a Carbon Target

(E925 1997 Running Period — 21.6 GeV/c Inc. Proton Beam Momentum)
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Preliminary Ax Results on Hydrogen Target (1999 Running Period)

Analyzing Powers for Inclusive Particle Production on a Hydrogen Target

(E925 1999 Running Period — 21.6 GeV/c Inc. Proton Beam Momentum)
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Preliminary Ay Results on CH, Target (1999 Running Period)

Analyzing Powers for Inclusive Particle Production on a CH2 Target

(E925 1999 Running Period — 21.6 GeV/c Inc. Proton Beam Momentumy)
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

Comparisons on Different Targets (1997 and 1999 Running Periods)
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E925 - Measurement of Pion-Inclusive Ay at 21.6 GeV/c

A(%)

Comparison with 200 GeV Data from Fermilab E704
(Note - E704 had larger Py acceptance than E925.)

Analyzing Powers for Inclusive Particle Production on C, H, and CH2 Targets
(E925 1997 and 1999 Running Periods — 21.6 GeV/c Inc. Proton Beam Momentum)
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RHIC Implementation

At this time, implementation is uncertain due to lack of funding.

A Carbon CNI polarimeter will be tried first, at least for commisioning.

Only certainty is that polarimeters will be at 12 o’clock in RHIC.

We have confirmed and feel confident that a pion inclusive

polarimeter with a carbon target will work in RHIC.
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RHIC Implementation

Requirements for RHIC Polarimtery are Different from
E925 at AGS:

1. Large energy range (20-250 GeV) poses challenges for selecting large
Pr and X - need strong magnets in a limited space.

2. Thin carbon ribbon target is required to get rate down to manageable
level and not kill RHIC beam. Target may have limited life in RHIC beam,
but tests with the CNI setup will tell. (Ribbons worked fine in the AGS.)

3. DAQ has to be completely different because of RHIC ring environment
instead of extracted beam of E925. DAQ must handle high rates and keep
track of bunch timing, etc.

4. Analysis must be semi-automated to get results out within 5-10 minutes
for machine people to do beam tuning.

5. Data have to be shipped to experiments at some level in case they want
to do independent analysis.
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RHIC Implementation

Past Design I - Toroid Magnet ($ 1.7M for 2 double-armed polarimeters)
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RHIC Implementation

Pagt Design II - “No Frills” Design ($ 0.7M, One Arm Only)
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Tracks shown are for 25 GeV. Scale is greatly exaggerated - vertical scale

18 ~3m and horizontal scale i1s ~100 m.
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Asymmetry in Charge-Exchange Reactions (BNL E948)

E.J. Stephenson
Indiana University Cyclotron Facility, Bloomington, IN 47408

The full list of collaborators is found on transparency (1).

Based on the large analyzing powers observed for p+n charge exchange scattering
at energies below 12 GeV/c (2), we began an investigation of whether such processes
could be the basis of a beam-line polarimeter for the circulating proton beams in RHIC.
From the known p+n charge-exchange cross section and analyzing power, the figure of
merit (3) would suggest that we operate between -0.2 and - 0.4 (GeV/c)®.

As test assembly was made to mock up a polarimeter (4) for use in the 22-GeV/c
AGS polarized proton beam. In making a simple setup with scintillators rather than a
more elaborate charge-exchange experiment, we lost tight geometry constraints (since the
neutrons would be bound in nuclei and subject to Fermi motion) and a good measurement
of the energy of the forward neutral hadron. Charged particle (mostly p+p elastic) data
were also taken. The targets (5) of C, CHa, and CD, were used to test charge exchange
on carbon, the first RHIC polarimeter target, as well as to investigate scattering from
protons and nearly-free neutrons. The p+p elastic channel tests the system and provides a
template for the calorimeter response. Deuterium checks whether the charge-exchange
analyzing power remains high, and the comparison to carbon investigates nuclear
attenuation. A diagram of the setup (6) shows the recoil scintillators for scattered protons
detection, and the forward calorimeter bars. The bars were preceeded by two scintillators
separated with lead that sorted charged from neutral particles, and taged those showers
that were likely to be electromagnetic.

In the data analysis (7), recoil protons were separated from minimum-ionizing
particles. The calorimeter bars showed a ridge associated with little signal in the two
upstream scintillators (8). These events were interpreted as “hadronic.” Cuts on charged
or neutral, and hadronic or electromagnetic, are shown in transparency (9). The
calorimeter energy of these four classes of events is shown in transparency (10).

Those events that are “charged, hadronic” match the cross section for p+p elastic
scattering. There is the expected dependence of the cross section on -¢. The analyzing
power (11) matches earlier elastic data. The “neutral, hadronic” spectrum (12) is much
too large to be just p+n charge exchange. In addition, the asymmetry appears to depend
on calorimeter energy. Using preliminary values of the beam polarization, the analyzing
power in each bin is shown for C, CD,, and D by subtraction. The higher calorimeter
energies show a substantial spin dependence [the same sign as shown earlier (2)]. The
analyzing power is noticably attenuated for the carbon target. Figures of merit (13) for
various cuts are all within a factor of a few of each other.

For commissioning, CNI polarimetry is being implemented at RHIC (14), but this
still leave open longer term issues relating to additional polarimeters, systematic error
handling, reproducibility, and calibration. For E948 (15), it would be good to have better
energy resolution for the neutral particles, and some information on the reactioin
channels contributing to the neutral spectrum. Without measurements at higher energies,

it is important to have theoretical guidance for how best to optimize this polarimeter
design and extrapolate to higher energies.
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Testing Charge-exchange Scattering

as a Possible Polarimeter for RHIC
(Brookhaven Exp. 948)
IUCF: Kent State U.
- J.T. Balewski B.D. Anderson
W.W. Jacobs J.W. Watson
T. Rinckel W.-M. Zhang
Sowinski
J. Stephenson*

J.
E.
J. Vanderwerp
S.W. Wissink

This experiment used forward calorimeters and side
recoil scintillators in a quasi-elastic geometry to test
a potential polarimeter configuration based on
charge exchange scattering. Data was taken in
March, 1999, running parasitically with E925.
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Charge-exchange experiment or
polarimeter design test?

A good n+p scattering experiment might involve a
secondary neutron beam and polarized proton target.

By choosing to emphasize a polarimeter test, we lost
and gained some features:

— The neutrons are bound, final geometry is not
tightly constrained.

— The energetic forward particle is neutral. Its
energy is not well measured in a calorimeter.
Other channels may add to signal. At small
momentum transfers, calorimeters must be
close to beam, adding background and losing
some of shower signal.

+ Scintillation detector setup is simple and
rugged, and capable of high rates. Detector
costs are modest.

During tests, also take data on forward charged
particles. This ought to be mostly p+p and can give
representative spectra and check results.

Any polarimeter must be reproducible. Watch for
landmarks in data and other helpful processes. It is
not necessary that it be highly selective for charge-
exchange if background is also spin dependent.
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TARGETS

C  needed since RHIC will use fiber targets

CH, provides p+p scattering from hydrogen
as a reference

CD, provides a nearly free neutron to test
charge exchange

By comparing the spin dependence among

these targets, we hoped to learn:

1. whether the setup was able to reproduce
known values for p+p.

2. whether the analyzing power for charge
exchange remains large at 22 GeV/c by
observing scattering from a nearly free
neutron.

3. whether any large charge exchange spin
dependence remains for neutrons bound
in a carbon nucleus.
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“Hadronic” events that shower in the
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COMPARISON TO ELASTIC

SCATTERING ANALYZING POWER

Open circles = data from Crabb at 24 GeV/c
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Average beam polarization = 0.425 5 0.055
(preliminary)
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Gel

The spin dependence changes with
calorimeter energy. Results are
shown for § bins. /

Open circles =
deuterium alone
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(Early) design constraints:
carbon fiber target
known analyzing power over RHIC energy range

Longer term issues:

- Where (how many) polarimeters do we need?
What must we know about off-axis components,

. Jh | Y Y AU §
alld 10td10Or1r p 11011INnancce ;/
- Q‘Tofomf)f‘lf‘ QrrnyYy (‘111‘\“\1"‘)(‘0;(\“ {F")‘Tf\“o ]Gr(\'ﬁf A \
WJ DUV LILIAVIL VILI UYL DU}JIJI CODI1IUVILL \LaVUID 1“15\/1 n}.
- Calibration

N ARAARTA R VAN AR,

- Polarized proton target needs large A if p+p
is used. Other reactions need careful balance.
- Ramping up and down
- Absolute schemes?
- Checking longitudinal polarization in experiment
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E948 ISSUES

Experimental:
How do we improve resolution for neutrals?
(This helps to sep“r-"te Iprg“ A processes.)
- Calorimeter size is restricted by proximity to
beam. This problem gets wcrse Witu energy.

Analysis:
- What processes make up neutrals spectrum?
(Simulations with phase space distribution can
include known total cross sections for nucleon

excitation, particle production, multi-prong
events. They must have “low energy” charged
recoil and forward neutral without hitting veto.)

Theory (guidance in the absence of date):
- What is np-pn mechanism? With p or A,, it
may be possible to explain cross section? What
is source of large imaginary amplitude needed

Fagiy i e -
for analyzing power?
- What is evolution with energy?
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Larry Trueman has summarized the bulk of the conclusions from the
Workshop on High Energy Polarimetry held at the RIKEN/BNL Center
during the summer of 1997. In my talk I shall focus on just one result, in

many ways a most surprising one, that emerged from that study. Namely

that at hich aneroiss and vervy emall mameontiim tranefoer nn elactic grattering
tnal at Nign energies ana Iy smas: momentum trangier pp €:astic scatiering

is “self-analyzing”, in the sense that the measurement of a sufficient number
of observables, using a polarized beam and target, allows a determination
of both the helicity amplitudes of the reaction and the degree of polariza-
tion of beam and target. This is, in a way, quite different from the tra-

ditional methvdn]ncrv where. knowineg the nolarization of beam and tareet. -

“vavsy AaT LTy AUV Ly Ui plaluaa Zation O beam and EACTS SR

one measures enough observables to determine the amplitudes. The reason
one obtains the extra information i.e. the polarization of beam and target,
is very simple. One is in the region of momentum transfer where interfer-

ence between unknown hadronic and known electromagnetic amplitudes is
important. This, somehow, provides the extra input needed.

The results we get have essentlally zero theoretical error. More precisely, if
the measurement of the observables had zero error the result for the analyzing
power of the pp reaction would be correct up to tiny errors of order a(QFED).
What we do not know is how the effect of experimental errors will influence
this.

These results add one more important reason why

PR R | S, [
spin-dependenc

detaile
ce .
can be, at RHIC.

o~ ac LA
out, as Lt uniguely

in pp elastic scattering should be carrie
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RIKEN/BNL Workshop on
High Energy Polarimetry

Wednesday 18th August, 1999
Physics Department
Room 2-160

Brookhaven National Laboratory
Organizer: Elliot Leader

9:15 soffee

9:30 T. Kirk (BNL) Welcome

9:35 T.L. Trueman (BNL) Spin dependence of high energy proton scattering

10:35 Coffee

10:50 H. Huang (BNL) Ezperimental work on the proton-Carbon CNI polarimeter
11:25 W. Guryn (BNL) Polarimetery using proton-proton CNI

12:00 Lunch

13:30 G. Sterman (SUNY, Stony Brook) Single-spin production asymmetries at RHIC

from factorized cross-sections

14:30 M. Anselmino (Istituto di Fisica Teorica, Turin) Phenomenology of transverse
single-spin asymmetries in inclusive processes

15:30 Tea

15:45 C. Allgowar (ANL) Measurements of pion asymmetries from a 22 GeV/c
polarized proton beam in preparation for RHIC

16:15 E. Stephenson (IUCF) Asymmetry in pn charge exchange reactions

15:45 E. Leader (Birkbeck College, London) An absolute polarimeter for high

enerqgy protons

17:15 End
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Forthcoming RIKEN BNL Center Workshops

Title: RHIC Spin

Organizer: G. Bunce

Dates: Oct. 6-8, 1999

Title: Event Generator for RHIC Spin Physics III
Organizers:  N. Saito and A. Schaefer

Date: March 6-20, 2000

Title: Prediction and Uncertainties for the RHIC Spin

Physics Program
Organizers:  W. Vogelsang and J. Qiu

Date: March 6-31, 2000

Title: Equilibrium and Non-Equilibrium Aspects of Hot, Dense QCD
Organizers:  H. de Vega, D. Boyanovsky, and D. Rischke

Dates: July 17-30, 2000

For information please contact:

Ms. Pamela Esposito / Ms. Tammy Heinz

RIKEN BNL Research Center

Building 510A, Brookhaven National Laboratory
Upton, NY 11973, USA

Phone: (516)344-3097 Fax: (516)344-4067

E-Mail: rikenbnl@bnl.gov

Homepage: http://penguin.phy.bnl.gov/www/riken.html
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