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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 study of strong interactions, including hard QCD/spin 
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 TheoIjr 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. 

Each workshop speaker is encouraged to select a few of the most important transparencies 
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 available 
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. Dtxpnrr- 

ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publi-h 111 

reproduce the published form of this contribution, or allow others to do so, for U.S. Government purp<~~t~~. 



CONTENTS 

Preface to the Series 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Introduction 
E. Leader . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 

Outline of “The Spin Dependence of High Energy Proton Scattering” 
T.L. Trueman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Experimental Work on the Proton-Carbon CNI Polarimeter 
H. Huang . . . . . . . 

Polarimetry at RHIC Using 
W. Guryn . . . . . . . 

Single Spin Asymmetries at 
G. Sterman . . , . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

pp Elastic Scattering 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RHIC from Factorized Cross Sections 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Phenomenology of Transverse Singe-Spin Asymmetries in Inclusive Processes 
M. Anselmino . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Asymmetries in Inclusive Pion Production from Polarized Protons on 
Carbon and Hydrogen Targets for the RHIC Polarimeter 

C. Allgower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Asymmetry in Charge-Exchange Reactions (BNL 948) 
E. J. Stephenson . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

An Absolute Polarimeter for Protons 
E. Leader . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . 

List of Participants 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Workshop Agenda 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

i 

1 

3 

23 

45 

61 

80 

106 

123 

139 

149 

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 &CD. 

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 [l] were somewhat negative in the sense 
that we concluded that analyzing powers could only be predicted to within an accuracy of 
*lo%, whereas RHIC was aiming for 3~5%. 

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. 

(4 
( w 

Q(a): 

Q(b): 

There are two classes of reaction: 

Where you believe you can calculate the analyzing power e.g. CNI. 

Where A has been determined by experiment elsewhere e.g. pp + TX. 

For each there exist problematic questions: 

How accurately can you cal.culate A? 

How sure are you that A, measured at lower energies, will have the same va 
RHIC? 

.lue a .t 

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

The present one-day Workshop aimed to discuss: 



1) the conclusions of the 1997 study (Leader, Trueman), 

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

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

An important conclusion from this Workshop is the realization that, besides the major 
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 scattering. Thereby 
one could test some of the &CD-based ideas about the dynamical mechanisms at work. 

The Workshop, which was attended by about 30 people proved to be extremely &mu- 
lating, with a great deal of discussion and a healthy give and take between experimental&s 
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 th.ese Proceedings. Finally, I am grateful to the UK PPARC 
for a travel grant. 

Reference 

[l] N.H. Buttimore, B.J. Kopeliiovich, E. Leader, J. Soffer and T.L. Trueman, Phys. Rev. 
D59 (1999) 114010. 
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Outline of “The spin dependence of h&glh 

energy proton scattering” 

by Buttimore, Kopeliovich, Leader, Soffer, and Trueman, 

Phys. Rev.D 59, 114010, (1999). 

1. Introduction with background and polarimetry 

motivation; listing of other methods considered. 

2. General formalism: amplitudes and measurables 

defined,some history of study of spin dependence, 

behaviour in small t-region and Coulomb 

interference, exchange symmetries, Regge 
terminology (pomeron, cuts vs.poles,factorization), 

asymptotic phases, etc.. 

3. State of experimental knowledge: fits to 704 data 
for AN, energy dependent fit for AN, Regge fits, 
old and new (Berger, Collins, rp with amplitude 

analysis), Aa, and Aa, measurements. 

1J 



4 . 

5 . 

6 . 

7 . 

Review of varicws rnadels: pert. QCD and quark 

models (various), pion exchange (ref. Kaidalov et 

al, Pumplin & Kane, Goloshkokov et al), impact 

picture, (Soffer et al), etc. r 

Model-independent bounds on spin-dependence and 

energy dependence; demonstration that logs growth 

of T allowed a Aa Froissart-Wlartin; interpretation of 

this using unitarity in impact parameter picture. 

Determ,ination of all spin dependent amplitudes 
independent of beam polarization. Leader will 

discuss this section. 

Conclusions. 
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Ehmgy dependence of P 
at t = -0.15 GeV2 

, , 
8- 

(%I I 
6- 

50 100 150 200 250 300 

P L (GeVlc) 

Best fit gives asymptotic value 2.3zk1.2 

PureCNIat3OOis 1.1 

1oGcv Bofgbi 1971 
11.8GcvKramc.r l!m 
14Gcv Borghi 1971 
175 Gcv Baqhini 1971 
UCkVChbbl9n 
45 GeV Gaudot 1976 
100 GcV Snyder 1978 
300 GeV Snyder 1978 
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ComparisonofA NN forvariousvaluesofr2: 
.02I(lower),.O2(middle),.O2 +.02 I(upper). 
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T.L.Truemn 

Cohclusions for CM polarimetry 

1 . 

2 . 

3 . 

4. 

Best experimental knowledge comes from 
which gives ~5 = 0.2 & 0.3 (no theory) or 
0.0 310.16 ( a little theory). 

8/18/99 

E704 
7-5 = 

Spin-dependence falls rapidly with energy at low to 

moderate energy but is consistent with very large 
~5 (best fit is -0.6) and leaves substantial spin- 

dependence at the high energy. In principle, ~5 

could increase logarithmically with energy. 

Model calculations of spin-flip coupling are varied 

and so are the results. All predict small 7”s (less than 

lo-15 %) but with different energy dependence and 

differing sign. 1 Not reliable for CNI but indicates 

that physics can be learned by measuring AN. 

Spin dependence important for understanding the 

dynamics of high energy elastic scattering via, for . 

example, sensitivity to the odderon. 

1 
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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 
BNL 

BROUI N 
NATIIQJdL LABORATORY 

Haixin Huang/BNL 



RHIC Polarimeter Requirement 

Near Term RHIC spin program schedule 
FY2000: commissioning yellow ring up to 1OOGeV 

with polarized beam(one ring polarized) 

FY2001: Physics run at lOOGeV(both rings 
polarized) 

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

8/l 9/99 2 BROQ EN 



CNI Process 

Coulomb Nuclear Interference Region 
(very forward elastic scattering ) 

0.003<- t = q ’ 5 O.Ol(GeV /c)~ 
#‘:., b _+@ 

P 
k 

between 
spin-flip 
hadronic 

CNI is an interference effect 
the purely Coulomb 
term and the 

q=p-k 

non spin-flip term 
in the scattering potential 

8/l 9/99 3 Haixin Huang/BNL BROO 
NATlO,&& LABORATORY 
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Beauty of CNI 

Calculable analyzing 
power of about 34% 

Large cross section over 
the whole RHIC energy 
range. 

Weak beam energy 
dependence 

8/l 9/99 5 
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Principle of CNI 

Forward proton is within 
the beam 

Detect the carbon recoil 
instead(Si detector, MCP) 

d Slow recoil carbon 
detected between bunch 
crossings 

Ultra thin ribbon target 
a ows I1 
profile 

8/l 9/99 

for polarization 
measurement 

6 Haixin Huang/BNL 

f 
Silicon fkt.ectur 

NATION,dL LABORATORY ,/’ 
:’ 



Challenge of CNI 

@ Whether carbon nuclei have enough energy left. 
a thin target ( 4,@cm2, 6pm ) 

Slow particle detection 
3 Silicon strip detector(25cm from the target) 

146200ns from 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 

a Need TOF(time of flight) and energy 
can be obtained with MCP and SSD or SSD only 

8/l 9/99 I-hixin Muang/BNL 



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 

W 
0 

power 

Principle-proof experiment for RHIC CNI 
polarimeter 

8/l 9/99 8 Haixin Huang/BNL 



Silicon Strip Detector 

12 lcmX2mm strips 
Combine two strips as one channel 
in the AGS Experiment 
Bias voltage -lOOV 

Eias 

8/l 9/99 9 

Particle 

Haixin HuangBNL BROO EN 
NATIOB,kL LABORATORY ..” 
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E950 Experimental Setup 
4 Beam 

Si PC bo 

w 
c 

8/l 9/99 12 

Target holder 
Haixin Huang/BNL mot3 EN. 
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Proof of Carbon events 

@ Comparison between 
target in/out runs gives 
the proof of Carbon 
detection 

Target frame may be 
partially in the beam 
even with the target 
out configuration 

Rate was sensitive to 
beam position 

99/05/03 15.24 

00270.hbook 

300 

250 

200 

150 

100 

50 

TDC vs AOCZ, channel 4 T!X vs AOCZ, channel 4 

8/l 9199 14 Haixin Huang/BNL 
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Resolution Improved with MCP 

Bunch width - 25 ns 
Bunch crossing freq. -370kHz 

Trigger 

(0R of all SSD channels)@RF signal 

Si TDC start was beam RF 

Inherent 7.2ns width from beam 
bunches. 

Using Si-MCP gives inherent Si time 
resolution of 2.5ns. 

8/i 9/99 15 hixin Huang/BNL 
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Data Analysis 

@ Since energy 
calibration is not 

, l 

good(yet), use time 
slices to get -t bins 
instead. 

Carbon bands were 
selected using 4 sigma 

ter of cut from the ten 
the bands 

8/19/99 16 
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Asymmetry 

_ 

Carbon asymmetry is 
statistically significant 

The physics asymmetry 
increases with arrival time => 
follows the general trend as 
expected 

Not yet absolute 

Asymmetry of prompt is less 
than 0.00 1 

8/I 9/99 17 Haixin Huang/BNL 

0.006 

+ 

Error bars are 
statistical only 

0 1 2 3 4 5 6 

Asymmetry 

Time bins 
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Conclusion from AGS Run 

Carbon recoils have been successfully detected in the AGS 

0 Seen significant asymmetry from Carbon recoils 

@ -t dependence seems to be qualitatively consistent 
with theory 

0 p-C CNI polarimeter should work for RHIC, too 

8/l 9/99 18 Haixin Huang/BNL BROO 
NAT1 0 h&L LABORATORY ,..’ 
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CHIC pC CNI polarirnbte 

0 Same statistics(20o measurement) can be obtained 
in about a minute in RHIC at full luminosity 

Installation in the RHIC ring by Mar. 2000 

a Vacuum chamber design has been done 

e Target design same as the AGS one 

l Detector assembly modularized 

o Data Acquisition ( remote controllable) 

8 Improvement on the electrical noise reduction 

8/19/99 19 Haixin HuangBNL RROO 
NATiO&‘,;P;L LABORATORY .,.‘. 



pC CNI polarimeter for RHIC 

l 1.6m long(5: 1 tapering 
on both ends) 

l 17cm radius 
03 pairs of SSD detectors 
avertical and horizontal 

targets 
wapable of measuring both 
vertical and horizontal 
beam polarization profiles 

8/l 9/99 20 Haixin Huang/BNL BR0.J 
NAT1 O@dL, LABORATORY , 3 



Exploded View of RHIC pC CNI Polarimeter 

8/ 19/99 21 Haixin Huang/BNL 
NATION&L LABORATORY ,/’ 



RHIC Polarimeter Schedule 

FY2000: p+C CNI Polarimeter in yellow ring, with a possible p+C 
elastic scattering polarimeter for injection energy only 

FY2001: p+C CNI polarimeters in both rings 

P+C -7T tx inonering 

p+p CNI with unpolarized gas jet target(PP2PP) 

FY200n: p+p with polarized gas jet target 

8/l 9/99 22 Haixin HuangBNL 
NATIOVAL LABORATORY , ,.:* 
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Polarimetry at RHIC Using pp Elastic Scattering 

Wlodek Guryn 

Brookhaven National Laboratory, Upton, NY 11973, USA 
for PP2PP (R7) collaboration 

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 background rejection. Three regions of four-momentum 
transfer -t, where the analyzing power A, in pp elastic scattering is appreciably different 

from zero, are considered: the $NI region 109<-~2 10e2 (GeV/c)2 and2 the regions of 

small -t, 0.1~~t< 0.4 (GeV/c) and medium -t, 0.8<-~1.4 (GeV/c) . The current 
information about analyzing power AN 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 commissioning and tuning, and of an “absolute” polarimeter, necessary to 
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 doesnt 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 101’cm-2 is sufficint to be used for 
the absolute calibration. An unpolarize jet of intensity 1014cm-2 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 indicates that the AN is sufficiently large, 
of the order of 3-4’S, and relatively independent on ~1s to guarantee that beam 
polarization could be messured using pp elastic scattering process. 

45 



Polarized beams 
With transversely polarized protons and measuring of Ao~~, AN, 
ANN we will determine helicity amplitudes $&,t): 

L. Trueman et. al PRD 59,114OlO (1999) 

l the difference of otot as function of pure initial transverse spin: 

. the analyzing power, AN: 

1 
A, = *,-*, 

Pcos# N, + N, 

l and the double-spin correlation parameter, Am: 

1 
A 

NN = ly!* co2 $4 Iv,, + Iv,, + Iv,, + N,, 

(Pi is beam polarization, $ is scattering azimuth) 

$1 - <-H-lMh+> (I~-<--IMI++> $3 - <+-I M I+-> 

$4 - <-t-l M l-t-> o5 - <++I M I+->. 

46 



Su:m.mary 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 -t, where the 
analyzing power is of the order of few percent, are being considered: Coulomb Nuclear 

Interference (CNI) region 0.004 < Itl < 0.02 (GeV/c)2; small 111: 0.1 < It1 < 0.4 (GeV/c)2; 
and medium IA: 1 .O < 1A < 1.4 (GeV/c)2. 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 AN of proton - proton elastic scattering in various -t regions 
and number of incident proton momenta [ 1 -N or a review]. They indicate that AN is 
sufficiently large to provide polarization measurement using pp elastic scattering. 

c 
Main goals of polarimetry at RHIC. 

Considering recent discussions [l] 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 
PB with 10-I 5% 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. 

47 



Single Spin asymmetry AN. 

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 
AN (or counting scatters on one side with beam polarized up and down). Since AN is 
given by: 

0 

1 
A, = 

N, -NJ 

P, co@ 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,” 

Pa is The beam polarization, 

4 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 AN. 
One can then determine the beam polarization Pg through known AN and measuring so 
called raw asymmetry E: 

E = A, P, co@ = 
NT -4 
NT +N, 

1 N,-N, E 
PB =- -- 

A, N,+N, -A, 

One can show that for E << 1: 

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 APBIPB. 
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General comments on polarimdry issues. 

Better than 5% error in beam polarization measurement is required so that the 
error on double spin asymmetry, ANN 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 T\1 do describe up and down spin 

orientation, or in short “N”. The double-spin asymmetry, ANN is given by: 

A 
1 N,, -N,, 'NN 

NA, = - 

pB 2 N,,+N,, =T 

where ENN is the raw asymmetry, whose error is: 

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

AE~,~' = 
1_ENN2 

N 

and for raw asymmetry ENS << 1, the error is AENN = NT 112 and hence: 

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

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

term is the statistical error in the a.symmetry. 

c 

Equation (2) shows that the fractional error in the polarization (APB/PB) 

contributes proportionally to the significance of the measurement (AANN / 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 
error, for measurements with less than 10 sigma statistical significance. 
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4. 

Wbdek Guryn 
RIKEN Pdarimetry Workshop 

08/l 8/99 

Polarimetry Needs 

For physics - S%absolute error is required, needs lots of 
systematic work. Doesn’t have to be very fast. 

For on-line monitoring 10% - 15% accuracy is sufficient, 
it has to be relatively fast to allow setting up of the 
machine. 

There is a need for monitoring of the polarization at the 
experiments; hence -t region must be such that it is compatible 
with standard tune and available space. 

Large figure of merit - (PBAN) for accuracy and (PBo) for rate 
are important. 

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

Since at the moment #3 is 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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1. 

2. 

3. 

4. 

5. 

Wlodek Guryn 
RIKEiN Polarimetry Workshop 

08/l 8199 

pp Elastic Scattering and Polarimetry 

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. 

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

Existing data in pp elastic scattering can be used as a guide to 
look for a suitable region in -t to measure beam polarization at 
RHIC. 

There is no reaction in pp (elastic scattering) in the RHIC 
energy domain that has been measured or been calculated to 5% 
accuracy. 

A polarized jet target, or polarized Atomic Beam Source (A 13s) 
is needed 10 c:W~rate AN. 

Guided by existing data and phenomenology, candidate regions 
are: 

l C‘N I ( 10d3 < -t < lo-* GeV/c*) - essentially energy independent, 
large figure of merit ANo. 

0 : (0.1 < -t < 0.4 GeV/c2) - large enough ANo, can be used 
with standard tune. 

a (0.8 < -t < 1.4 GeV/c2) - polarization could be higher 
than previous two, could be used with standard tune. 

All need careful study, before application at RHIC. All have t__ i kbI:l 

. .\ \III’\c‘\ l7~‘riotl i\ ;I11 ,Ii)\( ~IlllC’ IlC’C‘C’\~il\ . 
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We assume as WW?! ddi%ivity of the ha&o& and Alec- 
trOmag~~~~&4ii=~+eid~:,i= 1,...,‘5J 
with 6, the Co&x& iphase shift (8 = -crlnw@ + 
4t/iPI - 0.577~~) and A2 = 0.71 (GeV/c)2 the dipole 
Sachs f&m factor par-eter. It is generally considered 
that 42, 44, ad 41 - 43 are all negligible in the region 
of study; this is certainly true for electromagnetic ampli- 
tude-s and is very likely to be true for the hadronic. Thus 
41 M 43 and 45 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 

da 47ra2 
- = tZ + & (1 + p2) ebt + 

ebtl2 

dt 
-ym& + P) (2) 

where Q is the fine structure constant and b is the nu- 
clear slope parameter. For higher values of ItI 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 

Im(4! + 4,“) ItcO = -&s(s - 4m2)]1/2~tot (3) 

where m is the proton mass. 
The elastic pp polarization measurements performed at 

ItI values [0.15 < ItI 2 2.5(GeV/c)‘] at 100-300 GeV/c 
beam momenta [7-lo] and other. lower energy experi- 
ments [11,12] show the following general features. 

(1) A positive analyzing power AN at small ItI values 
(0.1 5 ItI _< 0.4(GeV/c)*] decreases like ,-J l/4 up to 
s Z= 50 GeV*, with a possible flattening around values of 
a few percent up to the highest energies. 

(2) For s 2 50 GeV2, AN changes sign around ItI A 0.3 
to 0.4 (GeV/c)2 fr om 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 ItI z 1.2 (GeV/c)2 and 
possibly remains positive at larger Jtl values. 

These features have stimulated a number of specula- 
tions on the existence of a hadronic helicity single-flip 
contribution, 4!, that does not necessarily decrease as 
s-U2 

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 Jtl values [1.5 x l.0U3 2 ItI < 
5.0 x lo-* (GeV/c)*] around’200 GeV/c [I 31. 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 10e3 5 ItI 5 0.6 (GeV/c)*. Over this region, the 
asymmetry can bc expressed as 

AN = J-t (p - 1): - 211+ 2(P1- R)(l + t/T) 

771 1 + (p - X)2 - & {[(IL - 1)- - zP-]* + 4P) 

(4) 

whse 2 . . . . . = &-/!lp$, tL = 8zra/qti = 1.8 x low3 (GeV/c)2, 
and@= 2.793.L the magnetic moment of the proton [14]. 
!Che C&lo& 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-fip & = (m/-)4! to the imaginary 
part of the averaged nonflip amplitudes, respectively, and 
defined as 

2@ ’ 
R + i1 = _!& Im (4: + 43”) 

where the m/G term originates from angular momen- 
tum conservation at t = 0 cotitraining the asymmetry 
to vanish at least as fi there. 

We parametrize the asymmetry in the higher part of 
the ItI region of interest with the factor (l+t/T) in the last 
term of Eq. (4) to reflect the t dependence of the hadronic 
contribution. We do not attach such a t 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 ItI 2 0.6 (GeV/c)2 this parametriza- 
tion should be augmented to represent the second zero 
crossing at about -t z 1.2 (GeV/cJ2 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). Hbwever, in the 
region of the present analysis, ItI < 0.6 (GeV/c)*, and 
given current data, our linear parametrization describes 
the AN 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, 

. 
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r c, AKCH 165 G&/c 

i 0 AKCH 200 G&/c 

-2 i - ‘a SNYD 100 G&/c 
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A FIDE80 150 G&‘/c 
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.J FIDE 200 G&/c 
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0 CORC 176-205 GeV/< 

i 

S SNYD 300 G&/c 
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FIG. 1. The three curves represent the 

metry data in the 1.5 x 10m3 5 ItI < 0.~3 

II~VC considered (xc Table I). The solid 

1, dashed to 2. and tlottrd to 3. 
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h3YSlCAL FUS’lEW D 59 1140 10 

j4.11. ‘I $.K , &-LeCcbl 3.L 
&.-iim~W 

0.06. 

A 

0.02 .: 
. . . . . . . ___..I,.._._ . . . . . . . - 
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I 

L 

! 0.01 0.02 0.03 

FIG. 1. The data points are from Fermilab E704 [43]. The solid 
curve is the best fit with the hadronic amplitude a5 constrained to 
be in phase with hadronic C#I + ; the dotted curve is the best fit 
without this constraint. 
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11 L (GcVlc) 

FIG. 2. AN= P in pcrccnt as a function of lab rnomcntum pIx at 

1= -0.15 GeV2. 

cl collection of data from various experiment:; which nieasI!r-e 

P =AN at different energies, ali for r = - 0.15 GeV2 (or inter- 
polated from nearby values), the smallest I[\ for which there 
is sufficient data to do this [56]. WC have_tricd a fit stiggeste_d_ _. __ 
by Regge poles, namely, P = a + b/ GL+ c/p, [7]. This is 

- - ..---. 7 
shown m Fig. 2 and the relevant result is that n =0.02x _ 

kO.012. - _ 
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(*I Target value for AAh/& and assumed value for AAdAc. 

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 PPZPP members [19]. 

5.3 Medium - I t I region 

Kinematical parameters for medium-It1 [0.8< Itlc 1.4 (GeV/c)*] are listed in Table 8. 

Table 8 : Kinematical parameters for the large- I t I region 

Itl TR 
(G:%) 

OR ToF (1.5 m) 

(GeV/ c)2 (WV) (degrees) (nsec) 

1. 500 1.12 31 4.5 
1.2 600 1.25 33 11 11 

1.4 ’ 700 1.37 34.5 ,I II 

The rate is estimated : dN/dT = L x <CC= x a = 3 103” x 0.3 lo-so x 0.2 = 17 /set and 

attainable accuracies are listed in Table 9. Here the rate limitation does not come not from 

DAQ, but from the pp yield itself. 

(*) Target value for APB& and assumed value for AAN/AN. 

In this case a polarized jet of 1012 atoms/cm’ would give about 0.1 eventkec, thus -_ 
taking about 300 hours for a 5% calibration at full beam intensity. 

. 
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52 Small - I t I region 

Kinematical parameters for small-ltl [ 0.1 < ItI< 0.4 (GeV/c)*] are listed in Table 5. 

Table 5 : Kinematical parameters for the small- I t I region 
Itl TR PR @R ToF (1.5 m) 

(GeV/c)* (MN WV/d (degrees) (nsec) 

0.1 50 320 9.5 15.5 
0.3 150 570 16 9 
0.5 250 750 21 7 

OR 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: 

ATR = f 0.08 TR (MeV) [from dE/dx] 
A%=+2mrad[=(oL-/l)= lmm/500mm] 
AToF = + 0.5 nsec 

Rates are given by dN/dT = L x <CD x a = 3 1032 x 2 lo-27 x 0.2 = 1.1 105 /sec. 

Table 6: AN precision and rates for small- I t I region 

APB/PB (*I A&/AN (*I AE/E N T(sec) 

0.05 0.04 0.03 5.6 106 50 (275) 

0.1 0.08 0.06 1.4 106 13 (65) 

0.15 0.1 0.11 , 4.2 105 4 (21) 

(*I Target value for APB& and assumed value for AAN/AN. 

The time required taking into account a DAQ limit of 2 lo4 ev/sec is shown in* 

parenthesis. 

In this case a polarized jet .of 10” atoms/cm’ would give about 730 events/set, thus 

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

5.2.1 Recoil analysis (, <rC I 0) 

The recoil protons have (transverse) polarization PR = AN and 

(AN =I PR = (l/AC) [N-c-W/Ox+ Rc)l=~/Ac 
in the scattering of recoil protons on a carbon analyzer block, with error: 

(AAN/AN)~ = (APK/P# = (AAc /A# + (AEc$@ 

(3 

(6) 

with (AEc/E& = (1 - E$)/($ NC) = l/[(Ac P# NC], if q<<l. 

The efficiency of rescattering in the polarimeter is taken as qc> = 0.1 and <AC> = 

0.5kO.01. The statistical accuracy for this kind of calibration is shown in Table 7. 
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5.1 CNI region ( U L ‘CL jti ) 

The kinematical parameters for the CNI region (10-S < ItI< 5 10* (GeV/c)*] are 

listed in Table 3. 

. 
Table 3: Kinematical parameters for pp elastic CNI 

Itl TR @R ToF (0.5 m) 
(GeV/c)* WV) (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 26.6 113.4 7 

@R is measured from the axis perpendicular to the beam line through the jet. The 

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

AToF = + 0.8 nsec 

The rate is estimated: dN/dT = L x CD> x CY = 3 103’ x 3 lo-27 x 0.1 = 8 10” /set and 

attainable precisions are listed in Table 4. 

Table 4: Estimates of precision and rates in the CNI region 

APB& (*I AAN/AN (*) AE/E N CV. T(sec) 

0.05 0.04 0.03 2.5 106 31 (125) 

0.1 0.08 0.06 6.3 lo5 8 (32) 

0.15 0.1 0.11 1.9 105 2.5 (10) 
L 

(*I Target value for APB& and assumed value for AANIAN. 

Taking into account a DAQ limit of 2 10” events/set the time for a measurement at 

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

the following conditions: 

T 
- less luminosity by a. “xtor lo-100 (either lower beam intensity or jet density) 

/ 

I 

still compatible with measurement times of few (2-5) minutes; 

- smaller beam polarization Pg = 0.4 - 0.2; 

- bunch-to-bunch polarization monitoring. 

A polarized jet of 1017 atoms/cm’ would give about 600 events/set, thus taking 

about 1.5 hours for a 5% calibration at full beam intensity. . 7 ‘? 
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Roman pot location is determined by parallel to point focusing. 

T 
On-board 

Electronics 

\ 

RHIC Intersection Region with PP2PP Basic CB Setup 

- 100. m 0. 100. m 
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Day one PP2PP Setup with Jet Target and Recoil Detectors 

More than one pbeam at RHIC, 100 GeV/c and 250 GeVk proton beams, 

will allow us to take data at two 4s points. 

At luminosity 4~10% ~m’~sec’~, 200 hrs data on tape to acquire 1000 
evWO.02 GeV2/c2 bin will be needed. 

Jet Target & 
Recoil Detector 

I I I I . 
I I I 4: I 

0 ,I0 20 30 40 50 m 

Jet Target and Recoil Detector 

Beam 



Wlodek Guryn 
RIJSN Polarimetry Workshop 

08/l 8/99 

Summary 

1. Proton - proton elastic scattering is a very promising process 
that can be used for polarimetry at RHIC. 

2. We plan to measure both scattered and recoil proton to reduce 
the background and improve -t resolution. (GREAT PHYSICS.) 

3. To be used as a polarimeter it will require a calibration run with 
a polarized ABS, which has been promised by NIISHEF. 
(Consequently two teams are involved: INFN and NIKHEF.) 

4. In the CB and FT mode the range -t > 0.006 GeV/c2 of CNI 
region can be reached with standard tune p* = 10 m. 

5. In mode with a polarized ABS of 1012cm-2 intensity, in the CNI 
region short calibration runs, few hours per energy, are needed. 

6. An existing, Italian molecular cluster jet has enough intensity, 
1014cm-2, to allow quick, few minutes, beam polarization 
measurements. 

7. Need to do careful simulation to verify the calculations and 
optimize setup. 

8. Our progress is limited by (lack of) resources. 
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Single Spin Asymmetries at RHIC 
from Factorized Cross Sections 

Jianwei Qiul, George Sterman2 
‘Department of Physics and Astronomy, Iosa State Univ., Ames, IA 50011 

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

Single spin asymmetries in single-particle inclusive cross sections have been observed 
at moderately large transverse momenta [I]. Nevertheless, they must vanish as l/p~ at high 
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] 

abc 

qf)$A(x;, C-C;, ST) represents the possible twist-3 spin-dependent parton distributions, while 
sqa/A is .the spin-dependent, chiral-odd, twist-2 transversity distribution [4], which must be 
paired in this case with a twist-3 chiral-odd fragmentation function Dt3) or spin-independent 
parton distribution 4c3), as shown. 

For a number of reasons, we h.ave suggested [3] that the dominant contribution to the 
asymmetry at large transverse momentum is associated with the matrix element 

TK)(Sl> 52, ST) = s 
dYr d%- gZl p+y; +i(zz-q)P+y; 

4lr 
(p> ~TIGa(O>7+ [Cs.‘.unn I;,+(Y,)] &(YJP> G) 7 

which couples gluon and quark degrees of freedom in the nucleon. The computed spin asym- 
metry for pion production [5] is proportional to a derivative of Tp), which enhances the 
cross section in the large-rcr region, where substantial effects are seen at moderate pT [l]. 
The form of the leading-order ca.lculation suggests that the twist-3 cross section will remain 
observable at RHIC energies, and predicts explicit dependences on kinematic variables that 
can be t,ested, perhaps with t;he Brahms detector. Our analysis is complementary to that 
based on fa.ctorizations in transverse as well as longitudinal degrees of freedom [6]. 

References 

[l] D.L. Adams et. al.. Phys. Lct,t. 13261, 201 (1991); B264: 462 (1991); A. Bravar et al.. 
Phys. R.w. Let,t. ‘77, 2626 (1996); K. Krueger et al., Phys. Lett. 13459, 412 (1999). 
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39: 1517, (1984) [SW. .J. Nlwl. Phys. 36, 557 (1982); 39, 962 (1984)]. 
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SPIN ASYMMETRJC: 

J 
,1 dx 1 dx' 

X 
-XT/Z 

%h 1 XS + U/Z J ( -4 x1-- 
X' xs + UJZ 

X -x&Tp' x,x A6ug+c G(x’) + At&+ x’ a ( )I[ Cd )] 
4 

OUR FAVORITE MATRIX ELEMENT: 

COMPARE TO: 
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1 

qg SHORT DISTANCE FUNCTION: 
ad-j_ ~ulcd-ia cQ_ 

s13.e 

A&c = 

yy, qq SHORT DISTANCE FUNCTIONS: 
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Mauro Anselmino 

Department of Theoretical Physics 
1Jniversity of Torino, Italy 

A phenomenological approach, based on a straightforward generalization of the 
factorization theorem with the inclusion of parton intrinsic Icl, is presented for 
the description of transverse single spin asymmetries in inclusive processes. New 
distribution and fragmentation functions, spin and Icl dependent, are used to fit 
existing data on ptp -+ TX and to predict single spin asymmetries for other processes 
and other energies. 
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Fig. 1: Fit of the data on AN for the process pfp + nX [l], with the 

parameters given in Eq. (9); the upper, middle, and lower sets of data and 

curves refer respectively to R+, TO, and ?r-. 
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Figure 4: The ratio between lANfV,,j and t wice the valence unpolarized distribution 
function f, Eq. (29), as a function of 2. The solid line refers to u quarks and the 
dashed line to d quarks. Notice that in both cases IANfj/2f + 0 for x + 1. 
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Figure 2: Single spin asymmetry for pion production, ptp + r X. The data points 
are the E704 experimental single spin asymmetry for K+ (diamonds), no (squares) 
and 7r- (triangles) [3]. The solid line is our best fit for n’+, the dashed line for no 
and the dotted line for x-m, obtained under the assumption of Collins effect only. -___.. - - 
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Figure 3: The ratio between IAND,,,lj and twice the valence unpolarized fragmen- 
tation function D, Eq. (28), as a function of z. Notice that IAND1/2D = 1 for 
.z > 0.97742. 
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Asymmetries in Inclusive Pion Production from 

Polarized Protons on Carbon and Hydrogen 

Targets for the RHIC Polarimeter 

Chris Allgowerl 

’ 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 

(i.e. $ $ $ .) 

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 AN. at 21.6 GeV/c 

E925 measured x* 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 

Polarimet r-y. 

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. 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 

Experitiental Layout: 

BEAM 
_______----- 

The Experiment was done in the Bl line at the AGS. 
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E925 - Measurement of Piodnclusive AN at 21.6 GeV/c 

Absolute PhQm was measured via 1313 elastic asymmetry, and known AN. 

Disc 

BLl +-- 

BL4 +p 

FLPA +---, - 

FLPB s-7 

Disc. 

FwA-1 

FRPB -/-----, 

BR4 -j-- 
11 

Master 

Tkigger 

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 AN at 21.6 GeV/c 

The elastic target was a small piece of CH2, so there was an estimated 

345% background from the Carbon. 

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

(1997) : Pkam = 0.271rt 0.059 xt 0.028 

(1999) : Pbeam = 0.405 It o.J%z* 0.~. 
a.030 0dW7 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 

HVU 

HVD 

HVR 

Sl 

s2 

Inclusive Trigger Logic 

Disc. 

Coincidence 
Register 

Dk. 

Coincidence 
L.eve.l=3 

:’ 

I 

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 IO7 protons / spill. 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 

Acceptance Cut in XF and PT: 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 

Preliminary AN 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 AN at 21.6 GeV/c 

Preliminary AN Results on Hydrogen Target (1999 Running Period) 
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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 AN at 21.6 GeV/c 

Prelimikry AN Results on CH2 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 Momentum) 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 

Comparisons on Different Targets (1997 and 1999 Running Periods) 

(All data tie preliminary) 

Analyzing Powers for Inclusive Particle Production on C, H, and CH2 Targets 
(E925 1997 and 1999 Running Periods - 2 1.6 GeV/c Inc. Proton Beam Momentum) 
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E925 - Measurement of Pion-Inclusive AN at 21.6 GeV/c 
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RHICJ 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 

I3925 at AGS: 

1. Large energy range (20-250 GeV) poses challenges 
PT and XF - need strong magnets in a limited space. 

for selecting large 

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 beaIm 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 1 - ‘l’oroid Magnet ($ 1.7M for 2 double-armed polarimeters) 
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RHIC Implementation 

Past Design II - “No F’rills” Design ($0.7M, One Arm Only) 
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Tracks shown are for 25 GeV. Scale IS greatly exaggerated - vertical scale 

is N3m and horizontal scale is 400 m. 
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Asymmetry in Charge-Exchange Reactions (BNL E948) 

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

The till list of collaborat.ors 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)2. 

As test assembly was ma.de 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, CH2, and CD2 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 -t. 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, CD2, 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: 
J.T. Balewski 
W.-W. Jacobs 
T. Rinckel 
J. Sowinski 
E. J. Stephenson* 
J. Vanderwerp 
S.W. Wissink 

*spokesman 

Kent State U. 
B .D. Anderson 
J.W. Watson 
W.-M. Zhang 

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 chann.els 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 pfp 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. 

2. 

3. 

whether the setup was able to reproduce 
known values for p+p. 
whether the analyzing power for charge 
exchange remains large at 22 GeV/c by 
observing scattering from a nearly free 
neutron. 
whether any large charge exchange spin 
dependence remains for neutrons bound 
in a carbon nucleus. 
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“I-1adronic” events that shower in the 
second lead absorber or the calorimeters 
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COMPARISON TO ELASTIC 
SCATTERING ANALYZING POWER 

Open circles = data from Crabb at 24 GeV/c 
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“NEUTRAL, HADRONIC” SPECTRUM 

The spin dependence changes with 
calorimeter energy. Results are 
shown for 5 bins. 
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FIGURES OF MERIT 
(hadronic) 

c5 w A F. 0. M. 

charged: 

C 1340 0.0271~0.0024 0.98 

CH, 4030 0.0273 ~0.0025 3.00 

CD, 3445 0.0341T0.0019 4.01 

neutral, full peak: 

C 167 0.04OOTO.0069 0.27 

CD, 245 0.0564T0.0054 0.78 

neutral, upper half of calorimeter energy: 

C 87 0.061OTO.0096 0.33 

CD, 136 0.1015+0.0074 1.40 

deuterium only: 

charged 1051 

neut.: all 39 

neut., top-E 24 

0.0387r0.0079 1.57 

0.0915r0.0268 0.33 

0.1.753io.0351 0.75 

charge-exchange (anticipated): 

6.2 0.4 0.99 
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Polarimeter design issues 

(Early) design constraints: 
carbon fiber target 
known analyzing power over RHIC energy range 
modest cost 

+ CNI polarimeter for commissioning 

Longer term issues: 
- Where (how many) polarimeters do we need? 

What must we know about off-axis components, 
and rotator performance? 

- Systematic error suppression (favors larger A). 
- Calibration: 

- 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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I3948 ISSUES 

Experimental: 
How do we improve resolution for neutrals? 
(This helps to separate large A processes.) 

- Calorimeter size is restricted by proximity to 
beam. This problem gets worse with energy. 

- It is important to maintain efficiency. 

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 
for analyzing power? 

- What is evolution with energy? 
- Are other channels similar? (Deuterium A is 

consistent with CEx A=1 and other A=O.) 
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An Absolute Polarimeter for Protons 

Elliot Leader (Birkbeck College, London) 

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 high energies and very small momentum transfer pp elastic scattering 
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 methodology, where, knowing the polarization of beam and target, 
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 essentially 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(QED). 
What we do not know is h.ow the effect of experimental errors will influence 
this. 

These results add one more important reason why a detailed study of 
spin-dependence in pp elastic scattering should be carried out, as it uniquely 
can be, at RHIC. 
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9:15 

9:30 

9:35 

10:35 

10:50 

11:25 

12:oo 

13:30 

T. Kirk 

Coffee 

(BNL) Welcome 

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

(:offee 

H. Huang 

W. Guryn 

(:BNL) E p ‘m t 1 x erz en a work on the proton-Carbon CNI polarimeter 

(IBNL) Polarimetery using proton-proton CNI 
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energy protons 
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