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ABSTRACT

The physics case for an experimental measurement of the heli city asymmetry in the two single-
pion phdoproduction processes yp - n*n and yp - n’p a energiesupto 2.3GeV isjust as
valid today as it was when Propcsal 91-015was originally submitted. Although an extensive set
of measurements on these reacdions has been completed at Mainz at energiesupto 800MeV, no
heli city-separated exclusive data exist above 800MeV, and nore ae anticipated at other
laboratoriesin the nea future. The data ae an important inpu to the partia-wave analyses of
pion phdoproduction, and the heli city-separated angular distributions will be important in
making accetance @rredions to the ongoing program of measurements of the GDH sum rule by
the total cross £dion methodat Bonnand aher laboratories. We request that the goproval of the
experiment be redfirmed for the next 3 yeas, during which time we ae confident that a suitable
polarized target can be obtained and the experiment can be completed.



1. Desirefor the experiment to remain approved

The propacsers of this experiment hereby expresstheir unquelified desire for this
experiment to remain approved. The Red Phaton Working Group d the CLAS Collaboration
endarsed the @ntinuation d this experiment at its meding of 18-19 May 2001, beh onits own
merits and as part of an anticipated program of doulde-palarization measurements of other
processes which also require afrozen-spin target.

2. Updated scientific case for the experiment
2A. Summary

Proposal 91-015was originaly submitted with the foll owing scientific goals:

Q) to test the hitherto untested predictions of the helicity
asymmetry by partial wave analyses.

(2) to evaluate accurately the single-pion photoproduction
contribution to the Drell-Hearn-Gerasimov (DHG) sum rule.
3) to use the helicity asymmetry as a new diagnostic tool in
searching for evidence of poorly determined baryon
resonances.
(4) to perform a preliminary evaluation of the contributions of
other significant processes (particularly vp - m'op)to the

DHG sum rule

Of these, goals (1) and (2) require some modest updeting in the light of completed and
ongoing measurements at Mainz and Bonn,while goals (3) and (4) remain essentially unchanged.

2B. cientific background for the proposal

The important points motivating this propasal are a foll ows: (references can be foundin
the original propasal for Experiment 91-015)

1) The Gerasimov-Drell-Hean (GDH) sum ruleistherelation
o 2
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where 6,,, and 05, are the total cross gdions for hadron phdoproduction onthe protonin the
helicity-1/2 and heli city-3/2 states, kisthelaboratory phaonenergy, o isthe fine structure
constant, K, the proton’s anomalous magnetic moment, and m, the protonmass The sum rule
foll ows from very general principles (Lorentz and gauge invariance, crossng symmetry, causality
and untarity) applied to the forward Compton scatering amplitude, and from the ealiest days
there has been at least as much interest in how the sum ruleis satisfied (i.e. rate of convergence,
signs of contributions of indivdual processs, etc.) asin whether it is stisfied.
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2) Measurements of 6., or 04, require the use of circularly poarized phdonsincident on
longitudinally polarized protons. At the time of the original propcsal, there were no dired
measurements of G,,, or 04, (or their equivalent representations), in either differentia or total



cross ®aionform, for any phaoproduction readion.

3) Predictions of do,,, and do,,, can be made from partial wave analysesof yp~ n"n and

v p - ©°p using existing unpdarized and transversely polarized data. (We will use the symbol
do to standfor do/dQ) . These analyses predicted that a very large fradion o the GDH sum
rule shoud be exhausted by the two single-pion readions at energies below abou 1.2 GeV.

4) Polarized deep inelastic muonand eledron scatering experiments measure the spin structure
function g, (x,0?), which isthe analog of the quantity do,, -do,, in phdoprodiction. The

ealiest experiments of this type led to the interesting result that a Q* extrapolation o the integral
2
I, (0) = zl;’ lgl(x,Qz)dx, which is ageneralization d the GDH integral for 02+ 0, would
0°Jo

require an extraordinarily rapid change of magnitude and sign in order to evolve smoathly toward
the GDH sum rule value & Q? =0.

Whil e the angular coverage of the CLAS detedor system is not sufficiently complete to
make it agood devicefor measuring total cross £dionsin phdoproduction experiments (and
hencefor adired measurement of the GDH sum rule), it was judged that we muld make a
valuable contributionto the GDH effort by measuring the differential cross ®dions do, and

do,, for the single-pionand 2pion phdoproduction rocesses within the combined acceptance

of the CLAS andthe high-field pdarized target which was then under design. Such data would
be important inpus to the partia wave analyses, which could then predict much more reliable
total cross dion values.

We notein passng that the helicity decomposition d the aoss £dion can be expressed
inthree guivaent ways: (1) theindividual cross ®dions do,, and do,,, , (2) the unpdarized

cross ®dion do = (do,,, +do,,)/2 and cross ®dion dfference A (do) = do,, -do,,, or (3)
the unpdarized cross ®dion do and the helicity asymmetry E= (do,, - do,,,)/(2do).

Experimentally it is always advantageous to extrad either A(do) or E from the polarized-target
data, and use measurements on an unpaarized target for do.

2C. Update of the scientific justification

Sincethe submisgon d the propacsal, additional predictions from partial-wave analyses of
single-pion phdoprodiction have gpeaed*?3, withou altering the fundamental conclusions of
the ealier works. State-of-the-art partial wave analyses of phatoproduction at Mainz (MAID)*
and GWU (SAID)® are avail able on-line, making it possble to evaluate GDH contributions at
energiesupto 1GeV and 2GeV, respedively.

More recent measurements of polarized dego inelastic lepton scattering have been
performed at SLAC, CERN (SMC collaboration) and DESY (HERMES coll aboration).® In
particular, the HERMES experiment’ shows that the generalized GDH integral continues to rise
with deaeasing Q% down to Q?= 1.28GeV?, making the rapid turnover required to read the red-
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phaon value even more remarkable.?

Most important, measurements of the contributions to the GDH sum rule on the proton
between 200and 800MeV have been performed at Mainz, using tagged phdons and a frozen
spin target inside the DAPHNE large-acceptance detedor. Measurements of the total yp cross
sedion dfference Ao (=0,, - 0,,) from 200to 400MeV , and the resulting contribution to the
GDH sum rule, have been puldished® Datafor the differential cross dions for al exclusive 1-
and 2pion phdoproduction processes upto 800MeV have been taken and reported in
conferencetalks.'®* In addition, measurements of Ac at energies from 680to 3100MeV have
begun at Bonn, wsing atotal-crosssedion detedion system and the same palarized target system
used at Mainz.

Re-evaluations of the GDH sum rule using prelimi nary results from the Mainz
measurements have gopeaed in conference proceadings. Theintegral from 200to 800MeV has
been quded as 216+6+13 jub,*® compared to the sum rule value of +205pb. (The Mainz-Bonn
GDH collaboration prefersto define Ao and the GDH integral with sign oppaite to that of
Sedion 2) For this measured energy region, the sum ruleis dominated by the single-pion
contribution o the A(1232) resonance, and the eisting partia-wave analyses acourt for this
contribution very well .

To determine the full GDH integral from the Mainz data, one must use theoreticd
estimates for the lower and higher energy regions. These give rather large contributions of both
signs (k< 0.2GeV: -27+2 ub; 0.8< k<1.65GeV: 39+14 ub; k> 1.65GeV: —25t6 ub),*
adding upto asmall total corredionwhich is compatible with the sum rule. The value for k >
1.65GeV comes from arecant phenomenologicd analysis by Bianchi and Thomas'? which usesa
Regge parametrization d polarized deep inelastic lepton scatering datato predict the multi-pion
contributions to the GDH sum rule & Q*=0. There &ist no red-phaon measurements to
substantiate the predictions for phaon energies above 0.8 GeV.

The status of other ongoing and roposed experiments relevant to this propacsal is
summarized in Appendix A. The essntial fad isthat none of these programs will fulfill the
goals of Experiment 91-015: ameasurement of the helicity asymmetry in exclusive pion
phaoproduction processes at energies above 800MeV.

3. Membership of the collaboration

A current list of collaborators appeas on the title page of thisnote. MahbubKhandaker
of Norfolk State University and Donald Crabb d the University of Virginia join the proposal as
co-spokespersons.  The cntinuation d this propaosal has also been endarsed by the Red Photon
Working Group d the CLAS Coll aboration.



4. Technical readiness of the experiment
4A. Frozen spin target status

Proposal 91-015 popaosed making measurements using the same high-field, dynamicdly-
polarized target as was required by the (e,€X) experiments, bu stated that the experiment could
be substantially improved by acquiring a frozen spin target, whose use would be limited to
phaonbeam runs. PACS approved the experiment for 18 days of beam timein Hall B as
requested, bu appended as arecommendation:

“The possibility of using a frozen spin target should be seriously
explored, especially as an investment for future experiments.”

The &senceof such atarget, together with the fad the that the start of the Mainz program
pre-empted the “first look’ feaure of the propacsal, is what kept us from using the goproved beam
time & part of the egl run periods. For atime, it was hoped that there was a possbility of
bringing to Jeff erson Lab the Bonn-Bochum-Mainz frozen spin target which is currently in usein
the GDH program at Mainz and Bonn. However, this target has now become an esentia part of
along-range program at the two German laboratories, andis unlikely to be availablein the
foreseedle future.

A description d the advantages of afrozen spin target, together with preliminary plans
for producing such atarget for Hall B, isgivenin Appendix B. Thistarget can be dfedively
developed as a mll aboration ketween the Jeff erson Lab target group and the University of
Virginia We urge that Jeff erson Lab find the resources to construct this target.

4B. Other experimental equipment

Because of the large flight times from the target to the CLAS time-of-flight courters,
phaon beam running requires a “start courter” close to the target to suppressacadental
coincidencesinthetrigger. Thusthetarget cryostat and hdding magnet must be designed to be
compatible with either the existing CLAS start courter or with the new start courter which is
under development. There ae no fundamental incompatibiliti es between the start courter and
target cryostats of the sort discussed in Appendix B. The only detail to be worked ou isthe
shielding of the start courter phaomulti pliers from the fringe field of the holding magnet.

Aside from thetarget and start courter, no dher modifications of the standard Hall B
equipment are required for this experiment. The drcular pdarization d the bremsdrahlung
phaons can be cdculated preasely from the longitudinal pdarization d the dedron kean, so no
bean padarimetry beyondthe standard eledron-bean Mdll er paarimeter is required.

4C. Data analysis
We will attempt to extrad the heli city dependence of the @oss dionfrom the datain

the form of bath A(do) andE. A(do) is determined by subtrading the normalized yields in the
two pdarization states; sincethe bound naleons are unpdarized, the dilution fador (the ratio of



total nucleonsto freeprotonsin the target) is not used in the cdculation d the result, but only

aff eds the statistics of the subtradion. This methodis being used in the analysis of the Mainz
GDH experiment.®'%!* For ead method, the systematic uncertainty contains contributions from
beam and target padlarization, which shoud ead be under control at the level of 3%, and from the
method sed to separate single-pion from multi-pion pocesses. The systematic uncertainty in
A(do) also contains the uncertainty in the phaon flux (=3%) andin the aed density of free
protons (#5%). The determination d the asymmetry E isindependent of target thicknessand
bean flux, bu requires knowledge of the dfedive dilutionfador. Sincewe will i dentify events
produced onthe freeprotons by kinematic auts, the dfedive dil ution fador can be made much
small er than its nominal value (7.4 for butandl.).

The original proposal contained kinematic simulations which predict that the signal-to-
noiseratio between freeproton and boundnucleon events after missng-masscuts soud be of
order 1:1 for ntt* (and 1:2.5for pmt°) for energiesupto ~2 GeV. The analysisin progressof the
reagion ep-~enn” from datataken with the CLAS high-field pdarized target shows that the
estimated missng-massresolution and signal-to-noise estimates are redistic (Fig. 1). The
resolution d the subtraded (free-proton) peek nea W= 1.7 GeV is consistent with simulations,
and is adequate to separate single-pion from multi-pion eventsin this region.

At energies above dou 1.5GeV, seledion d freeproton events by missng massaone
may nat be fully effedive, bu for the single-pion processes, coplanarity and aher kinematic
constraints can easily beimposed by deteding the neutral particlein coincidencewith the
charged particle. The CLAS cdorimeter, which subtends anglesupto 45°in al sedors (and up
to 70°in two sedors), has approximately 60% detedion efficiency for neutrons above dou 2

x102 x 10

1200 10000
ONH F ONH
mt i 1
o0 c '
si0 - BH
800
00 |-
0
400
400
000 -
200
N IR R o Ll

0

02 04 0.6 0.8 1 12 1.4 02 0.4 0.6 0.8 1 12 14

M, (GeV)
Figure 1. Missng massof ep~en*X from datataken onCLAS high-field pdarized target (analysis of
Exp. 93036 by R. DeVita) Left: 1.24<W < 1.36GeV (correspondngto E, = 0.34 — 0.51GeV. Right:
1.60<W <1.72GeV (E, = 0.9 — 1.1GeV). The threeshaded regions how data from NH;, carbon
(normali zed), and subtraded.
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GeV/c, and the time-of-flight courters have neutron efficiencies of 6%—10 nea 200MeV/c,*®
The caorimeter also has areasonably high efficiency and acceptancefor m%-+yy above 1 GeV.

4D. Revised run plan

The 18 days requested and approved for Exp. 91:015assumed running at threediff erent
beam energies, 0.8, 1.6and 2.4GeV, in arder to cover the phaon energy range from 0.3to 2.3
GeV. (The pdarizationtransfer to the phaonsis roughly propational to k/E,, so orly phaon
energies above ~0.4E, areuseful.) In view of the excdlent data avail able and forthcoming from
Mainz upto 800MeV, we consider 800-MeV running at CLAS to be nolonger useful, and
propose vering the energy regionfrom 0.7to 3.8GeV by runnng a 3 endpant energies: 1.6,
2.4and 4.0GeV.

The motivationfor the 4.0GeV runis based primarily on 2fads:

1) The BonnGDH experiment intends to measure the total cross ®dion dfferenceupto
3.1GeV with littl e or no seledivity for individual exclusive processes. Differential cross dion
information onexclusive 1- and 2-pion processs at energiesin thisregionwill be very useful in
motivating the necessary angular acceptance @rredions.

2) The phenomendogicd analysis of pdarized eledroproduction data by Bianchi and
Thomas'? predicts a substantial contribution to the GDH sum rule & energies well above 2 GeV,
andin faa an experiment has been approved at SLAC to measure GDH contributions between 5
and 40GeV.** Although the single-pion contributionis only asmall fradion d the total cross
sedionin this region, measurements of the 2-pion exclusive dhannelsat CLAS inthe 2.5-4 GeV
regionwould be very useful in estimating possble mrredionsto GDH testsaswell asin
seaching for the dominant processes if this prediction d large spin asymmetry is suppated by
the data.

Table | shows proposed run condtions for the three aergies, with the statistica goals of
the measurement and the time required for eat energy. We asume the foll owing condtions:

Target thickness 1.5g/cm? of butanadl (C,H,OH)
Bean spat collimation 1.0cm diameter at target
Average target polarization 70%

Eledron bean pdlarization 70%

Maximum CLAS trigger rate 3000triggers/sec

The beam time requested shoud be sufficient to determine the heli city asymmetry E (see
Sedion 2B) to astatisticd uncertainly E = +0.05in ead bin of differential cross gdion at the
two lower beam energies, andto +0.07 at the highest energy. The systematic uncertainty in E is
estimated at OE/E = 5% due primarily to the knowledge of beam and target pdarization. The
tagging range for the 1.6 GeV run extends down to 450MeV, to give substantial overlap with the
Mainz measurements in the resonanceregion.

We ssaumethat it will not be possbleto pace a cebontarget in the bean, and that
therefore no boundnucleon badkgroundshape subtradions will be possble. (Various options



for mourting a cabontarget outside the ayostat are under consideration, bu no obvous lution
exists) We asume that kinematic auts are used to reducethe dfedive dilution fador (total
nucleong/freenucleons) from 7.4to values aslow as =2 (for yp-m'ninthe 1.6 GeV run),
improving the statisticad uncertainties of the subtradions. The tableincludes 4 days for target
polarization, assuming that repolarization d the frozen spin target will be required approximately
every 4 days of runnng, and that, with a new system being commisgoned, beam losswill be a
full day for ead repdarization.

Tablel. Requested runtimefor the 3 bean energies. The aiterionisthe statistica uncertainty
desired in the heli city asymmetry E for for yp-m°p and yp~m'n.

Bean | Tagged | Tagging | Angle | Energy | Hours | OEfor | OEfor Days
Energy phaon rate bin bin bean | yp-m* | yp-m°
(GeV) energy (MeV) on n p
(GeV) target
1.6 0.45-1.52| 28MHz | 15° 25 115 .039 .050 5
2.4 1.45-2.28| 14MHz | 15° 50 176 .049 .050 7
4.0 2.15-3.80| 12MHz | 30° 100 77 .070 .070 3
Target pdarizationtime 4

Tota run 19




Appendix A. Ongoing and proposed experiments to measur e contributionsto the
GDH sum ruleon the proton

Mainz Seesedion 2C.

Bonn

As part of the same experimental program asin Mainz, and using the same polarized
target, ameasurement of Ac at energies from 680to 3100MeV is being performed at Bonn™
using atotal-crosssedion detedion devicewith orly limited ability to dstinguish individual
final states.

LEGS

The LEGS fadlity at Brookhaven National Laboratory is planning measurements of all
yp and yn differential cross dionsupto 470MeV, using anew frozen-spin HD target known
as“SPHICE”. Dueto technicd difficulties, aworking polarized target has not yet been pu in the
beam.

GRAAL

The GRAAL laser-badkscatering fadlity at Grenolde dso pansto use aSPHICE-type
HD target (cdled “HYDILE") to measure the GDH contribution and some exclusive aoss
sedionsupto 1.5GeV. A working polarized target has not yet been pu in the beam.

Spring-8
Tentative plansto measure Ao (total cross £dion orly) at phaon energies from 1.8to
2.8GeV using afrozen-spin CH, target appea to be on hdd becaise of other commitments for

the target.

SLAC

An experiment* has been approved to measure Ao from 5 GeV to 40GeV using atotal-
crosssedion cetedion cevice afrozen spin target, and a wllim ated coherent bremsdrahlung
beam.

Jefferson Lab

Experiment 94-117(Z. Li, J.P. Chen, S. Gilad, S. Whisnant - conditi onall y approved)
proposes to measure the heli city decompasition d pion phdoproduction onthe neutron using a
SPHICE-type target in Hall B. The @ndtional approva was based onthe unproven status of the
target techndogy.

Experiment 91-023 (V. Burkert, D. Crabb, R. Minehart) measures the Q? evolution o the
GDH sumrulein p(e, ' X) in Hall B. Experiment 93-036 (H. Wéller, R. Minehart) measures the
exclusivefinal states ep-en’p and ep-en* n inthe samerun.

There ae dso threeother approved GDH-related eledron scattering experiments (93-009,
94-010and 97110 using neutron (deuteron a *He) targets.



Appendix B. Justification and proposal for a frozen spin target for Hall B

A “standard” polarized target, with high magnetic field (=5 T) required for pdarizing, is
necessary for experiments in which the incident beam deposits appredable energy in the target ,
but has svera serious disadvantages. The magnet needed to produce such alarge and urniform
field occupies much of the space aoundthe target sample, leaving only arelatively small
acceptancefor outgoing particles, and the useful acceptancefor low-momentum charged particles
may be further reduced by large defledions in the magnetic field. For experimentsusing alarge-
aperture spedrometer like CLAS in conjunction with atagged phdon keam, which depasits
negligible energy in the target, amore dtradive optionisto use afrozen spin pdarized target.

In afrozen spin target, the material is polarized in the standard way with microwave
irradiation in a high magnetic field. Then, with the microwaves off, the temperature of the
material islowered as much as passble, so that the relaxation time of the polarization becomes
very long, hencethe term “frozen spin”. The adual value of the relaxationtimeisastrong
function d theratio B/T, where B is the value of the magnetic halding field and T the material
temperature. By operating at a sufficiently low temperature, it is possble to reducethe halding
fieldtoavalue < 0.5T while still preserving ahigh pdarizationfor times accetable for runnng
the experiment. Thelow hading field can be supgied by another magnet, the geometry of
which can betail ored to the particular experiment to provide amuch larger accgptancethan
obtainable with a high-field magnet. For example, the polarized target for the Mainz-BonnGDH
experiments (Fig. 1) usesahalding field produced by a very thin (500 um) supercondtcting
solenaid, which dffersvirtualy no olstruction to the outgoing particles.

A *He/*He dil ution refrigerator is used to provide the lowest temperatures and reasonable
coadling power when pdarizing. Typicd valueswould be 50 mK for frozen spin operation and

Internal Superconducting Holding Magnet’

Target

=)

.
é
1

s

@ i

77

——— 100 Imm ——

Figure 2. Polarized target used in the Mainz GDH experiment. Thetarget islocated inside the
internal supercondwcting solenoid at the end d the dil ution refrigerator.
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200-400mK with <50 mW codling power when pdarizing. A possble scenario for obtaining
such arefrigerator has been proposed by the University of Virginiagroup.

Movement of the refrigerator or polarizing magnet within CLAS will be required in order
to transfer the target from the strong polarizing field to the wegker halding field. A number of
magnetic configurations are possble, the optimum arrangement depending on the experimental
requirements and whether transverse polarizations as well as longitudinal are required.

Options for the halding field include pasitioning the target in the fringe field of the pdarizing
magnet, or installing asmall halding coil i nside the refrigerator like the one used in the Mainz
GDH experiment®®1"8 (Fig. 1). A general review of present-day polarized target techndogy is
foundin Ref. 18.

In summary, afrozen spin pdarized target can be @nstructed for operationin CLAS,
using adilution refrigerator together with a2.5T poarizing magnet and ahalding field of ~0.5
T . Microwaves at 70 GHZ would be used to pdarize, and astandard Liverpod Q-meter would
measure the polarization. For abutanad target, initial proton pdarizations of abou 90% are
achievable with hdd times of upto 200 hows, whil e deuteron pdarizations for deuterated
butanad could read 50% with longer hold times. Thistarget system could efficiently be
produced by a ollaboration between UVA and the Jefferson Lab target group.

" The University of Virginia(UVA) has the caability of providing such arefrigerator
which can be assembled from major comporents currently in itslaboratory. This dilution
refrigerator was fabricaed at CERN but never asseembled; however, threeothers of the same
design have been used very succesdully in ather experiments at the CERN PSand LEAR [J.
Zhao et al., Nucl. Instr. and Meth. A 356, 133(1999; H. Dutz et al., Nucl. Instr. and Meth. A
356, 111(1995
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