Lawrence Berkeley National Laboratory
LBL Publications

Title
Asymmetry in + Photoproduction from a Polarized Target at 5 and 16 GeV

Permalink

bttgs:ééescholarshiQ.orgéucéitemg3nm38554=l|

Authors

Morehouse, C C
Borghini, M
Chamberlain, O

Publication Date
1970-06-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at bttgs://creativecommons.org/licenses/bv/4.0/{

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3nm385s4
https://escholarship.org/uc/item/3nm385s4#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

~Subrmmitted-te Physical Review

. UCRL-19492
Letters %75’) 8 3 S (/‘] 7@) Preprint c. 2
RECEIVED
RADIAT‘LSN LABORATORY
JuL 6 1970
LIBRARY AND

TION .
DOCUMENTS SECTION o\ Ve TR Y IN 77 PHOTOPRODUCTION FROM A
POLARIZED TARGET AT 5 AND 16 GeV

C. C. Morehouse, M. Borghini, O. Chamberlain, R. Fuzesy, W. Gorn,
T. Powell, P. Robrish, S. Rock, S. -Shannon, G. Shapiro,
H. Weisberg, A. Boyarski, S. Ecklund, Y. Murata,
B. Richter, R. -Siemann, and R. Diebold

June 1970

AEC Contract No. W-7405-eng-48
4 )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

~
St

LAWRENCE RADIATION LABORATORY
/7\,/ y /UNIVERSITY of CALIFORNIA BERKELEY
o

1-T192N

Ne}
W
O
N



DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



A

UCRL-19492°

ASYMVETRY IN «' PHOTOPRODUCTION FROM A POLARIZED TARGET AT 5 AND 16 GeV
C. C. Morehouse, M. Borghini,+ 0. Chamberlain,AR;.FuZesy, W. Gorn,
T. Powel},fP. Robrish, S. Rock, S. Shannon, G. Shapiro, and H. Weisberg#
o Iawrence Radiation ILaboratory
University of California - -
- Berkeley, California 94720
A. Boyarski, S. Ecklund, Y. Murata.,alE B. Richter,; amd R: Siemann

- Stanford Linear Accelerator Cénter
'v Stanford University, Stanford, California-94505_

and
R. Diebold‘

Argonne National Laboratofy
Argonne, Illinois 60440

ABSTRACT

We have measured the asymmetrykin thé créss séction for the reaction
'7p - ﬂ+nibefweén the two states of polarization'of the initial proton nor-
mal tofthé plane of scattering. The initial labdratory photon energies,
k, werGFS'GeV and 16 GeV, and the regions of momentum-transfer, t,_cbvered
were O;lﬁ:fgdit < 1.01 GeV/c and O.lhlf*Jlt < 0.78 GeV/c respectively.
A butahéi‘polarized target was used with the SLAC 20 GeV/E magnetic spec-
troméfér;‘ The data shoﬁ‘a sizeable asymmetry af Both 5 GéV and 16 GeV.
The 16 GéV data'peak at Jit ~ 0.30 GéV/c with an asymmetry of about
-O;TO,:and the_5 GeV dété péék ét Vct ~ 0.80 GeV/c with ah asymmefry
of about -0.70. (The direction of our normai.to the scattéring plane

is‘aloné'(photon in) X (pion out)).
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"Sinéle pion photoproduction at high energles has received much
eXperimehtal‘and theoretical attention in the pasthseveral years'.l’2 In
thexformardhdirection (small momentum transfer'to‘the‘pion) the diffe-
rential.cross_sectiOn.has been measured for 7p'+ ﬁfn,'yp - ﬂop, and
yn'—> n;p for 7 energies up'to 18 GeV. vTheoretical models based on
Regge poles only, Regge poles with absorptlve cuts; vector meson
domlnance (VDM), electric Born approx1mat10n with and without absorptlon,
and phenomenologlcal fixed poles have been applled to these cross sections.
Recently, beams of hlgh energy llnearly polarlzed photons have allowed
measurements of the productlon asymmetry by photons with states of
'polarlzatlon parallel and perpendlcular to the plane of production. A
‘dlfferent combination of amplltudes from that measured in the polarlzed
photonherperiments is measured by photoproducing.from.a polarized tare.
get (seehref@'ll;.for example)t We report.here-a measurement of .the
asymmetryﬁln the produced pions between two states of proton polarization
in the I‘eactlon | | o | |

7P ﬂ+n .

.The experlment was performed at the Stanford Linear Accelerator
Center, us1ng the 20 GeV/h spectrometer to detect the = .. The spectro-
metervsystem was 51m1lar to that used.ln prev1ous photoproduction experi--
ments of'Boyarshi, et al.3f6"A butanol polarlied“proton targetu‘mas used
in a vertical maénetic field_with'its‘proton spins (those_of hydrogen
nuclei)toriented parallel and'anti¥parallel-to the.normal of the produc_
tion plane; | | | |

;:Thejphotoproduction cross section of pions from polarized protons

can be expressed as:

29 (1) L) aeamE - D)

polarized ‘ unpolarlzed
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whe:e.%& ié the target polarization,‘ﬁ is thé ﬁ@rmal to the production
plane-(ﬁOSiﬁive in the direction i& X ;ﬂ+), t is the invariant momentum
transfer sduared, and A(t) ié thé asymmétry paraméter wé wiéh to mea~

sure. Experimentally we measure the quantity e(f):.

"Na(t) ~ N f
«(v) = s G _

where'Ng(N‘) is the number of pions produced per unit incident beam for
the target polarized parallel (antiparallel) to n. e(t) and A(t) are

felatedvby:
A(t) = =—¥ ()e(v)
, IPT S
where H(t) is a factor to éccount for fhe fact that the target is not
pure;hydgégen. (e(ﬁ) wouid'equal A(t) for a pure hydrogen target that
is lOb%{pdiarized.) . | |
;T%; photon beam cauées radiation damage in ﬁhe target, reducing
its polarizatidn. As the fadiation damagea and thus the target polari-
zation; is'not uniform in the target‘along thé?béam direction, if was
neceséary to measure the target polérization wifh a nuclear-magnetic-
resongnéeA(NMR) system which would sample the whole ta?get uniformly.
This ﬁas aghieved with a septum arrangement.described in Ref. 4. gince
‘the NMR system‘samples the entire target; it was important to illuminate
uniformly the 2.5 em X 2.5 cm target with the béém. To this end a beém
sweeping technique used previously in the inelastic electron scatﬁering _
experimehﬁ'of Rock, et al.,5 was.employed to sweep the.primafy electron
beam across a 0.03-radiation-length aluminum radiator at the ratevof |

about once per second. The resulting bremsstrahlung beam passed through



“he
an'adjustatie collimator and a fixed beamvscratertbefore striking the
targetjf'The'various beam monitors were found to tedaffected slightly
by thls sweeplng, but since thls effect (< 5%) was present for
both 51gns of target polarlzatlon, our results are ‘not affected
The beam pos1t10n on the target was observed.by means of exposures of
glass'slides to the beam transmitted by the target "An exposure of
about 5 mlnutes to the photon beam was adequate to fix images of the
colllmator and target outllnes on the glass.

We;recorded the. target polarlzatlon about once per second and we
estimate that its value vas measured to better than one part in twenty.
The targetfpelarization wa.s reversed aboutaevery five minutes iﬁ'an ,
attemptvto'reduce possible systematie errors dde_to changes in beam
‘1ntens1ty,‘steer1ng, etc. The beam 1nten51ty was adJusted to about
2 X lOll equlvalent quanta/%ec, a limit set by countlng rate and by
' targetfradlation-damage rate. Target_radiatlon damage could be repaired
to a laréetdegree,by_an'annealing process that;took'about 30 minutes.

We annealed eaeh;targetfabout four times:and changed.the target completely
once eaCh day. Wedfound that the average target poiarization as a fune—
tiondoffptoton dose, ¢, followed_roughly an eXponential, P = Poexp(-¢/¢o),’
where}ooaf 7 X lblu equivalent.quanta/cm2 for a target of 0.05 radiatioa
lengthsé%~The target polarization was controlled and monitored by a PDP-5
computsriﬁhich in turn was linked to an SDS-9500 computer, which monitored
the countihg-asymmetry, e(t), on-line.

The hydrogen correction factor,:H(tj,‘defined as the ratio of the
totalfnumber of counts from the polarized target which satisfy 9p +‘n+n

kinematies to the number of counts actually due to this
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: reactionfon polarizable protons, is needed to relate e(t) to A(t). The
actual- fractlon, by mass, of hydrogen in’ our butanol target and. nearhy

materlals 1s about 0.10, but in the heavy nuclei only the protons can

contribute to 51ngle n photOproduction. Their contribution is‘reduced
by exclus1on pr1n01ple suppress1on as well asbabsorption of the n pro-
duced 1n51de a nucleus. In addltion the Ferml motlon of these bound

_ protons'furthernreduces their effectiveness in.photoproducing.pions in
the monentunfrange'acceptable to the spectrometer;6 A typical value of
H(t) in our experiment is 4. This value for J(t), together with the
averageVtarget"polarization of ~ 0.20 means that_the maximum value of
ekperinental asymmetry that we could observe is 5_0}05. ‘Typical values
that we measured were e(t) ~ 0.02.

The procedure for determining the hydrogen correction,zﬂ(t), in-
volved'calculating an effectlve differential cross section for the bu-~
tanol»taréets, normalizing to the known number of>free protons in the
butanol Thls quantlty d1v1ded by the differential cross section for
protons dlrectly gives the hydrogen correctlon factor,:H(t) We could
not use the preViously measured hydrogen’cross sectlons because in
thoSe‘measurements5 the hydrogen target fully .intercepted the photon
beam, uhile we'nere intentionally sweeping the beam slightly beyond
the.limits of our butanol target in an attempt to'uniformly illuminate
it. Thus we had to measure the effective cross section for hydrogen-
in a nanner similar to butanol-target running,' This was done with a

| polyethylcnc bloek ecut to the samc'cross section as the butanbl:target
and matched to the butanol in radiation lengths A similar block of

carbon was prepared containing the same mass of carbon as the poly-v

ethylene‘block. Data were taken with the two blocks under beam
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condi’t-i‘ons. similar to the polarized butanol running. A subtraction of
the "target:empty" carbon rate from the polyethylene-rate gave the needed
effective hydrogen cross section and together w1th the effective cross
sectlon from the butanol targets, the hydrogen correctlon factor,:H(t)
| Data were taken at two incident photon energles, k = 5'and 16 GeV.
The results are glven in Table I and dlsplayed in Fig. 1 as a function
of Jtt" The errors shown are statlstlcal only and come from both the
measurements of e(t) and:H(t) The statlstlcal error 1n:H(t) averages
about +7% of 1tself, Whlch when comblned 1n quadrature with the statlstl-
cal errorsvln e(t) give the .errors shown. In addrtion to this statlstl-
cal efibf,fthere is to be applied to all the data a systematic error of
12% (a factor of l 00 % 0. 12), obtalned from comblnatlon in quadrature
of the systematlc errors in the measurements of e(t), P> and:H(t) In
e(t) the contamlnatlon of the data with events from the process
70 n-Ap was negligible except for the three forward points (W-t < 0. 40 gev)
at 16 GeV, where there is a maximum shift of O 03 in A(t) from A0 events |
(this maximum occurs if A =% 1 in A2 productlon) The systematic un-
certalnty in PT is estlmated to be less than 5% The $ystematic error
;H(t) is lO%, due to monitor uncertainties and uncertalntles in the match-

ing of runnlng conditions during polarized target and background runnlng

Therxmable feature of the ‘data is a large negative asymmetry at
both energles out to the largest ‘momentum transfer measured. The 5 GeV
datasls-rather featureless for J:t'f 0.80 GeV, a result seen recently
in a npl» pn asymmetry experiment with a polarized,target.Y' The
np - pn-and yp - xn reactions have attracted attention recently as

both show narrow peaks in the differential cross sections for
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_J:t < 0{14 GeV. When referred to the same normal, the signs of the
: asymmetries'in np ~ pn and 7p »,ﬂfn are opposite;ﬂbut the lack of struc-
ture of'theiesymmetries over e‘large range of taat:similar energies lends>
further support to the similarity of the reactions. In addition to the
magnitude:of the.photoproduction asymmetry there is.a suggestion of
energy dependence of the shape of the asymmetry from 5 GeV to 16 GeV.
(1t must be pointed out that an average curve can be constructed Tfor the
5 and l6 GeV data that y1elds a total X of 10 for about 8 degrees of.

freedom. However a model w1th energy dependence could y1eld a better X2 )

The asymmetry can be. expressed at high energies in terms of the
Ball amplltudes8-as9 * % - :;
2t TmlA A)+A (A +tA-.)]

|A1|2+|t|_|A1;|2+-|_t'u'|A5|?+|,Al+m212
The denomlnator is simply 32x do/dt In a pole?only’model the first
term in the numerstor corresponds to an out- of-phase interference between
natural parlty exchanges in the t- channel while the second term in the
numerator contalns interferences between unnatural parlty exchanges.
The second term is thought to be small on the basis of polarized photon
beam experlments (natural parlty amplltudes domlnate the cross section)
and the fact that the A3 amplltude recelves contribution from GP -
t-channel'.exchange, the only candidate being A; (1070). (If the second
term is 1ndeed negllglble, the rec01l nucleon polarlzatlon from an un-
polarlzed“target will equal the asymmetry in thls experlment.) Thus in
order to. reproduce the asymmetries observed, a model must have apprec1able
Al and Ah amplitudes and they cannot be relatively real

‘A Regge-pole model with absorptlon-generated cuts by Jackson and

Quiggupredicted the 16 GeV result. 10 However, Jackson and Quigg have
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since neinted out the flexibilityvof their model and have stressed its
ability tevaccommedate a wide range of asymmetries including the values
presentedinere.ll Among other things the Regge cut models mix the
simnle Qnsnnum'number assignments to the t-channel amplitudes and inveli-_
date nhe;sinplified apbroach of fhe previous paragraph. Our results can
be used wi#h the vector dominance model to make pfedictions about the
recbil{nﬁcieon polsriza%ion‘in ﬁ+n - pop;s waever experience has shonn
that VDMenredictions are more relieble when summin.gAyr+ and n photopro-
ductioni'res‘ultsl2 and since none of the experlments, ym > 1 p asymmetry,
, ﬂ+n - pop polarlzatlon, or w p - pon polarizatlon, have been done no
check of VDM in nucleon asymmetrles can be made gt this time.

In addltlon to the 7p i n n data, we have data of poor statistical
quallty on the reactlons 7p -7 Ak, y2 Radi ! A; B and 7p -+ K (A,Z ). These
results are shown in Table 2. The data 1nvolv1ng Afs is of such poor
quallty that no deflnlte statements can be made about them. It would be
1nterest1ng to 1nvestigate these asymmetrles fUrther, but it should be
pointea onf‘that the 7p - ﬁ+AP_asymmetry is parficularly difficult to _
measure inva bremsstrahlnng besm as the asymmetric yp - 7'n reaction is
present_es:background.- We collected data on»the reaction 7p »Kﬁ(A,ZO)
duringVnne:yp - n+n running. (Lsck‘of events prevented separating the
processes 7p ~K'A from yp *K%Zo.) The K+ data suggests a negative asym-
metryiasnin the YD > ﬂ+n process and provides éncouragement for further
investigation of this process. |

We wish to acknowledge the help ef John Jaros during the data -
takingﬂ_ The spectrometef cfews and>Spectrometer Facility Group pro-

vided excellent support during the experiment. In addition we wish to

7
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acknowl'ed_."g'eﬁf'the interest and effort of Professor J. D. Jackson and
Mr. CQulgg who provided us with preliminary feéults of their model

prediction.
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Table I. Aéy’mmetry in 7p-'1t+n with a polé.rized proton target vs. Vot at
‘photon: énefgies of 5 and 16 GeV. The errors sh_dwn are statistical only,

and the data should include & systematic error in the form of a factor

1.00 £ 0.12.

;; :E P == = 1‘.,mx, fv*"”E”‘;'i6Gev
Vot (cev) Ad). - Jot (gev) At)

0.4 1-0.18%0.12 o 0.1k -0.25%0.2k
0-23,;_- . -0.34%0.11 0~28.?? | 0.72%0.13
ok  -0.38:0.11 0.0 . .0.66£0.12
0;57a';; -0.56+0,1k | : 0.56‘ - ‘ -0.59+0.19
0-79;  : -0.71+0.15 . 0.78 - -0.36£0.20

1.01 -0.40%0.18
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Table II v‘_Asymmetries from a pola.rizé,d proton",targét in the prob'esses

7D - anO_,';vyp - n:-A++, and yp - K+(A, ZO) at p_hoto_h_ energy of 16 GeV.

Data wé:'r‘fé':-taken at the several momentum 'tra,nsfe:rs-v..shown and the errors

are statistical only.

Process”
7p—>sr+Ao . I

-

ypor AL

7P*K%(Aézo)

Nt gGeV)
0.28
0.56
O,ho
0.28
0.%0

0.56 

A(t)
-0.06t0.76

-1.21#1.09

+0.33+0.34

+0.05%0.18

-0.83%0.33

| -0.29+0.15
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FIGURE CAPTION
Fig. 1. "_Avﬂs_ymmetry in 7p—»zr+n with a polarized proton target vs. Vot at
~photon energies of 5 and 16 GeV. Errors shown are statistical
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