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First Extraction of a Spin Polarizability of the Proton
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A proton spin polarizability characterizing backward Compton scattering has been extracted from a
dispersion analysis of data between 33 and 309 MeV. This backward spin polarizahility,[27.1 =
2.2(stat + sysbf%;i(modeb] X 10™* fm#*, differs significantly from theoretical estimates and suggests a
new contribution from the nonperturbative spin structure of the proton. Fhiwvalue removes an
apparent inconsistency in the difference of charge polarizabilities extracted from datamatmeshold.
Our global result,@ — B = [10.11 + 1.74(stat+ sysh 4zz(mode)] X 10~* fm3, agrees with the
previous world average of data below 155 MeV. Our value #or+ B = [13.23 + 0.86(stat +
sysh 39 (moded] X 10~* fm® is consistent with a recent reevaluation of the Baldin sum rule.
[S0031-9007(98)06009-8]

PACS numbers: 13.88.+e, 11.55.Fv, 13.60.Fz, 14.20.Dh

Elastic photon (Compton) scattering from the proton isimA; as products ofr-production multipoles, and these
described by six helicity amplitudes. The leading correcare used to calculate the principal value integral from
tions to the point scattering from the proton charge andhreshold(vy) up to a moderately high energy™ =
magnetic moment are characterized by six polarizabilityl.5 GeV). A?® is the residual asymptotic component. In
parameters that are sensitive to the proton’s internal strudkegge theory it is expected to be dominatedrmhannel
ture. Two of these, the electri@) and magnetid8)  exchanges and is approximately independent. While
polarizabilities, measure the dynamic deformation of thefour of the six Compton amplitudes are expected to con-
constituent charge and magnetic moment distributions proserge with energy, the two associated with 1gMoton
duced by the electromagnetic fields of the photon. Théelicity flip (the A; andA, amplitudes of [8]) could have
other four arise from the interaction of the photon fieldsappreciable asymptotic parts. In all previous analyses,
with the constituent spins and so are sensitive to the pra-channelz® exchange was assumed to completely domi-
ton’s spin structure [1]. In this Letter we describe thenateA5’, which is then evaluated in terms of t#&;o,,
first extraction of a particular linear combination of thesecoupling. This ansatz left onlg® to be varied in a fit to
spin polarizabilities that characterizes backward Comptomdlata. Sincer — S is determined by the — u =t = 0

scattering. limit of the A; amplitude,
A low-energy expansion (LEX) of the Compton ampli- o 1
tudes toO(Ei) which includes the explicit dependence a— B = —EA‘I‘B(O, 0), (2)

upon the two charge polarizabilities [24; and 3, gives , )

a good description of unpolarized photon scattering dat¥here the nB superscript denotes the non-Born contribu-
up to about 100 MeV [3,4]. Above this, Compton datations from theintegral andasymptoticparts of (1), this is
deviate from these LEX expectations due to higher ordefduivalent to treatinge — g as the single free parameter.
effects. This has been taken into account in the analysis FOr energies below2-production threshold K, =

of a number of experiments [5—7] with the dispersion the-309 MeV lab), unitarity provides an unambiguous connec-
ory of L'vov [8], in which the key free parameter is the tion bgtween the imaginary parts of the Compton ampli-
difference of the charge polarizabilitie®, — 5. This has tudes in (1), the photopion multipoles, and pion-nucleon
led to a consistent description of Compton scattering up thase shifts. As, approaches 309 MeV, these single
singler production thresholdH, ~ 150 MeV lab), with w-productlon c_ont_rlbutlons to ety become very large,

a global average from all data [7] @ — 8 = 10.0 = while 2m contrlbutlons are quite small below 400 MeV
1.5(stat + sysh = 0.9(mode), in units of 10~# fm3. and at hlgher energies are suppresgeq by the energy de-
Dispersion integrals relate the real parts of the scattef20minator in (1). As a result, there is, in fact, very little
ing amplitude to energy-weighted integrals of their imagi_freedom in the scattering amplitude below 309 MeV, and

nary parts. In the L'vov theory [8], these are written as It iS thus rather puzzling that applications of the L'vov dis-
pmax persion analysis to scattering data upAaesonance en-

/ A /
Red;(v,1) = AB(v,1) + 2 Pf vIrEA—’(vzt) dv' ergies appear to yield inconsistent results. While analysis
m Jw ve—v of the E, = 155 MeV portion of the 1993 data set from
+ AP, (1)  the Saskatchewan Accelerator Lab (SAL'93) yields an

wherev = ﬁ(s — u), M is the nucleon mass, amff @ — B value consistent with the global average [7], analy-
denotes the Born contribution. Here unitarity fixes theses of the full data set (extending up to 286 MeV) give
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significantly smaller results (Ref. [6] and Table Il below). of (y, 7) data as in [9], and have included the Compton
Even smaller@ — B values result from extending the data from LEGS [9], Mainz [10,11], SAL [6,7], the Max
L'vov analysis to the new higher energy data sets fromPlank Institute (MPI) [5], llinois (Ill) [4], and Moscow
LEGS [9] and from Mainz [10,11] (see Table Il below). [3]. (From the Moscow results we have used only the
We propose that the weak link in all previous analyses is~90° data for reasons discussed in [7].) Relative cross
the ansatz of no additional contributions to the asymptoticsection normalizations, weighted by the systematic uncer-
part of theA, amplitude beyond those from® t-channel tainties, were fitted following [16].
exchange. We model correctionsAd’ with an additional In addition tos,, anda — B, @ + B can also be ex-
exponential--dependent term having one free parameterfracted in terms of the two nonhelicity-flip amplitudes that
the derivative at = 0. We fit all modern Compton data, contribute to O scattering,@ + B8 = —%[AQB(O, 0) +
and find this addition restores consistencwin- g values  A28(0,0)]. A}® andA2® are dominated by the integrals
deduced from all data up @ threshold. ' in (1), with only A¢ having a small contribution from en-
The physical significance of our additiondh™ con-  ergies above 1.5 GeV which is varied in fitting the data.

tribution becomes apparent when one examines the lowajternatively, @ + 8 can be fixed by the Baldin sum
energy limit of the backward amplitude where the photoryyle [17],

undergoes helicity flip. Expanding in powers of photon ! o tot
energyw, the 180 Compton amplitude is a+pB=-—

3 = o) o 272 )y o
Ay,y(ﬂ-) = ABom T @ (a - B) (8 ' 8)
. 3 R 4o whereos ' is the total photoabsorption cross section. The

— iw*(87)d - (¢! X &) + O(0™). (3) right-hand side of (5) has been evaluated [18] from reac-
Here, £ and &' are the polarizations of the incident and tion data asl4.2 = 0.3. This has been assumed in pre-
final photon, respectively, and is the target spinor. The vious Compton analyses, although a reevaluation using
structure parametes,, which we refer to as the back- recent absorption data has reportéd’ = 0.1 [19].
ward spin polarizability, is a linear combination of the The polarizabilities obtained from the— u =+t =0
proton spin polarizabilities of Refs. [1] and [12], and is re- values of the fitted amplitudes are summarized in Table I.
lated to their definitions by, = —(y, + y» + 2y4) =  The newglobal result (row 1) fora@ — B from all data
—1/2(ay + B2), respectively. In the L'vov dispersion below 27 threshold, 10.11 = 1.74(stat+ sys), is in
analysis,8, is determined by the — u =+ = 0 limits ~ excellent agreement with the previous average of low-

dw, (5)

of A, andAs, energy data [7]. The fitted backward spin polarizability,
1 6, =27.1 =22, is substantially different from the
8, = W[AEB(O,O) + A2B(0,0)]. (4)  w%-dominated value of 36.6 that has been implicitly

) ] ) ) assumed in previous Compton analyses. The extracted
Evaluation of the dispersion integrals up to 1.5 GeV.z + 5 = 13.23 + 0.86 is in agreement with the recent

together with the ansatz afchannel#° exchange for \ajue for the sum rule of (5) from Ref. [19]. When
A5, results ind,, = 36.6 (in units of 110*4 fm*), whichis 4 + B is fixed to the value from [19] (row 2), the
dominated by ther” contribution, 57745°(0,0) = 44.9  changes taxr — B and &, are negligible. The reduced
[8,13]. (We have included-channeln’ exchange, but 2 is'964/(692 — 36) = 1.47 for the full database, and
found this to have a very small effect;0.7, owing to 1 15 per point for the Compton data alone. (Listed
the largen mass and the smalhNN coupling [14].)  with the results in Table | are unbiased estimates of
A departure _0f677 from 36.6 would indicaf[e e}dditional the uncertainties [20]. These a{é)(_gf larger than the
components in3’(0,0), and thus new contributions from standard deviation which encompasses both statistical and
the low-energy spin structure of the proton. systematic scale uncertainties.)

The backward spin polarizability in (3) enters in the part “\we have examined the effect of including Compton
of the amplitude proportional to the target spinor, but in-gata up to 350 MeV, sinces production is still quite
terference WitMBom bl’lngS57T into the unp0|arlzed Cross small below this energy. However, since the polariza_

section. We have varied our additionsf parameter, to- pijlities enter only the real part of the Compton amplitude,
gether withA}®, in a fit to scattering data to determine the

Compton amplitudes. Theik — u = ¢ = 0 values then
give 5, anda N B for the proton. . TABLE I. The global result for the proton polarizabilities
We summarize here the key components in our analyirow 1), together with variations from using Eq. (5) as a

sis, deferring some details to a subsequent publicatiortonstraint and from expanding the fit to 350 MeV.
We have studied Compton scattering up to 350 MeV, and—_,

. : . i a+ B @ — B On
have u_s(_ed the procedyre desprlbed in [9] of S|multane(M7eV) (10~ fm?) (10~ fm?) (104 fm*)
ously fitting 77-production multipoles between 200 and " " "
350 MeV, minimizing y? for both (y, y) and(y, ) ob- ggg 13'12337})%%6 ig'}é . i';g %; . fg
servables. Outside the fitting interval we have taken the 350 1430 + 0.87 10.99 = 1.70 251 + 21

SM95 multipoles from [15]. We have used the same set
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which unitarity forces to zero at the peak of the; P value for §,. The effect of loweringeg — 8 to 1.7 is
A resonance, the additional 309—350 MeV data providesshown as dashed curves. If both — 8 and &, are
only marginal constraints on the polarizabilities. Thischanged to 1.7 and 36.6, respectively (the LEGS solution
expanded fit, row 3 in Table I, yields a slightly larger in Table Il, column 4), the predicted cross sections are
xa:(1.57) and extracted polarizabilities which overlap the very close to the solid curves. However, this degeneracy
global results of row 1. is absent in thel/2(doy — do ) spin difference, as

In Table Il we show the effect of the backward spin shown with the LEGS’97 data in the top panel of Fig. 1
polarizability on the value fow — g when each of the for E, = 287 MeV. This spin difference is sensitive to
Compton data sets used in the global fit is analyzedr — 8 but completely independent &f,. Although the
separately. The results in the third and fourth columndimited statistical accuracy of the polarization difference
assumesd, = 36.6. Column 3 uses SM95 multipoles precludes determining — S from this observable alone,
from [15] and @ + B = 14.2 from [18], while the it does provide a useful decoupling@f— 8 andé§,,.
column 4 fits use multipoles from [9] ard + 8 = 13.7 We have studied the variations in the extracted polariz-
from [19]. In both casesqg — B values deduced from abilities that result from changing the assumptions used to
the three high energy data sets (LEGS'97, Mainz’96 compute the Compton dispersion integrals, such asrthe
and SAL'93) are completely inconsistent with the lowerexchange coupling, multipion photoproduction, and the
energy measurements. Whe. is fixed to 26.5, the form of asymptotic contributions [8], particularly the new
fitted value from Table | (row 2), consistency among theterm added to45’, as well as the parametrization of the
@ — B values is restored (column 5). Significant changes
to @ — B occur mainly in the high-energy results, with
the notable exception of the MPI'92 data which were

taken at 180 where the effect of5, is maximal. In g:gjgif gﬁéé @
the backward unpolarized cross section, the square of the — -~ = 17,5271

amplitude in (3), the leading term containifg is [12,21]
—87mud(2 + 4k + k) 0%, (6)

wherek is the anomalous magnetic moment of the target
and uy is a nuclear magneton. Thus, the reductiord gf
from 37 to 27 raises the 18@ross section and improves
the consistency of the MPI'92 results. This provides the
missing correction anticipated in [12].

The sensitivity of the high-energy cross section$to i
is illustrated in Fig. 1. The solid curves show our global 260

172 (dG”- dcsl) (nb/sr)

result, with fitting uncertainties denoted by shaded bands. T 240\ / &

Curves denoted by plus signs use the efttdominated % 555k /’ S
g 200 //++

TABLE Il. Values fora — B8 deduced from different Comp- B 180+ kY /AL

ton data sets assuming the previom8-dominated value for = . o)\ S

8, (36.6) and the new fitted value from Table I, row&, = 160-;

26.5). Pion multipole solutions are listed in the top row, with I e LEGS9, :
the last column using the fit of Table I, row 2, which included Il o Mainz9 7 e
all of these Compton data. For the analyses of individual data P SAL'93 R
sets in the(6, = 36.6) columns, cross sections were held at _ L Y 4
their published values, while in the last column normalization 5 100 7 ety
scales were fixed from the Table | fit. ) C // ++'f-"
80 A T
(y,7) multipoles  SM95 [15] LEGS [9] Fitted g N 0 if *.-:'
8, (107 fm*) 36.6 36.6 26.5 3 60+ o 1
@+ B (107 fm?) 14.2 13.7 13.7 = SR :
Data set ~ EM& - B 40t o (230 Mev] 1
(MeV) (10™* fm?) I — — o o e
0 30 60 90 120 150 180
LEGS'97 309 -06=*05 17*+05 93=*07 6 (deg)
Mainz96 309 —13+34 —43=*30 84=*45 o
SAL'93 286 44 * 0.6 3806 114 =038 FIG. 1. Predictions from dispersion calculations at 230 and
SAL’95 145 103 +09 101 +09 115+ 1.0 287 MeV, compared to data from Refs.[6,9-11]. Solid
MPI'92 132 73 + 27 69 +27 125 + 3.1 curves are the global fit of Table I, row 1, with fitting
Moscow'75 110 82 + 27 85 -+127 117 + 28  uncertainties indicated by the shaded bands. Plus signs result
o1 70 111 +43 111 +43 12.1 = 43 from increasingd, and dashes from decreasiftg — B, as
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e LEGSY7 @ | observables at the high energies included in this disper-
o Mainz'%6 1 sion analysis, it should be able to reproduce the polar-
FN izabilities obtained by evaluating the fitted amplitudes at

+ s —u=1t=0. However, existingO(w?) calculations
] are close to ther’-dominated value and completely in-

300 consistent with our result fas,; [12,21]. Clearly, work is
% needed to extend these to higher order.
g BoT i We have also investigated the sensitivity of other ob-
? servables t& ;, and several beam-target double-polarized
2004 T . . _
P T e T faa s ] cross sections are expected to have 2 to 3 times the sensi-
0 3 60 90 120 150 180 tivity of unpolarized measurements. Such experiments are

O . (deg) expected in the near future. However, the prospects are

FIG. 2. The solid curve shows the fit of Table I, row 3, with particularly intriguing for the neutron since, in a LEX, the

uncertainties indicated by the shaded band. The dotted cur/gading terms irer and B are proporti(_)na! to _charge and
is the prediction from [11,22]. drop out [23]. As a result, the contribution in (6) enters

at the same order a8 and 8, so that the cross sections
should be noticeably affected by the neutron’s backward
fitted (y, =) amplitude [9]. Combining these model un- spin polarizability even at low energies.

certainties in quadrature leads to our final results: This work was supported by the U.S. Department of

8z = [27.1 = 22734 (mode)] x 10~ fm, Energy under Contract No. DE-AC02-76CHO0016, and

I . 4 es y the National Science Foundation. We are grc_';lte ul to
@ — B =[10.11 = 1.74Zy5c(mode)] X 107 fm”, Dr. A. L'vov, Dr. G. Matone, and Dr. B. Holstein for
@+ B =[1323 + 0.86f8‘ﬁg(modeb] % 1074 fm3 helpful discussions, and we thank Dr. A. L'vov for the

. . - use of his computer code.
where the first error combines stat syst uncertainties.
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