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Bloom-Gilman duality in the resonance spin structure functions
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We investigate the relations between the spin structure functions in the scaling and resonance regions. We
examine the possible duality between the two, and draw inferences for the behavior of the asyAnsgtry
largex. Finally, we point out the importance of additional polarized structure function data in the resonance
region for observing lingering effects of single quark interactions in a region where final state interactions are
large.[S0556-282(98)03521-§
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I. INTRODUCTION 1 .
Woas= G 2 (2 8%(a+p=p0)

Duality, in the sense of the Bloom-Gilman dualjti], is a . .
relation between the deep inelastic scattering region and the X(Pslj u(0)IX)(XI],(0)[ps)
resonance region in lepton hadron scattering. It states that the 1 i
smooth scaling curve seen at high momentum transfer is an =—0,, W+ WP#DVWZJF m—fﬂqu
accurate average over the resonance bumps seen at lower N N
momentum transfer, but at the same value of the Bjorken 1
scaling variablex. The Bloom-Gilman duality is a manifes- X|87G1t —7 (p-as”=s:qp") G|, @
tation of the fact that the single quark reaction rate deter- N
mines the scale of the reaction rate for the entire procesgheres is the spin vector of the nucleon target and satisfies
down to remarkably low energies and momentum transferss.p=0 and s?=—1, p is the momentum of the target
In the resonance region, final state interactions are cruciagiucleon, andg is the momentum of the incoming virtual
and all quarks must be involved in the reaction. Neverthephoton. Often, the structure functions are replaced by
less, the overall reaction rate is still determined by the single
guark reaction rate—provided we average over regions com- vWo=F,, myW;=F,,
parable to the widths of the resonances. So far, these inclu-
sive or exclusive connections have been seen to work for the
measured 2,3] unpolarized structure functionl,4]. Pre- vG1=0y, m—NG2=92 (2
cious little experimental information is available for the role
of duality for the polarized structure functions, although ef-where it is expected thaF; and g; depend just onx
forts in this direction are beginning to bear fr{]. =Q?2myr (WhereQ?=—q?) in the scaling region, up to
Here we investigate the relevance and consequences ffgarithmic corrections.
duality for the polarized structure functions. We shall show The exclusive process+p—e+R, whereR stands for
that perturbative QCOPQCD arguments lead to an inclu- the final baryon, a resonance or the nucléonthe case of
sive or exclusive relationship in the polarized case akin tcelastic scattering is described by the helicity amplitudes
that in the unpolarized one. Also, we shall discuss perturba-
tive expectations for resonance contributions in the high Go———
limit of the polarization asymmetry. Finally, we note inter- m o 2my
esting features of the present data and point out what can be
learned from additional polarized structure function data inThe photon polarization vectors are
the resonance region at high@?.

V2

(RN =m—3]™ j#(0)INX=3). (3

e=(0,%1,—i,0/v2,

IIl. DEFINITIONS, KINEMATICS, AND RELATIONS 1 .
0= 6(|q|,0,0,V), 4

We begin with some definitions and kinematic relations.
For deep inelastic scatteringg+p—e+ X, the structure with g=(»,0,0/q|).
functionsW, andG; are defined by Note that the helicity of the final baryon is
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1 1 Ir/2m peak 1
3 for G+, S(W2—m3)~ S ,
ZmR (W_ mR) +FR/4 WmRFR
®
—5 for Go, with T' being the width of the resonance.
3 ll. SCALING PROPERTIES OF G. o AND G;,
— = for G_. (5) . . .
2 Let us now discuss the scaling properties ®f , and

01,. The resonance contributions to the structure functions
Thus if the final baryon has spin 1/@,. must be absent. For fall with increasing Q?> and also move to progressively
elastic scattering, the helicity amplitudes are related to wellhigherx, approachingc=1. They thus may be described as

known form factors by falling with x, at a certain rate. We wish to determine if the
falloff rate is the same as that in the deep inelastic region as
Q x—1, but at much highe®?. This is already known to be
G,= mN‘/jGM! true for the spin independent structure functions, and the

phenomenon is known as Bloom-Gilman duality. Hence,
we will concentrate our attention on the spin dependent
structure functions.

The counting rule§6] give the following behavior at high
Q? for the helicity amplitudesmodulo logarithms[4]:

my G.=0.,/Q% Gy=(my)ge/Q%
|A1/2,3/21=e‘\/m|6+,—| o o TvEe

G_=(my)’g-/Q>, ©)

whereg .. o are constants, real in leading Born order, and the
mass factors are put in purely for dimensional reasons. This
allows us to find the behavior due to the resonancg,cét

GO:GE' (6)

For the non-elastic case, one often uses the amplitudes

wheree is the proton charge.
For a single sharp resonanBethe relations between the
structure functions and the helicity amplitudes are

Fi=m2a(W2—md)[|G.|2+|G_|2], the resonance peak and at high to be
2 2 2 2
my 9 m g
2 _ N + N + 3
v = —= (1—x)°. (10
1+ 52 F=myr8(W2—m3) N Tmel Q° mmel'g (mE—m2)°
X[|G[2+2|Gol2+|G_|2], The second result requires
Q? = (1-x @D
A2 W2_ 2 ~— o (l=X
(1+ 7)gl=mﬁ,b‘(W2—m2R) Q% W'-my x  mg—my
for x—1 andW=~mg. Similarly,
X[1G.|?—|G_|? ,
M A e~ 1) 12
+(—1)5r"12 Qv2 G*G v mmglg (Mz—my)° 9+ 9+ V2 o)
(-1) R, GoG+|s (12
) for high Q2. It is interesting to note that the high? reso-
(1+ 92_)92: — m2 8(W2—m32) nance contributions to the polarized structure functions can
v N R be inferred from unpolarized structure function measure-

ments, sincey, andg, are the transverse and longitudinal
2 contributions that are individually obtained from a Rosen-
bluth separation. Ifj, is small, as seems to be indicated,
then there must be a relation between the transverse and
(7) longitudinal resonance form factors, viz.,

V29, ~ nr(—1)%R" g, (13)
whereW?= (p+q)?, the total hadronic mass squared, apd
and z are the spin and parity of the resonance. The delta In the deep inelastic region, the spin structure functen
function for the sharp resonance can be most simply approxis related to the quark distributions in a manner similaF {o
mated by except for one sign,

X

2-1G

_ _1 SR—l/Z V_‘/QG*G
( ) 7R Q oY+

094029-2



BLOOM-GILMAN DUALITY IN THE RESONANCE SPNN . ..
1 2 2 2
0:=5 2 €a;(x.Q)—a,(x.Q)],

1
Fi=3 2 efla;(x@)+q(xQ)]. (14

Theq, , are the quark distributions for quark helicities par-
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allel or antiparallel to the parent nucleon polarization. Per-

turbative QCD dictates thaf; dominate asx— 1 [8]. If so,

FIG. 1. Thes, t, andu channel Born terms for electroproduc-

thex— 1 behavior will be the same for both functions. Even tion of pion-nucleon final states.

if PQCD did not work for thex— 1 limit, it would require a
remarkable cancellation to make the higlbehavior differ-
ent forF, andg;. Since the behavior df; is well known,
we can conclude

lim gy(x)*(1—x)3 (15

x—1

(modulo perturbative evolution effec{8]) in the deep in-

elastic region. This is the same as the contribution from th
resonance region. One part of the duality between the res

nance and deep inelastic regions is thus established.

It is less clear what the deep inelastic result should be fo
0,. There is no unique parton model formula for it. How-

ever, accepting the Wandzura-Wilczek relat[dg]

1 gy(x))
0"0=-gu0+ [ 2 g
X
leads to the result that
lim g5""(x) = —gs(x)(1—x)°. (17)

Xx—1

Thus if this is the dominant piece at high the scaling part
of the duality is established fay, also.
IV. REMARKS ON THE BEHAVIOR OF A; OR g;

Now we shall further examine the—1 behavior ofg,
or of the photon asymmetr#; :

2
g Q g
1~ =202
_ 01270312 4 (18)
1= = :
o1t o3 Fiq

where the cross sections are for photon absorption with ini-
tial state spin projections of 1/2 and 3/2. For a resonance,

o _|GP-l6 ]2 9
TG 1Z1ic 12
LG P+G|

For the elastic pointx=1, there is only the nucleon and
G_=0 so that rigorously

Aj(x=1)=1. (20

only backgrounds under a given resonance are due to tails of
other resonances, then the same rule still applies:

Q2~>oo

if only a resonant background(21)

However, if the non-resonant background is dominated by
Born termg11], we can gefA;—1 anyway. In the resonance
egion thet-channel andu-channel diagramgsee Fig. 1
1\ave propagators that suppress their contributions at high
Q?, leaving ans-channel diagram which has only,.
FPurer as an aside, a dominatitchannel Born term is
needed for certain measurements of the pion form factor, and
this can indeed happen even at high, but only if the final
hadronic state is well outside the resonance regiblote
that the isospin of the resonance plays no role in the above
considerations.

The x—1 behavior ofA; in the scaling region can be
obtained from the ratio of the two equatiofis}). We quote
the results for PQCD, where the—1 results for the polar-
ized quark distributions are mentioned above: for(§U
where no distinction is made between the distributions of
differently polarized quarks and for a number of modern sug-
gestions for the polarized quark distributigri®?]. One has

1 PQCD or Soffer and co-workefsl?],

5
5 Sue),

x=1 0.75 GS, version B[12]

0.66 GRSV (“standard” NLO) [12]
(22)

The last two are given at their respective benchrm@fk

V. PRESENT DATA AND CONCLUSIONS

Let us look at the present relevant data on the polarized
structure functions in the resonance region. There is a pau-
city of such data. The SLAC measurements, from the E143
Collaboration recently5] (and from earlier data with larger
error bars[13]), do cover W?<5 Ge\? at Q°~0.5 and
1.2 Ge\. TheseQ? are still too low for a duality test, since
duality is not working at thes@®? in the spin-independent
case[1,4]. Nevertheless, it is useful to discuss the data that
exist.

For a single resonance of spin 1/2, the same is true. Even In the first resonance region, th&(1232 itself gives
for spin 3/2 and higher resonances, the scaling rules tell usearly all the signal at very lowQ? in the unpolarized case

that|G,|>|G_| at highQ?, so thatA;—1 asx—1. If the

and may be expected to do the same in the polarized case.
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Further, at lowQ?, A electroproduction is dominated by the
magnetic dipole amplitudgl4,15,18, which leads tdG _|
~v3|G,| and

For polarized structure functions, in contrast to the unpo-
larized case, duality must break down spectacularly at low
enoughQ? [20]. The argument goes by considering the Ellis-
Jaffe integral21], written as

® dV 2mNFp
f 79127, (24)

Ai(Alow Q%)~-—1/2. (23

Abeet al.[7] find for Q2~0.5 Ge\* and in theA region that
Ai;~—1/3, in qualitative agreement with our expectation.
However, forQ?~1.2 Ge\?, the measured value df; is  With I'P approximately constant at high?, and comparing it
consistent with zergalbeit also consistent with 1/2 ata 2  to the Drell-Hearn-Gerasimov sum rJi22], which may be
level). Since there is evidence that the M1 dominance is stilMritten in the form

valid for the resonance itself, thfg, result must be due to the
background and resonance giving approximately canceling
contributions. This suggests a violation of the strict construc-
tion of Bloom-Gilman duality, since th®? dependences of

Yo

2

de (1, Q2=0)=— 5 P 25
Vo;zgl(V,Q = )__Z_mN' (25)

) Above, k,, is the anomalous magnetic moment of the proton,
the resonance and background do not match. How@kis g v, is given by the pion production threshold. The quan-
still low. _ tity I',, is measured to be positive @ of several GeV (see,

It is remlnlscent Qf the unpolarized case, Wherg forahe ¢or example[5]). If g, were on the average the same at very
Bloom-Gilman duality works(above a few Ge¥ in the |ow Q2 as it is at highQ?, then the right hand side of the
sense of the resonance region average matching the scalipgell-Hearn-Gerasimov sum rule would be positive—and it
curve, and does so without having the resonance to cors clearly not.
tinuum ratio be constant, but rather because of an interplay We have shown that polarization structure function data
between resonance and continush As one falls, the other  in the resonance region at high®f are interesting and can
rises, relative to the scaling curve, and the sum stays abotiirow significant new light on the issue of duality. Facilities
the same. So as in the unpolarized case, the sum over chasuch as Jefferson Lab, SLAC, and HERMES can all contrib-
nels allows matching the scaling curve at I@%, perhaps so ute over a significant range 6§ andW. The idea that the
in the polarized case the sum over channels will show th&ingle quark cross section sets the scale on the average even
perturbative polarization prediction at a low&” when a in the resonance region gets a new field of exploration in the
single channel will not. polarized structure function. Unlike the unpolarized case,

For the second resonance region, the predictionApr ©One expects its breakdown at sufficiently 16@f. Finding
involves theS,;(1535) andD,4(1520), as well as the non- t_hls breakc_iown w_|II S|gna_l the onset of a region where the
resonant background. At very lo®?, the largest resonant f!nal stat(-;- interactions obliterate even a remnant of perturba-
amplitude is thes), for exciting theD,5[17], the next larg-  tve physics.
est is theA,,, for the S;; [18], andA,, for the D43 is quite
small. However, the resonances soon reconcile themselves to
the highQ? expectations; as for thB,3, the Ay, and Az, We thank R. M. Davidson, Keith Griffioen, and P. Stoler
change relative size in the vicinity of 1 G&Y19]. Hence, for useful comments, and members of the Jefferson Lab Hall
considering the resonant contributions alone, we expect A Collaboration for stimulating discussions. C.E.C. thanks
to be negative at lowQ? and become positive before the NSF for support under grant PHY-9600415 and N.C.M.
1 Ge\2. The available dat§5] show A, to be positive at is grateful to the U.S. Department of Energy for its support
both 0.5 and 1.2 Ge¥/ through grant DE-FG02-88ER40448.
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