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Sensitivity of tensor analyzing power in the processl+p—d+ X to the longitudinal isoscalar
form factor of the Roper resonance electroexcitation
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The tensor analyzing power of the processp—d+ X, for forward deuteron scattering in the momentum
interval 3.7 to 9 GeW, is studied in the framework ab exchange in an algebraic collective model for the
electroexcitation of nucleon resonances. We point out a special sensitivity of the tensor analyzing power to the
isoscalar longitudinal form factor of the Roper resonance excitation. The main argument is that the
S14(1535), D45(1520), andS;1(1650) resonances have only isovector longitudinal form factors. It is the
longitudinal form factor of the Roper excitation, which plays an important role int thiependence of the
tensor analyzing power. We discuss possible evidence of swelling of hadrons with increasing excitation
energy.[S0556-28189)01303-3

PACS numbgs): 25.40.Ny, 25.10+s, 13.40.Gp, 14.20.Gk

[. INTRODUCTION tors of electromagnetitN— N* transitions. We show that
hadronic probes of nucleon structure, in particular, using po-
In a previous papdrl] it was shown that the polarization larized particles, may give interesting and important infor-
observables in inclusive scattering of high-energy deuteronmation concerning form factors &f* excitations. The selec-
by protons at zero scattering angle, are sensitive to the ratitivity of reactions such ap(d,d’)X or p(a,a’)X to the
isoscalar part of th&* electroexcitation makes these pro-
r=o lor, cesses complementary to electron-nucleon inelastic scatter-
ing, for the study of thé\* structure. Note that in the frame-
where o and o are the cross sections of absorption ofwork of the w-exchange model[1], all polarization
virtual isoscalar photons with longitudinal and transversalphenomena fod+p—d+ X can be predicted without any
polarizations by nucleons. In the framework of thefree parameters, using only existing information about the
w-exchange mechanism for the considered reaction, it wageuteron electromagnetic form factors and about the ratio
found that this sensitivity is especially large in the region of  This paper is organized as follows. In Sec. Il we give the
N* excitations with masses 41.6 GeV, forr<0.5. This dependence of the tensor analyzing poiigy andr in the
interval is especially interesting when compared with themodel[1]. Formulas for transverse and longitudinal ampli-
data obtained by inclusiveN scattering. This sensitivity is tudes of the algebraic collective modé-4] are recalled in
due, in particular, to the properties of the deuteron electroSec. I1I. Results and discussions are presented in Sec. IV and
magnetic form factors. In Refl] a simplified assumption the conclusions are drawn in Sec. V.
was used, namely, the ratiowas taken to be a free param-
eter independent of the four momentum transfer square
— 2. The value that best fitted the data was0.1. It is then
interesting to compare this value with that of a realistic We will analyze here the polarization phenomena in the
model for the nucleon resonances electroexcitation. In thiprocesdd+p—d+ X, for forward deuteron scattering, in the
work we present the results of the analysis of polarizatiorframework of the model1] based onw exchangeFig. 1).
phenomena id+p—d+X, using the predictions of the The w meson is preferred, among the isoscalar mesons as
model[2-4] for thet dependence of the isoscalar form fac- or %, for several reasons. TheNN coupling is large; theo
meson, being a spin 1 particle, can induce strong polarization
effects and an energy-independent cross section. When con-

II. t DEPENDENCE OF T,q AND r

*Electronic address: etomasi@cea.fr sidered as amsoscalar photonthen the cross sections and
"Permanent address: National Science Center KFTI, 31010¢he polarization observables can be calculated from the
Kharkov, Ukraine. known electromagnetic properties of the deuteron Biig

0556-2813/99/5)/15268)/$15.00 PRC 59 1526 ©1999 The American Physical Society



PRC 59 SENSITIVITY OF TENSOR ANALYZING POWERN . .. 1527

dlpy) d(ps) ;!
1 . 3 %
; 0.9 a
\=Of77,c7,cu, o8 L
g X(p)
—P—@—P— Pa 0.7 F
p(p2) i
06 F

FIG. 1. t-channel meson exchange fo#p—d+ X.

) ) 05k
through the vector dominance model. These special proper r
ties of thew exchange mechanism allow an experimental test 4 C
of the validity of this model, similar to the Rosenbluth test of f
the one-photon mechanism, in the case of elastic and inelas 0.3 |
tic electron-hadron scattering. The details of the model are r
described in Ref[1]. We will recall here only the final ex- 02 F
pressions, necessary for the present analysis. .
The tensor analyzing power o+ p—d+ X, T,g, can be

written in terms of the electromagnetic form factors as

5 6
) ) q(fm™)
Vi+(2VoV+Vo)r

AV2+(3VE+V2+2VVy)r

Ta=—\2

1) FIG. 2. The ratior for the case when only the Roper excitation
is considereddotted ling and for the case when all four resonances
(6) are consideredsolid line) from Eq. (3).

where V(t), V4(t), and V,(t) are related to the standard

electromagnetic deuteron form factoG.(t) (electrig,

Gp(t) (magnetig, andG(t) (quadrupole by Z oLi(H)Bi(W)C
r—r(tW)= , @

2 i((H)B{(W)C;

V0:\1+T GC_§TGq s Vl: \/;Gm' 2 O-T,I( ) I( ) i

where B;(W) is a Breit-Wigner function for the
T 1 ) } ith N*-resonance with a definite normalization:
V,= —Ge+2|1- = 7|Gg|,
2 V1+7l ¢ 3 .
cr1=f dW B(W), ®)
and 7= —t/4M?2, whereM is the deuteron mass. The ratio M+My

r characterizes the relative role of longitudinal and transver- ) ) )
sal isoscalar excitations in the transitiont N—X. In the M is the nucleon massf ; is the pion mass, anw/ is the
case of the Roper excitation we can write effective invariant mass of th& system ind+p—d+X

(i.e., the mass of the resonancéet us mention that for

forward deuteron scattering i+ p—d+ X the variables
. |AP+AT? 5 andW are not independent, for a fixed energy of the incom-
- |AD+ A2 @ ing deuteron there is a definite correspondence betvard

W [1]. The following observations, based on Efj), can be
N AN s o made. All information about theNN* vertex is contained
whereAJ” (Ay)) is the longitudinaktransversalform factor i the functionr only. T, is especially sensitive to the small
of the P;,(1440) excitation on protonN=p) or neutron  yajye ofr(t,W) in the interval G<r=<0.5. A zero value of
(N=n) targets. This formula can be generalized to the exciyegylts in at-independent value foif,y, namely, Too=

lr

tation of any nucleon resonandé' as follows: —1/y/8, for any value of the deuteron electromagnetic form
factors. The position of the points aj=1.85 and g
|AP+ A2 =5 fm~! (with g=+/—t), at which all theoretical curves for
s ()= =o()/o1(t), (3)  differentr intersect, is determined by the models used for the

p n (2 p n2
ALzt AL+ [ABt A3 deuteron form factors. In Fig. 2 we show théependence of

r, calculated on the basis of E(), for two different cases:
where AY,, and A}, are the two possible transversal form (i) considering the contribution of only the Roper resonance
factors, corresponding to tota* + N helicity equal to 1/2 (dotted ling, (i) considering the sum of the contributions of

and 3/2, respectively. the following resonances:
In the case of overlapping resonances, taking into account
the finite values of the resonance widths, E8) can be P11(1440, S;4(15395, D;5(1520, S;4(1650),

generalized to (6)
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which are overlapping in this mass regi@olid line). The The calculations reported below are performed in the
form factors of theN* excitations on proton and neutron Breit frame for which

targets were derived using an algebraic collective model ) 95

[2,3], some details of which will be discussed in the next e 4 (W*=M?) ©
section. This will then allow to understand the behavior of 2(W2+M2) -t

the ratior as shown in Fig. 2.

From Eq.(9), one can see thdt depends not only oy but

Ill. ALGEBRAIC COLLECTIVE MODEL on W too.
_The formulas for transverse and longitudinal helicity am- IV. RESULTS AND DISCUSSION
plitudes used in the present work, are based on the collective _ . o .
string model of baryonf2—4], assuming SU(6) symmetry. In Fig. 3 we report the theoretical predictions, using Eq.

In this model the nucleon resonances are interpreted in term$), together with the existing experimental data. In such an
of rotations and vibrations of a Y-shaped string configurationr@Pproximation,T,, is a universal function of only, without

with a prescribed distribution of charges and magnetizationany dependence on the initial deuteron momentum. The ex-
The underlying algebraic structure of the model enables @erimental values of , for p(d,d)X [5,6], for different mo-
derivation of closed expressions for masses, electromagnetinenta of the incident beam are shown as open symbols.
and strong couplings of baryon resonances. Electromagnetithese data show a scaling as a functiort,ofvith a small
transverse and longitudinal form factors on proton and neueependence on the incident momentum in the interval 3.7
tron targets for nucleon resonances below 2 GeV are showr 9 GeV/c. On the same plot the data for the elastic scat-
in Tables | and Il as a function of the photon momentkm tering procese™ +d—e +d [7] are shown(filled stars.

The parameters relevant to these observables are the comH these data show a very similar behavior: negative values,
stituent mass m=0.336 GeV, magnetic momentu  with a minimum in the regiorjt|=0.35 Ge\* and an in-
=0.127 GeV'* (g-factorg=1), and a scale parameter of crease towards zero at largef. The lines are the result of
the distributiona=0.232 fm. The state of the resonance isthe w-exchange model calculation for tider p—d+ X pro-
recalled in Table Il only. cess. The dashed-dotted line correspond=d, i.e., toT,

As seen from Table II, of the four resonances mentioned= —1/,/8 as mentioned previously. Calculations based on
in Eq. (6), only the Roper resonance has a nonzero isoscalahe algebraic collective modéR,3] are shown for the case
longitudinal form factor. All other three resonances cannotyhen only the Roper resonance is considef@atted ling
be excited by isoscalar longitudinal virtual photons. Theand for the case when all the four resonan@sre consid-
isoscalar longitudinal amplitudes of S;3(1535) and ered (solid line. The required deuteron form factors
D13(1520) vanish because of spin-flavor symmetry, whileG,, G,, G,, were taken from Ref8] (calculated in a rela-
both isoscalar and isovector longitudinal couplings oftivistic impulse approximationand they reproduce well the
S$11(1650), D15(1675), andD;5(1700) vanish identically. T, data fored elastic scattering7]. Whenr>0 or if the
This behavior of the isoscalar form factors is essential for theontribution of the deuteron magnetic form facky is ne-
correct description of the existing experimental data ontthe glected, therT,, does not depend on the ratipand coin-
dependence of 5, for the processl+p—d+X. cides witht,, for the elasticed scattering(with the same

The longitudinal isoscalarAs=AP+A[") form factor of  approximation.
the Roper resonance in the collective-string model of Refs. From Fig. 3 it appears that thebehavior of T, is very

[2,3] is, apart from an overall constant sensitive to the value df, at relatively smalr, r<0.5. The
values ofr, predicted by the collective mod€2,3] give a
4ka(1-2k’a?) good description of the data, when taking into account the
82(14“(—282)4 (7)  contribution of all four resonance®). These data, in any

case, exclude a very small valuergf r <0.1 as well as very

. L large values of. Such sensitivity off ;o for d+p—d+ X to

— 2

This form factor has a zero &=1/2a This is also the e’ ratig of the corresponding isoscalar form factors of the
zero ofr seen in Fig. 2. The location of the zero depends or\* aycitation clearly indicates the presence of the Roper

the value ofa, which in turn characterizes the size of the ogonance in this process. Such an indication was hardly
string configuration. An accurate determination of the locatq,nq in the differential cross section for inclusive scattering
tion of the zero for the transition form factor_ from the | .h unpolarized particlego].

dependence ol 5, could therefore provide an independent |, ihe framework of theo-exchange mechanism, electro-
measure of the transition radius of the Roper resonance. Iﬁ'wagnetic isovector components of tie— N* trar,13ition

particular, it could shed some light on the question whetheg, ot contribute. This is important as the other resonances

or not hadrons svx_/ell w_|th_ increasing excitation energy. Thqn this mass regiorS;(1535), D,4(1520), andS;;(1650)

Iattgr can b.e studied within _the collectlvg-str!ng mok& B are essentially isovector in the collective moggB] (as well

by introducing the stretchability of the strigvia the ansatz as in other quark modelsso the isoscalar longitudinal form
factors forN—N* are identically zero for any value df

1+§W_M) @) The ratior contains(in the numeratgrthe contribution of
only the Roper resonance. It is this specific property of the
Roper resonancécombined with thet dependence of the

with ag=0.232 fm. deuteron form factojgthat induces the specifidbehavior of

a=ay
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TABLE I. Transverse protonAP) and neutron A7) helicity amplitudes ¢=1/2,3/2) of nucleon reso-
nances below 2 GeV in the collective modél3]. Z(x) = — 1/(1+x?)2+ 3/2x3H(x) with H(x)=arctanx
—x/(14+x3).x, and x, are parametergs].

Resonance v AP Al
2,2 2,2
N(1440Py; 1/ s \/; . 2ka 4 \/E (2K
X (1+K2a2)3 3% V" (1 Kk2a2)3
T 1 mkoa T 1 mkia 1
N(1520)D13 1/2 2i\ﬁ —_— —k?a } —2i \f _ ——kza}
/ ko' (1+k2a?)?| 9 ko' (1+k2a??| 9 3
T 1 mkya T mkya
2i 3\/: —_— —2i 3\ﬁ _—
32 V3 ko' (1+k%a?? 9 V3 ko' (1+k2a2)2 g
1 mkya 1 mkia 1
N(1535)S;; 1/12 +k2a| i + =k%
2 ko (1+k2a?)2| 9 V2 ko (1+k%a??2 g 3

2 | ka
N(1650)Sy; 1/ 0 '\[5\/;0“ KTk

_ \f ka
—-i—= k———=
32 0 J5 VKo (14K2a?)2
1 2 T
N(1680 _ \/E moa o |1 __\ﬁ KZ(k
( Fis 172 V3 kou{z g K?a | —~Z(ka) NG k- (ka)
T mkya 1
_ _ il 0
312 26 g kalka
1 /2 |=o ka
@Toops 12 : EN N
( D13 zV5 ko'uk(l-i-kzaz)z

32 0 i\ﬁ\/z,u,kL
5 VKo (1+k%a?)?
2k2a? 2k?a?
N(1710)P 1/2 2 \/E - \[ \/7
" BN ey 32 V" (1412a2)?

mk,a 1 2 |m
N(1720P13 1/ —ﬁ\/kzu STkO+k2a g Z(ka) 2\[5\[k—ouk2(ka)
0
T mkpa 1
32 V6 g kalka 0

the isoscalar ratio and of the analyzing powér,, as shown tion of these points. Fay<6 fm™!, T,,cannot be positive.
in Figs. 2 and 3, repectively. Using the generalized formula, E(), thet behavior of

In this connection, we mention that the-exchange the ratior(t,W) depends on the initial deuteron momentum.
model predicts the general features of the polarization obFrom Fig. 4 one can see that, in the interval-3% GeV/c
servables. For example, the crossing of all the theoreticahis dependence is not so large, in agreement with experi-
curves forT,, at two points, is determined by the relative mental data. This is also true for the momentum dependence
value of the deuteron electromagnetic form factors. For anyf T,, (Fig. 5). The agreement between theoretical predic-
model of r we will have T,s<—1/\/8 in the region 2<q tions and experimental data is generally good, at leasty for
<5 fm 1. Future data from Jefferson L4h0], concerning <2 fm™ 1.
Tooin € +d—e” +d will help in defining the exact posi- Of course, this model fod+ p—d+p can be improved,
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TABLE II. Longitudinal proton @AP) and neutron A") helicity amplitudes of nucleon resonances below
2 GeV in the collective moddR,3]. Notation as in Table I.

PRC 59

Resonance State AP Al
2,2
N(1440)P; 28,,456,0"]1.0:0 \ﬁ mkoa 4ka(1-2k’a%)
1.0 2Xl kOILL g (1+k2a2)4 0
2,2
N(1520D15  %8sd 70,1 Jiogus e 1= 3K A=A
©9 A R R o
2,2
N(1535)S;, 28,470,1 Ji001 . ™ mka 1-3k%a Al=— AP
“ NNy ey .
N(1650)S;; 481470,1 1001 0 0
N(1675)D 5 4854 70,1 1001 0 0
4ka
N(1680 28,156,200, _ m mhka 4ka 3 0
( Fis sid 0,0;0 V3 kolu g | (1FrK)? kaZ(ka)
N(1700)D 5 483470,1 1001 0 0
_ 2,2
N(1710)Py; 28,470,0 J0.9:0 _ﬁxz\/kfﬂmgoa 4k(zi(ik22|§)il) Al=—AP
0
mkoa] 4ka 3
N(1720)P 28,456,2 100: Z _ > 0
13 3 0.9;0 V2 g | LTK)? S Z(ka)
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FIG. 3. Experimental data fof,, for e +d—e™ +d elastic
scatteringfilled starg [7] andd+ p—d+ X at incident momenta of
3.75 GeVt (open diamonds [5], 5.5 GeVt (open circleg
4.5 GeVk (open squargs9 GeVic (open triangles[6]. Predic-
tion of the w-exchange model far=0 (dashed-dotted lineCalcu-
lations withr using collective form factor§Tables |, I) are shown
for the case when only the Roper resonance is considei@ted
line) and for the case when all the four resonan@sare consid-
ered(solid line).

FIG. 4. g dependence of =g /o for excitation of only the
Roper resonancéashed ling for excitation of all resonance®)
with (solid line) and without(dotted ling width effects, for differ-
ent deuteron momentapy: (@ pg=3.7 GeVk, (b) pg
=45 GeVk, (c) p4=5.5 GeVk, (d) pg=9 GeVrc.
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(a)

(b)

-0.8} — 02f /

(d)

4 4 6
q(fm™) q(fm™)

FIG. 5. q dependence df 5, for different deuteron momenta :
(& pg=3.7 GeVk, (b) pg=4.5 GeVk, (c) pg=5.5 GeVk, (d)
pq=9 GeVic.

q(fm™)

FIG. 6. q dependence of=¢ /o for £=0.5 (same notations
as in Fig. 4.

o observables are nonzero and large in absolute value. This is
taking into account for example, other meson exchanges, ain intrinsic property ofw exchange. In contrast, all-odd
the effects of the strong interaction Iin initial and final States.po|arizati0n effects cancel, because we neg|ected the effects
However, these corrections are strongly model and parametef strong interaction in initial and final states. However, for
dependent; the existing experimental data are not googollinear kinematics, all spin-orig-odd polarization observ-
enough to constrain the additional parameters which have tgbles must be zero, in any model. The most sinipledd
be added. In this case we lose the predictive power of oupolarization observable, which exists in the general case for

“parameter free” model. The successful description of the
polarization observabld,, can be considered as a strong , 3

indication that thev exchange is the main mechanism for the QJ
considered process. ©25¢
We analyzed also the sensitivity to a possible stretching -
mechanisn{3], leading to the swelling of hadrons with in-
creasing excitation energy. We use the parametrization o
Eq. (8) for the scale parametex with £=0.5 andé=1 (the
last value is consistent with the analysis of the experimental
mass spectra, Regge trajectoyiekhe results are reported in
Figs. 6 and 7 for (t,W) and Figs. 8 and 9 foff,,, for the
different values of initial deuteron momentum. The behavior

(a)

(b)

of r(t,W) is seen to be very sensitive £ Introduction of
swelling gives a more negative slopeTg, in better agree-
ment with experiment although the position of the minimum
at p4=3.7 and 9 GeW is still shifted to higherg values
compared to that measured by the data.

Similar results can be obtained for other polarization ob- -5
servables. In Fig. 10 we show thelependence of the vector

polarization transfer coefficient{{ , from the initial to the

scattered deuteron. It is characterized by a strong sensitivity 0.5 7 -~

to the ratior for g=3 fm~. This observable is especially

interesting in this region, because, vanishes aroundj OO
=5 fm~! (for any value ofr). Our calculations predict
quite a large absolute value of this observable and a strong
dependence on the variakle

Let us note in this connection, that, @{even polarization in Fig. 4).

4

q(fm™)

4 6
q(fm™)

FIG. 7. q dependence af= o /o for ¢£=1 (same notations as



FIG. 8. q dependence of ,, for £€=0.5 (same notations as in

Fig. 5.
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»»0.6
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0.4 F

o 1 2 3 4 5 8
q(fm™)

FIG. 10. Vector polarization transfer coefficiemg' as a func-
tion of g, for d+ p—d+ X. Prediction of thav-exchange model for
r=0 (dashed-dotted line Calculations using the collective form
factors(Tables I, I) are shown for the case when only the Roper
resonance is considerédotted ling and for the case when all the

the collinear kinematics, corresponds to the correlation coefryr resonancets) are consideredsolid line).

ficient u-PxQ, Q.=QapUp, Where u is the unit vector

along the initial three-momentun® is the proton polariza- servable, is less sensitive to the effects of strong interaction
tion, andQ,y, is the deuteron tensor polarization. A measure-in initial and final states, as these effects induce “quadratic
ment of these observables will give a direct information oncorrections” to anyT-even polarization observable. We can
the presence and intensity of the final or initial strong inter-schematically writeP(*)= pg+)(1+ 8%), whereP(*) is any

action. The tensor analyzing pow&s,, being aT-even ob-

0.2
S

0
-0.2

-0.4

FIG. 9. g dependence o, for £&=1 (same notations as in

Fig. 5.

6

q(fm™)

T-even polarization observable addrepresents the correc-
tion due to rescattering effects. Arfyodd polarization ob-
servableP(™) is directly proportional tos.

V. CONCLUSIONS

We have shown the sensitivity of the tensor analyzing
power in the processl+p—d+ X (for forward deuteron
scattering to the relative value of the cross sections for the
absorption of virtual isoscalar photony/{+N—N*) with
longitudinal and transversal polarizations. The main point is
that only the Roper resonance excitation is characterized by a
nonzero isoscalar longitudinal form factor, whddgehavior
drives thet dependence of the tensor analyzing power. The
other resonances, lying in this mass region, such as
S$,1(1535), D 15(1520), andS;1(1650) are characterized, due
to the specific quark structure, by a pure isovector nature of
longitudinal virtual photons absorbed by nucleons. Without
excitation of the Roper resonance 0 and the value foll 5q
becomes independentT,,=—1/2y/2, in evident disagree-
ment with existing data. The specific behaviorrasbtained
in the framework of the collective modg2,3] for the Roper
resonance, and in the presence of other resonances, with a
definite isotopic structure, are very important for obtaining a
good description of the data. In the framework of the
exchange mechanism, thidehavior ofT,q for the reaction

p(&,d’)x, is affected, on one side, from the specifide-
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pendence of all three deuteron electromagnetic form factorglectron-nucleon scatterirgf + N—e™ +N*. The possibil-

and on the other side, from the valuesrofvhen all four ity to unify in a common picture such different processes, as
overlapping resonanceR,;(1440), S;,(1535), D,5(1520), e +d—e” +dande” +N—e™ +N*, from one side, and a
and S,;,(1650) contribute. The main property is the role of hadronic process ad+p—d+ X from another side, sug-
the Roper resonance excitation, with nonzero longitudinapests a new perspective to study nucleon structure through

isoscalar form factor. electromagnetic and hadron excitation of nucleonic reso-
Also to be noticed is that the sensitivity df,g to r is ~ nances. ' o . _
especially large for in the intervalr<0.5, which is in At large energies of colliding particles, instead of

agreement with the data on inclusied scattering at these w-exchange it is necessary to consider PomerBh €x-
values of excitation energy. Our model predicts a small mochange, i.e., the mechanism of diffractive excitatiorNdf,
mentum dependence far,,, consistent with the experimen- in dp-forward scattering. Concerning polarization phenom-
tal data. The results are also stable with respect to the pararana, the properties @ andP are similar. But in the general
eter &, the stretchability of the nucleon string, in the rangecase, the vertexes @NN* andPdd interactions are differ-
£=0.5-1. ent fromwNN* andwdd vertexes: only in the framework of
The study of polarization observables in the reactibn the hypothesis abou®omeron-photon analogyhe predic-
+p—d+X can be considered as an additional method tdion of these models coincide, at least concerning polariza-
measure theé dependence of the ratio Moreover, the pro- tion phenomena.
cessp(d,d’) X is sensitive to the isoscalar contributiongto

The vector polarization transfer coefficieKl;/ is also sensi-
tive to this ratio, in a different region df This work was supported in part by DGAPA-UNAM un-

We can consider the existing data ab®yg not only as an  der Project No. IN101997R.B.), by Grant No. 94-00059
evidence for the Roper resonance excitation, but also as feom the United States-Israel Binational Science Foundation
tool to study properties of isoscalar form factors for the ex-(BSP, Jerusalem, Isra¢A.L.) and by U. S. DOE Grant No.
citation of N* resonances, complementary to the inelasticDE-FG02-91ER40608F.1.).
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