PHYSICAL REVIEW C VOLUME 54, NUMBER 6 DECEMBER 1996

Polarization observables in the processl+p—d+ X and electromagnetic form factors
of N—N* transitions
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We analyze the properties of the inclustv¢ p reactions, with particular interest in the domain of nucleonic
resonances excitation. The calculated cross section and polarization observables show that it is possible to
disentangle the different reaction mechanidmgr, 7 exchanggand bring new information about the electro-
magnetic form factors of the deuteron as well as of the nucleonic resonances excitation. Existing data on the
tensor analyzing power are in agreement with the predictions based onwiwechange model.
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PACS numbgs): 25.40.Ny, 25.10+s, 13.75.Cs, 14.20.Gk

I. INTRODUCTION d(a)+p—d(a)+X (2

The (elastic or inelasticelectromagnetic form factors of .
the nucleon contain important information about the micro-COUld be an effective method for the study of nucleon struc-

scopic structure oN andN*. As they are the most simple (0% FTEEEAEN B0 Bac oo o0 BER BETIRR £
dynamical characteristics of the nucleéor N*), they are

directly related with the wave functions df andN*. These tion mechan?sm. However we will show that polari;ation
form factors should help to understand the nature of the trangbse_rvables n p_rocesséjs p—d+X(d+N+ ) may bring
sition regime from thesoftphysics of the confinement region very interesting information.

to the hard physics of perturbative QCD. In general, the The simplest polarization observable for the processes

: : .~ d+p—d+ X, the tensor analyzing pow@&,, has been mea-
most suitable way to study thi€’ dependence of inelastic 20
form factors fory*y+NﬂN*ytransitior?s(wherey* is a vir- sured at Dubna and Sacldg]. The existing data on the

tual photon is to measure the different polarization observ—dlfferentlal cross sectiofg] for_ this r_eactlo_n show t_he pres-
ables for meson electroproduction processes like ence of at least two mechanisms in the intermediate-energy

region (2<E,;;<10 Ge\). One is the coherent excitation of

e +Noe +B+M 1) d with piqn productionFig. 1(a)], which results in a Deck
peak[4], in the energy spectrum of the scattered deuterons.
with B+M=N+m, N+7 A+ N+V, A+K,... The isotopic spin of this peak is=1/2, but the spin7 and

where a multipole analysis of the data is necessary in orddf'® Space parit> of the Deck peak may not have a unique
to disentangle the contributions of differeNt. Of course ~ Value. The Deck peak has to decrease when the energy of the
similar analysis are needed in some theoretical models, b&!ding part|cle*s increases, while the role of a second
previous work on multipole analysis of pion photoproductionMechanism, thél™ excitation, must become more important.

data has shown that, in principle, this problem can be solved NS results in &-channelexchange by mesonic statesg.
[1]. 1(b)], with 1=0 and with different": o,7,, ... . Thew

Due to the isospin nonconservation in a hadron electro€*change seems to be the best mechanism to describ& the
magnetic interaction, for the full reconstruction of the isoto-€XCitation: a spin-one exchange allows one to obtain very
pic structure of the transitions* +N—N* (1=1/2) it is specific pqlarlzatlon phenomena and an energy-independent
necessary to study reactiof® on proton and neutron tar- Cross section.
gets. This induces additional problems specific to deuteron
physics: the knowledge of the spin structure of the deu-
teron wave function, the meson-exchange currents, non- ¢ T d d(pg - d(ps)
nucleonic degrees of freedom, final-state interaction, relativ- - @ '
istic corrections, gauge invariance, etc. So, many : :
simplifications, which are typical for process€s due to |=1 ?ﬂ,p,“ =0 ?n,glw,m
their electromagnetic nature may be lost. In this respect : : .
hadron-induced reactions, in particular with isotopic spin- . @" X(p.)
zero projectiles like P o plpa)

*Permanent address: National Science Center KFTI 310108 FIG. 1. Possible mechanisms f# p—d-+ o+ N: (a) deuteron
Kharkov, Ukraine. excitation;(b) proton excitation.
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In the framework of this mechanism, it is possible to pre-case of the polarized beam or polarized target the effect of
dict all observables for the reactiah- p—d+ X in terms of  the polarization is contained in th dependence, Ed4).
deuteron electromagnetic form factors and isoscalar form For an unpolarized target the following tensor representa-
factors ofN—N* transitions. tion holds forW():

Experimentally the study of th&l* structure by a had-
ronic probe, in comparison with the electromagnetic interac- (5 _ s )
tion has the following advantages: large values of cros?V =\ ~Gus - Wi (tw )+ pszZVWZ (tw?),
sections; advanced technic of high-intensityd beams, po- (5)
larized targets and polarimeters; absence of a problem of
radiative corrections; natural selection of isoscéddrexci- ~ where M is the deuteron massp,=p,—kk-p,/k?,
tation; different relative role of contributions of the main k=p,—p,, andW{®, are the real structure functioiSF’s)
mechanismgin comparison with pion electroproductipras  for the inclusive procese+N— X. These SF’s contain the
an example, ireN collisions the Roper resonan¢BR) is  contributions of isoscalar transitions only. Information on the
hidden in the background of a strodg1238 excitation and  isotopic structure oN— N* transitions which is contained in
the extraction of the longitudinal form factor of the RR ex- the SF'sW{® and WY is complementary to that given by
citation is complicated due to the large contribution®f *p— X andy*n— X inclusive reactions: a photon does not
exchange. have a definite value of isospin, being a superposition of

In this paper we will derive the properties of the states withl =0 (isoscalar photonand| =1 (isovector pho-
d+p—d+X reaction in the framework ok (0,7) ex-  ton). This mixing results in the specific isotopic structure of
change, with special attention to the polarization observihe SF's. In order to analyze this structure it is more conve-

k

ables. nient to consider, instead W(f)z the amplitudes of forward
¥*N scattering, ¢* +N— y*+N), F(y*N), which are re-
Il. GENERAL STRUCTURE OF THE DIFFERENTIAL lated byW &,=Im F(y*N). As a result of the definite iso-
CROSS SECTION OFd+p—d+X topic structure of the hadron electromagnetic current, one
) » ) ) can write
The matrix elementM'?, corresponding to Fig.(b), can
be written in the following form: F(y*N)=F+F,,+Fq,, (6)
JT i
M@ = — t=(py—ps)? 3) where the signst correspond top and n targets and the
mf, ' ’ amplitudesF, F,, , andF, describe the following transi-
tions:
where the vectofand isoscalarcurrent7{¥ corresponds to
the wdd vertex andj(s) is the |soscalar current describing Fe=F(Y"N—¥*N), F,,=F(y*N—y*N),
the processw+d—X. Therefore the cross section can be
written as FSUZF(')’:N*)')/:N)

(d) (S)
W ZV dtdwzdi), (4) One can see from E¢6) that it is not possible to separate the
256m°sp’ (t—ms) Fs and F,, contributions, using only data about inclusive
v*p and y*n collisions, but, in the framework of the ex-
where change approximation, the nucleon excitation in E).al-
(@ _ 7@ 7 Ircgvsvs one to derermlne the amplitudig separately. In this _
w—Ju'Jy pect hadronic processes may be considered as the neces
sary and complementary tools to study the isotopic structure
of ¥*N interactions.
The situation with the tensa(?) is srmpler In order to

WS =254 f TS T* S(p,+po—ps—pa)dpy derive the spin structure of the curreﬁﬁ it is more con-
r X ey venient to use the Breit system, whéqg=0 and the three-

do=

and

with s=(p,+p,), P is the three-momentum of the initiel momentg of the initial~ and final deuteron are collinegy:

in the center of mase&ms), dpy is the element of the invari- _ _53: |2/21 t=K2=— K2, Quantities defined in this system
ant phase-space volume of the ¥ebf the undetected par-

. ; . will be noted with tildes.
ticles, ¢ is the azimuthal angle of the scattered deutenay), Taking into account th@ and P invariances of hadron
is the w mass,w is the invariant effective mass oX,

- X electromagnetic interactions one can derive the following ex-
w?=p3. Notation of the four-momenta of the particles are

(d) () pressions for the components of the deuteron electromag-
given in Fig. 1b). The overline on7,”7,”" , in the defi-  netic currents:

nition of WS’V), denotes the sum over the polarizations of the

final deuteron, the overline a@(Y 7$* in the definition of ~ ~ L.
W), denotes the sum over the polarizations of ¥@ar- JV=Vi(HkX[UXU3],
ticles and the average over the polarizations of the initial

proton. In the case of unpolarized particle collisions the cross

section does not depend on the azimuthal angle, but in the TP =Vo(t)U;- U3 +Vy(t)k-Uk- U3, (7)
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where Vy(t), V(t), and V,(t) are the real deuteron form scattering procesp(d,d)X is characterized by three inde-
s , P pendent variableg; w?, ands. The dependence of the cross

factors,k is a unit vector alond, U, (Uo) is the vector of  gection fromt andw? has a dynamical character and is de-

polarization of the initialfinal) deuteron. These form factors g¢yiped by the corresponding SF’s for thelw and wpX

are related to the standard electromagnetic deuteron forfjaptexes. But thes dependence is definite and simple:
factors, G (electrig, G, (magnetig, and G, (quadrupolg

by d’c  a(t,w?

dthV2 = 1287TZS§ [(S_SO)2+4m2M2p(t1W2)]i (11)

2
Vo=v1+7|Ge—3 an), Vi=V5Gnm,
where
7 t 1 AW (t,w?)
V,= —G+2l1- = )G} =——. — M2+ = (W24 m2— 2) = 2
2 \/m c 3 n q 7 4M2 So M +2(W +m t), a(t,w) m

12

The form factorsG., G,,, andG, determine the differ- (12

ential cross section of the elasta scattering: The linearity of the dependen¢®) of the double-differential

) 5 cross section ory? can be experimentally tested by a mea-
do _«a cos(6e/2) [A(1) +1g*(6:/2)B(1)] surement at three different energies of the initial deuteron
dQ  4EZsir?(6e/2) [1+2(Ee/M)Sif(6./2)]" (three different values o), at fixed values of andw?. This

linearity is a direct consequence of theexchange mecha-
where 6 is the electron scattering angle in the laboratorynjsm, and such a measurement would be an experimental test
systemE, is the energy of the electron beam, ahft) and  of the validity of thew-exchange mechanism, equivalent to

B(t) are the deuteron structure functions: the Rosenbluth fit for electron-hadron scattering. The linear
4 tg?(6./2) dependence of the differential cross section of the
B(t)= 3 n(1+ 7)G(1), e+A—e +X process is a result of one-photon exchange

(and theP invariance of electromagnetic interaction of had-
rons. Therefore, in this respect, th@ exchange for
d+p—d+X and the one-photon exchange for processes
e +A—e +X are equivalent. One can mention that the
Rosenbluth fit also allows one to separate the contributions
It is more convenient to rewrite the tens¥?) in terms of  of longitudinal and transversal photon polarizations to the

8 2
At =GE(t)+ 5 7°G(t)+ 3 nGR(D).

A(t) andB(t) which are the measured quantities: differential cross section of any process +A—e  +X.
Similarly, the study of they? linearity of the double-
W(d>:£ ( —g,,+ kMk,,) B(t)+ i Py, —k k- pl) differential cross section for processg$ p—d+ X will al-
wro 2 mroK? M2 | Fie Be g2 low one to separate two different combinations of SF's,
K-p a(t,w?) anda(t,w?)p(t,w?). One can see that at the limit
. 2
x| py,—k, %)A(t). @  s>Ww- [t], Eq.(9) becomes
_ _ _ d’c  a(t,w?)
Using Egs.(4), (5), and(8), one can obtain the following dtawe - 322 S— 0, (13
formula for the differential cross section dft p—d+ X: ™
2o A(t)W(ZS)(t,WZ) i.e., the differential cross section beconsemdependent, as

it is expected for @-channel exchange of a spin-one meson.
It is evident that in case of or o exchange the cross section
has to decrease with according to

dtaw? ~ 12entspAt-mg2 Y TPl

where
:_pl'pfl\:'pﬂ, %:“Z—\Q’Z). (14)
m
(W2—m2—1)2 These different prope_rtieg should help to sign experimentally
p(t,w?)= 3 R(t)| -1+ s —(1+ 7)R®(t,w?)  the w-exchange contribution.
4 % R(I)R(S)(t,wz), [lI. COLLINEAR PRODUCTION OF ROPER RESONANCE

We have derived the general structure of the inclusive
W (t,w?) 10 processp(d,d’)X in the framework of thew-exchange
W<25>(t,w2) - (19 mechanism. The results, summarized in &y, hold for any
kinematical condition, for any stat€, if only w exchange is
Herem is the proton mass. Thg? dependence of the differ- present.
ential cross section is a direct consequence of the spinsone Let us now consider a particular case, when
exchange in the channel In a general case the inclusive X=N*(1440), with7°=1", i.e., the Roper resonan¢BR)

R(t)=B(t)/A(t), R®(t,w?) =
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FIG. 2. One nucleon mechanism for backward deuteron scatter-
ing in the processl+p—d+N*.

Roper

excitation. This problem is very possib[6—9], as experi- -6 -
ments are under way in SATURNE and planned in CEBAF I
in the future. The problem of the selection of the RR contri- i
bution will be treated separately. Here we derive a general -s -
method for the analysis of this problem, in case of collinear i
kinematics for the reactiod+p—d-+N*, i.e., forward and i ot
backward scattering. The forward deuteron scattering is de- _,o L .1
termined by smal|t| mechanismglike w exchangg and it ) 5

is well adapted to the study qgi—N* excitation. On the I S S ST
other hand, the backwardp inelastic scattering is deter- w (GeV)
mined by the small values of the four-momentum transferred

from the initial proton to the scattered deuteron, FIG. 3. Physical region fod+p—d+X at E,,=2.3 GeV and
u:(pz—pg)z. Another mechanism is important in these ki- p+d—p+X at Ey;,=3 GeV (the maximum available Saturne en-
nematical conditions, the one-nucleon excharigey. 2). ergies in thet-w plane. The region of the Roper resonance with its
Like elastic backwardip scattering, this mechanism is sen- width is shown and it is constant in

sitive to theNN* component of the deuteron wave function.

Applying the conservation of the total sp@mojectionfor Summing over the polarizations of the produced particles
the collinear processes, five independent transitions are afnd averaging over the polarizations of the protons, we ob-
lowed in d+p—d+N*. The general spin structure of the tain the following expression for the square of the matrix
collinear amplitude can be described by element:

_t T -z s
M(dp—dN*)=x;F ., | M|2=X U1 U% +X,k-Uq|?,

T Tk e B e e kg o Xy=[f1]?+ ot fal?+[f5+1s[%,
F:|f1U1‘U2+|f2k'Ulk'U2+f30"U1XU2+f4O"kUl
Xo=—|fq2+|f 1+ 52— [f3+ 1,

whereAlZ is the unit vector along the deuteron momentym Therefore, the differential cross section and the tensor
(x,) is the two-component spinor of the initial protgpro- ~ 2nalyzing powerT», are
ducedN*) andf;, i=1-5, are the scalar amplitudes, which do VIX
are complex functions df only. — =3X, 4 Xy, Too= — oo (17)
For a fixedm* (mass ofN*) the value oft is determined dQ 3X1+X;

only by the energy of the initial-deuteron. But in a real ex- . . .
periment the energy spectrum of the scattered deuterons co-|:—he interference of the amplitudds and f results in the

responds to different values ¢fand w? and for collinear Lg?g#?rl:tgnbitr\]'v%?:;izzoe%ng;ﬁ‘i’s(igzlar'zat'on of the final deu-
kinematics there is a definite correspondence betvwesrd P

w2=m*? (Fig. 3. VX,
The spin structurg(15) results from P invariance for 20=— -, X5=X,+16 Ref5fz . (18
strong interactions, in collinear kinematics, where the reac- X1+ X;

tion takes place in a three-momentum directioanly. This
formula has been derived using the spins and paritied of
andN*, it applies then to any mechanism of the considered
process, all the information on the deuteron structure and the The general parametrization of the collinear amplitude is
N* properties being contained in the amplitudes very convenient for the description of possillechannel
Let us express the polarization observables for the procesontributions and it will be applied here to the scatgr
d+p—d+N*, in terms of the scalar amplitudels, Eq.  pseudoscalar, and vectoro mesons. We will perform the
(15). calculations in the Breit system, whekg=0, so the space

IV. t-CHANNEL CONTRIBUTIONS
TO THE AMPLITUDES OF d+p—d+N*
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FIG. 4. Impulse approximation for thedd vertex.

part of the conserved vector current must be transversal. FIG. 5. Vector dominance model for the deuteron form factors.

(1) cexchange. Thddo vertex can be described, in the
general case, in terms of two independent form factors witl
the following spin structures:

here v, is the constant of theyw transition, f{®™(t)
f’(t)] is the corresponding electromagne(strong form

factor.
.. A~ La . The spin structure of the other vertexNN* can be pa-
go(tH)U;-U, and ga(t)k-U k-U3 . rametrized as follows:
Using the evident structure of thp+o—N* vertex: Jo=ige() X2X1
g,,x;)(l, whereg,(t) is the corresponding form factor, one
can obtain = i
T=09m(t) x20 X Kx1, (20)
Jo9s 929+ . . . .
fi= ~, f,=——>s, f3=f,=f5=0. where the electridlongitudina), ge(t), and the magnetic
t=m; t=mj, (transversal g,(t), form factors are proportional to the isos-

_ calar form factors of thé\* electroexcitation:
The tensor analyzing power becomes

! (p) (n)
20o(t) +ga(1) Gem(D) =5 [Fem(D)+Tem(D)],

T20= ~v20(1) 3|gol*+192°+2909," 19

(p) and () denote the proton and neutron transition form
The surprising result contained in this formula is that it isfactors.
possible to induce tensor analyzing power even in the case of The following formulas hold for the scalar amplitudes in
o exchanggspin-0 particlg, taking into account high-order the framework of thaw exchange:
effects(interaction with derivatives

In the framework of the impulse approximatidRig. 4) Vo0e(t) Voge(t)
the form factorg,(t) is proportional to the quadrupole form f1= t—m2 ' 2T i m
factor of the deuteron. ¢ ¢
(2) n exchange. In this case thid#n vertex is charac- Vign(t)
: : : S fa=—fy=—r f5=0. 21
terized by a single spin structurg,(t)k-U,x U3 , and us- 8 4 t—mf) » 1s=0 @D
. . t-> | .
ing the NN* 7 vertex in the formy,d-ky,, one can obtain A girect consequence is that, in this particular case
for the collinear kinematics the following expressions for thet, =t Taking into account that,+f,=0, one obtains a
scalar amplitudes; : simpler expression fof ,, [in comparison with Eq(17)]:
g1(1)g,(t) |£1]%+|f4]?
fi=f,=f3=15=0, fy=—->—. 2| —1+ 1 3
TR e, Toom V2 T S T P Al

This spin structure results M,,=1/2, positive andt inde-  The lower limit for this observableT ,,=—v2, corresponds
pendent. The form factay,(t) of thedd» vertex is propor- to f,=f;=0, f,#0, but the upper limitT,,=v2 is not
tional to the magnetic form factor of the deuteron in theachievable in the case af exchange. Iff,=0, then for any
impulse approximation. amplitudesf; and f;#0 this model predicts only negative

(3) w exchange. The spin structure of the vertestd,  values forT,,. It may be positive in the case é§=0, and
Eq. (7), coincides with the corresponding structure for the|f,+f,|?<|f,|?, and its maximum allowed value is
y*dd vertex. The vector dominance model suggests a simpl&,,=1#/2 whenf,;=—f, andf;=0.

relation between the form factors of theld and y*dd in- Using Egs.(21) for the amplituded;, T,, can be written
teractions(Fig. 5): in terms of the electromagnetic form factors as
e fe(t) VZ+(2VV,+ V3)r(t)
emipy— Too=—V2 22
e 2y, t—m2’ 20 AVZ+ (3VZ+V2+ 2V V)1 ()’ 22
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where the ratia (t) =g5(t)/g7(t) characterizes the relative
role of longitudinal and transversal excitation ¢t . = T

This formula can be easily generalized for the excitation
of any nucleonic resonandg¢* (in the framework ofw ex-
change as follows:

-0.2 :
A%(t)
[AZ () +A5(1D]’

whereA,,, andA,, are two possible transversal form factors ~ -96 |-
of the procesy/§ +N—N*, & is the isoscalar virtual pho-

23 oul

r(t)y=

ton andAg(t) is the scalafelectric longitudingl form factor -0.8
[7]. i
Moreover Eq.(22) is valid for any inclusive process -1
d+p—d+X, with I J.
-1.2

F(t)—r (t,w?) =W/ (W) + W),

| AN

3 =5~ W),

(Wz_m2_k2)2 T S

Wag =~ W +| 1- — o (W (W), a(fm™)

; _ IO FIG. 6. Experimental data oif,, for e +d—e +d (solid
In the simplest case =N+, the SFSW17; can be starg, d+p—d+X at incident momenta of 5.5 Ge¥/(open

calculated in the framework of any model for the process . -
©+N— N+, in the resonance energy region. circles and 4.5 GeM (open squarésas a function ofj=\/Jt[. The

. e predictions of thav-exchange model are reported for different val-
\_Nhenr(t)>0 or if th_e contribution of the deuteron mag- ues of the form factors ratio: r =0 (dashed ling r=0.01 (dash-
netic form factorV,(t) is neglected, thef,, does not de- dotted ling, r=0.1 (solid line), r =0.5 (dotted line.

pend on the ratiag (t), and coincides with,, for the elastic
ed scatteringwith the same approximationin another lim-

g retical curves(corresponding to different values o) are
iting case,r(t)—0, from Eq.(22) we have ( P d '

crossing in two points, aj=2 andq=>5 fm ! (q= \/m), due
1 to a particular cancellation between the form factors combi-
o= — ——=—0.35, nations: V, and 2/5+V,, in the numerator of Eq(22).
2v2 Therefore the positions of these points are sensitive to the
theoretical models used for the calculation of the deuteron
i.e., Ty is negative and independent. This situation applies electromagnetic form factors.

to the RR according to some theoretical modés]. All Our calculation shows a dependence rorin the range
these examples show that this observable is especially seng=0.5 especially in the region of the minimuig=3 fm™?)
tive to the properties of the vertex+N—X. and in the point wherél,, changes sigrq=5 fm?! for

r=0.1-0.5 andq=6 fm~* for r=0.01). The data are more

V. COMPARISON WITH EXISTING DATA consistent with the value=0.1, in the simplified version of

. . o the w-exchange model with &independent ratio.

In Fig. 6 we report the theoretical predictions together The results show clearly that this observable in the
with the existing experimental data,, for p(d,d)X [2] for 41 5.4+ X reaction is mostly characteristic of the proper-
different momenta of the incident beam is shown as opeRieg of theddw vertex, but it depends also on the properties
symbols. These data show a scaling as a functidnwfth & f the wpX vertex and can give additional important infor-

small dependence on the incident momentum. mation about the electromagnetic form factors of the nucle-
On the same plot the data for the elastic scattering processhic resonance excitation.

e +d—e +d [10] are shown(solid star$. All these data

show a very similar behavior: negative values, with a mini-

mum in the regior{t|=0.35 Ge\? and they increase toward V1. COEFFICIENTS OFqPOLA'?ZAT'ON TRANSFER

zero at largett|. The lines are the result of the-exchange IN d+p—d+X

model for thed+p—d+ X process, Eq(22), for different

values of the ratia, assumed constant. . 2 ialal ) .
The deuteron form factor§,G,,G,,, have been taken coefficientsky (k3a ) (With a=x,y, or 2) from initial to

from [11], a calculation based on relativistic impulse ap-final deuterons, fod+p—d+ X, in the framework ofr and

proximation, and they reproduce well tig, data fored exchanges.

elastic scattering10]. In the case ofr exchange these coefficients depend only
The dashed line corresponds to=0, where our from the ratiory(t)=g,(t)/go(t) of the form factors of the

model predicts a constant value of this observable in theldo vertex. For the nonzer@iagona) coefficients the fol-

d+ p—d+ X, which is not consistent with the data. All theo- lowing expressions hold:

Let us calculate the vectdtensoi transfer polarization
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FIG. 7. Vector polarization transfer coefficidqf as a function
of q=\/t[, for d+p—d+X and different values of the form fac-
tors ratior: r=0 (dashed ling r=0.01 (dash-dotted ling r=0.1
(solid line), r =0.5 (dotted ling.
3(1+rg) s 3
z Nl

2(3+2rgt+rg)
(24)

K =k =,
YU T 2(3+ 2rgtr))

where thez axis is along the three-momentum transtetn
this case the observablbg/ contain the same information as
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The largest sensitivity to is in the regiomq=3 fm ! and the
position of zero crossing is strongtydependent.

A tensor polarized deuteron beam can produce only tensor
polarization of the scattered deuteron:

N ry! VL 'x! V(Z)r(t)
KEX =YY =KX Y =Ky X =

o TRy Ty TR T2 BV V2 2VVo)r (1)
(28
s VR (Vo V)P (1) 29

2 AV (BVEHVEH2VeVo)r (1)

2 2

e i Mk A LA I

CAVI+(3VE+Va+2VVo)r(t)

The vector to tensaand tensor to vectppolarization trans-
fer coefficients are zero, in the considered approximation.

VII. CONCLUSIONS

We have shown that the-exchange mechanism in exclu-
sive and inclusive dp interactions, d+p—d+ N+,
d+p—d+X allows one to extract interesting information
about the properties of isoscalar nucleon excitation. This
constitutes essential and complementary information to the
results which can be obtained framp anden interactions in
the region of the excitation of nucleon resonances.

The main problem in the hadron-induced reaction is the
understanding of the reaction mechanism. We suggest here a
model-independent way to test experimentally the validity of
the w-exchange mechanism: the linearity of the double-
differential inclusive cross section in the varialyte for the
processd+ p—d+ X. The azimuthal asymmetry in exclu-
sive processes liked+p—d+N+7 and in particular the

T,0, EQ. (19). Moreover these observables are connected byolarization observables should also help in identifying the

the following relation:

7/

TZO_ z

V2

kY')=0.
2v2( v)

(29

In the case of arw-exchange approximation, using the
corresponding parametrization of tledd vertex, one can
find the following formulas for the nonzero vector polariza-
tion transfer coefficients:

;.3 VZ+(VoVo+ V3)r(t)
ky :ki == 2 2 Vi y (26)
y 2 4Vi+ (3V3+V5+2VoVyo)r(t)
, 3 V24 V2r (t
ki 1 0 ( ) (27)

T2 A2+ (VI VEF 2V (D)

For r=0 we obtain simplyki’zk{zk?z 3=0.375: all co-
efficients are positive antlindependent. As in the case of
T, the ratior (t) contains all the information about the prop-

erties of wp— X vertexes. From Fig. 7, one can see that

k{ has a strongy andr dependence. The point where all
lines for differentr are crossing is duéas for T, to a
special combination o, andV, [see the numerator of Eq.

(26)]. At g=0, k§'=1/2, for any value of, asV,=V,=0.

w-exchange mechanism.

The reaction mechanism which corresponds atoex-
change is especially important to determine the isoscalar
structure of N* excitation. The electroproduction experi-
ments on neutron and proton targets will not allow to deter-
mine completely the isotopic structure of th@l interaction,
as the isoscalar information is missing. Moreover the use of
a deuteron target implies the knowledge of specific proper-
ties of the deuteron. In this respect the electromagnetic inter-
action does not look preferable compared to hadron probes.

Of course, a realistic model to describe processes
d+p—d+ X has to include, in addition ta exchange, the
contribution of» and o exchanges; the excitation of all reso-
nances(with mutual interference which can contribute in
the mass region of interest; contribution of nonresonant
background; effects of a strong interaction in the initial and
final states; contribution of deuteron excitati@eck mecha-
nism). All these contributions have a complicated spin
structure, producing strong interference effects with large po-
larization phenomena.

The best way to study th&l* structure with hadronic
probes seems to be the diffractive excitation of proton in
high-energypp collisions. A smallt-diffractive production.
p+p—X+p (Fig. 8 can be described in terms of Pomeron
exchange, with a large cross section, hondecreasing with en-
ergy: the contribution of the diffractive dissociation is about
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P N background similar to the Deck mechanism which is the
------ > main background fod+p—d+ X at intermediate energies.
"""""" One can mention that the process of diffractive excitation
(or diffractive dissociation unifies the high-energy physics
P of the specifict-channel exchangg.e., Pomeron exchange
with the low energies, i.e., the resonance physics of the pro-
cessesP+p—N+a. The properties of this subprocess can
P P be calculated with good accuracy in the framework of the
models which are currently used for the pion electroproduc-
FIG. 8. Pomeron exchange for the diffractive dissociation of thetion. Their main ingredients are the contributions of different
proton in the procesp+p—p+m+N. N* excitations in thes channel and some background. The
presence of the isoscalar part of the correspondingN*

. . : form factors makes the diffractive dissociation of proton a
20% of the total cross section for thEp interaction. The " .
> very sensitive tool for the test of different models W

henomenological photon-Pomeron analogy has describe ) . "
Fs)uccessfully rgany Sroperties of high-energ%/yhadronic inter_scfructure and of the mechanisms of its electroexcitation.
actions: elastic processes and diffractive inelastic processes
[12,13. Therefore the subprocesd+p— N+ has to be ACKNOWLEDGMENTS
similar to the process* +N— N+ and even simpler as the We wish to thank F. lachello for very stimulating discus-
isotopic spin ofP is equal to zero. So the Pomeron exchangesions on the physics of baryon resonances, M. @GarE. A.
behaves as an isotopic spin separator to sign the isoscal8trokovsky, and J. S. Real for providing us with data in a
contributions. Moreover at large valuesénd small values tabulated form. One of the authaid.P.R) is very indebted
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