
PHYSICAL REVIEW C DECEMBER 1996VOLUME 54, NUMBER 6
Polarization observables in the processd1p˜d1X and electromagnetic form factors
of N˜N* transitions
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We analyze the properties of the inclusived1p 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 mechanisms~v,s,h exchange! and 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 on thev-exchange model.
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I. INTRODUCTION

The ~elastic or inelastic! electromagnetic form factors o
the nucleon contain important information about the mic
scopic structure ofN andN* . As they are the most simpl
dynamical characteristics of the nucleon~or N* !, they are
directly related with the wave functions ofN andN* . These
form factors should help to understand the nature of the t
sition regime from thesoftphysics of the confinement regio
to the hard physics of perturbative QCD. In general, th
most suitable way to study thek2 dependence of inelasti
form factors forg*1N→N* transitions~whereg* is a vir-
tual photon! is to measure the different polarization obse
ables for meson electroproduction processes like

e21N→e21B1M ~1!

with B1M5N1p, N1h, D1p, N1V, L1K, . . .
where a multipole analysis of the data is necessary in o
to disentangle the contributions of differentN* . Of course
similar analysis are needed in some theoretical models,
previous work on multipole analysis of pion photoproducti
data has shown that, in principle, this problem can be sol
@1#.

Due to the isospin nonconservation in a hadron elec
magnetic interaction, for the full reconstruction of the iso
pic structure of the transitionsg*1N→N* (I51/2) it is
necessary to study reactions~1! on proton and neutron tar
gets. This induces additional problems specific to deute
physics: the knowledge of the spin structure of the d
teron wave function, the meson-exchange currents, n
nucleonic degrees of freedom, final-state interaction, rela
istic corrections, gauge invariance, etc. So, ma
simplifications, which are typical for processes~1! due to
their electromagnetic nature may be lost. In this resp
hadron-induced reactions, in particular with isotopic sp
zero projectiles like

*Permanent address: National Science Center KFTI 310
Kharkov, Ukraine.
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d~a!1p→d~a!1X ~2!

could be an effective method for the study of nucleon str
ture, complementary toeN reactions. The main problem as
sociated with these reactions is the identification of the re
tion mechanism. However we will show that polarizatio
observables in processesd1p→d1X(d1N1p) may bring
very interesting information.

The simplest polarization observable for the proces
d1p→d1X, the tensor analyzing powerT20, has been mea
sured at Dubna and Saclay@2#. The existing data on the
differential cross section@3# for this reaction show the pres
ence of at least two mechanisms in the intermediate-ene
region ~2<Ekin<10 GeV!. One is the coherent excitation o
d with pion production@Fig. 1~a!#, which results in a Deck
peak@4#, in the energy spectrum of the scattered deutero
The isotopic spin of this peak isI51/2, but the spinJ and
the space parityP of the Deck peak may not have a uniqu
value. The Deck peak has to decrease when the energy o
colliding particles increases, while the role of a seco
mechanism, theN* excitation, must become more importan
This results in at-channelexchange by mesonic states@Fig.
1~b!#, with I50 and with differentJP: s,h,v, . . . . Thev
exchange seems to be the best mechanism to describe thN*
excitation: a spin-one exchange allows one to obtain v
specific polarization phenomena and an energy-indepen
cross section.

8 FIG. 1. Possible mechanisms ford1p→d1p1N: ~a! deuteron
excitation;~b! proton excitation.
3125 © 1996 The American Physical Society



re

r

ac
os

in

x-

e

rv

g
be

-
-

re

h

tia
os
t

t of

ta-

he

y
ot
of

of
ve-

-
ne

e
e

eces-
ture

ex-
ag-

3126 54M. P. REKALO AND E. TOMASI-GUSTAFSSON
In the framework of this mechanism, it is possible to p
dict all observables for the reactiond1p→d1X in terms of
deuteron electromagnetic form factors and isoscalar fo
factors ofN→N* transitions.

Experimentally the study of theN* structure by a had-
ronic probe, in comparison with the electromagnetic inter
tion has the following advantages: large values of cr
sections; advanced technic of high-intensitydW , pW beams, po-
larized targets and polarimeters; absence of a problem
radiative corrections; natural selection of isoscalarN* exci-
tation; different relative role of contributions of the ma
mechanisms~in comparison with pion electroproduction!: as
an example, ineN collisions the Roper resonance~RR! is
hidden in the background of a strongD~1238! excitation and
the extraction of the longitudinal form factor of the RR e
citation is complicated due to the large contribution ofp
exchange.

In this paper we will derive the properties of th
d1p→d1X reaction in the framework ofv ~s,h! ex-
change, with special attention to the polarization obse
ables.

II. GENERAL STRUCTURE OF THE DIFFERENTIAL
CROSS SECTION OFd1p˜d1X

The matrix elementM~v!, corresponding to Fig. 1~b!, can
be written in the following form:

M~v!52
Jm

~d!Jm
~s!

t2mv
2 , t5~p12p3!

2, ~3!

where the vector~and isoscalar! currentJm
(d) corresponds to

the vdd vertex andJm
(s) is the isoscalar current describin

the processv1d→X. Therefore the cross section can
written as

ds5
W mn

~d!W mn
~s!

256p3spW 2
dtdw2df

~ t2mv
2 !2

, ~4!

where

W mn
~d!5J m

~d!J n
~d!*

and

W mn
~s!5~2p!4(

X
E J m

~s!J n
~s!* d~p11p22p32p4!dpX

with s5(p11p2)
2, pW is the three-momentum of the initiald

in the center of mass~cms!, dpX is the element of the invari
ant phase-space volume of the setX of the undetected par
ticles,f is the azimuthal angle of the scattered deuteron,mv
is the v mass,w is the invariant effective mass ofX,
w25p 4

2. Notation of the four-momenta of the particles a
given in Fig. 1~b!. The overline onJ m

(d)J n
(d)* , in the defi-

nition ofWmn
(d), denotes the sum over the polarizations of t

final deuteron, the overline onJ m
(s)J n

(s)* in the definition of
Wmn

(s) , denotes the sum over the polarizations of theX par-
ticles and the average over the polarizations of the ini
proton. In the case of unpolarized particle collisions the cr
section does not depend on the azimuthal angle, but in
-
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case of the polarized beam or polarized target the effec
the polarization is contained in thef dependence, Eq.~4!.

For an unpolarized target the following tensor represen
tion holds forWmn

(s) :

W mn
~s!5S 2gmn1

kmkn

k2 DW1
~s!~ t,w2!1

1

M2 p2mp2nW2
~s!~ t,w2!,

~5!

where M is the deuteron mass,p̄25p22kk•p2 /k
2,

k5p12p3 , andW1,2
(s) are the real structure functions~SF’s!

for the inclusive processv1N→X. These SF’s contain the
contributions of isoscalar transitions only. Information on t
isotopic structure ofN→N* transitions which is contained in
the SF’sW1

(s) andW2
(s) is complementary to that given b

g* p→X andg* n→X inclusive reactions: a photon does n
have a definite value of isospin, being a superposition
states withI50 ~isoscalar photon! and I51 ~isovector pho-
ton!. This mixing results in the specific isotopic structure
the SF’s. In order to analyze this structure it is more con
nient to consider, instead ofW1,2

(s) , the amplitudes of forward
g*N scattering, (g*1N→g*1N), F(g*N), which are re-
lated byW1,2

(s) 5Im F(g*N). As a result of the definite iso
topic structure of the hadron electromagnetic current, o
can write

F~g*N!5Fss1Fvv6Fsv , ~6!

where the signs6 correspond top and n targets and the
amplitudesFss, Fvv , andFsv describe the following transi-
tions:

Fss5F~gs*N→gs*N!, Fvv5F~gv*N→gv*N!,

Fsv5F~gs*N→gv*N!.

One can see from Eq.~6! that it is not possible to separate th
Fss and Fvv contributions, using only data about inclusiv
g*p andg*n collisions, but, in the framework of thev ex-
change approximation, the nucleon excitation in Eq.~2! al-
lows one to determine the amplitudeFss separately. In this
respect hadronic processes may be considered as the n
sary and complementary tools to study the isotopic struc
of g*N interactions.

The situation with the tensorWmn
(d) is simpler. In order to

derive the spin structure of the currentJm
(d) it is more con-

venient to use the Breit system, wherek̃050 and the three-

momenta of the initial and final deuteron are collinear:pW̃ 1

52pW̃ 35kW̃ /2, t5k252kW̃2. Quantities defined in this system
will be noted with tildes.

Taking into account theT and P invariances of hadron
electromagnetic interactions one can derive the following
pressions for the components of the deuteron electrom
netic currents:

JW̃ ~d!5V1~ t !kŴ3@UW 3UW 2* #,

J̃0
~d!5V0~ t !U

W
1•U

W
2*1V2~ t !kŴ•U

W
1kŴ•U

W
2* , ~7!
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54 3127POLARIZATION OBSERVABLES IN THE PROCESS . . .
whereV0(t), V1(t), andV2(t) are the real deuteron form

factors,kŴ is a unit vector alongkW̃ , UW 1 (U
W
2) is the vector of

polarization of the initial~final! deuteron. These form factor
are related to the standard electromagnetic deuteron f
factors,Gc ~electric!, Gm ~magnetic!, andGq ~quadrupole!
by

V05A11h SGc2
2

3
hGqD , V15AhGm ,

V25
h

A11h
F2Gc12S 12

1

3
h DGqG , h52

t

4M2 .

The form factorsGc , Gm , andGq determine the differ-
ential cross section of the elasticed scattering:

ds

dV
5

a2cos2~ue/2!

4Ee
2sin2~ue/2!

@A~ t !1tg2~ue/2!B~ t !#

@112~Ee /M !sin2~ue/2!#
,

where ue is the electron scattering angle in the laborato
system,Ee is the energy of the electron beam, andA(t) and
B(t) are the deuteron structure functions:

B~ t !5
4

3
h~11h!Gm

2 ~ t !,

A~ t !5Gc
2~ t !1

8

9
h2Gq

2~ t !1
2

3
hGm

2 ~ t !.

It is more convenient to rewrite the tensorWmn
(d) in terms of

A(t) andB(t) which are the measured quantities:

W mn
~d!5

1

2 S 2gmn1
kmkn

k2 DB~ t !1
1

M2 S p1m2km

k•p1
k2 D

3S p1n2kn

k•p1
k2 DA~ t !. ~8!

Using Eqs.~4!, ~5!, and~8!, one can obtain the following
formula for the differential cross section ofd1p→d1X:

d2s

dtdw2
5

A~ t !W2
~s!~ t,w2!

128p2sp2~ t2mv
2 !2

@y21r~ t,w2!#, ~9!

where

y5
p1•p22k•p2/2

mM
,

r~ t,w2!5 1
2 R~ t !F211

~w22m22t !2

4m2t G2~11h!R~s!~ t,w2!

1 3
2 R~ t !R~s!~ t,w2!,

R~ t !5B~ t !/A~ t !, R~s!~ t,w2!5
W1

~s!~ t,w2!

W2
~s!~ t,w2!

. ~10!

Herem is the proton mass. They2 dependence of the differ
ential cross section is a direct consequence of the spin-ov
exchange in thet channel. In a general case the inclusiv
m

scattering processp(d,d)X is characterized by three inde
pendent variables:t, w2, ands. The dependence of the cros
section fromt andw2 has a dynamical character and is d
scribed by the corresponding SF’s for theddv and vpX
vertexes. But thes dependence is definite and simple:

d2s

dtdw2
5

a~ t,w2!

128p2spW 2
@~s2s0!

214m2M2r~ t,w2!#, ~11!

where

s05M21
1

2
~w21m22t !, a~ t,w2!5

A~ t !W2
~s!~ t,w2!

4m2M2~ t2mv
2 !2

.

~12!

The linearity of the dependence~9! of the double-differential
cross section ony2 can be experimentally tested by a me
surement at three different energies of the initial deute
~three different values ofs!, at fixed values oft andw2. This
linearity is a direct consequence of thev-exchange mecha
nism, and such a measurement would be an experimenta
of the validity of thev-exchange mechanism, equivalent
the Rosenbluth fit for electron-hadron scattering. The lin
tg2(ue/2) dependence of the differential cross section of
e1A→e21X process is a result of one-photon exchan
~and theP invariance of electromagnetic interaction of ha
rons!. Therefore, in this respect, thev exchange for
d1p→d1X and the one-photon exchange for proces
e21A→e21X are equivalent. One can mention that t
Rosenbluth fit also allows one to separate the contributi
of longitudinal and transversal photon polarizations to
differential cross section of any processe21A→e21X.
Similarly, the study of they2 linearity of the double-
differential cross section for processesd1p→d1X will al-
low one to separate two different combinations of SF
a(t,w2) anda(t,w2)r(t,w2). One can see that at the lim
s@w2, utu, Eq. ~9! becomes

d2s

dtdw2
5
a~ t,w2!

32p2 , s→`, ~13!

i.e., the differential cross section becomess independent, as
it is expected for at-channel exchange of a spin-one meso
It is evident that in case ofh or s exchange the cross sectio
has to decrease withs according to

d2s

dtdw2
5
f ~ t,w2!

s2
. ~14!

These different properties should help to sign experiment
thev-exchange contribution.

III. COLLINEAR PRODUCTION OF ROPER RESONANCE

We have derived the general structure of the inclus
processp(d,d8)X in the framework of thev-exchange
mechanism. The results, summarized in Eq.~9!, hold for any
kinematical condition, for any stateX, if only v exchange is
present.

Let us now consider a particular case, wh
X5N* (1440), withJP51

2
1, i.e., the Roper resonance~RR!
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3128 54M. P. REKALO AND E. TOMASI-GUSTAFSSON
excitation. This problem is very possible@5–9#, as experi-
ments are under way in SATURNE and planned in CEB
in the future. The problem of the selection of the RR con
bution will be treated separately. Here we derive a gen
method for the analysis of this problem, in case of colline
kinematics for the reactiond1p→d1N* , i.e., forward and
backward scattering. The forward deuteron scattering is
termined by smallutu mechanisms~like v exchange!, and it
is well adapted to the study ofp→N* excitation. On the
other hand, the backwarddp inelastic scattering is deter
mined by the small values of the four-momentum transfer
from the initial proton to the scattered deutero
u5(p22p3)

2. Another mechanism is important in these k
nematical conditions, the one-nucleon exchange~Fig. 2!.
Like elastic backwarddp scattering, this mechanism is se
sitive to theNN* component of the deuteron wave functio

Applying the conservation of the total spinprojection for
the collinear processes, five independent transitions are
lowed in d1p→d1N* . The general spin structure of th
collinear amplitude can be described by

M~dp→dN* !5x2
†Fx1

,

F5 i f 1U
W
1•U

W
2*1 i f 2kŴ•U

W
1k
W
•UW 2*1 f 3sW •U

W
13UW 2*1 f 4sW •kŴU

W
1

3UW 2* •k
Ŵ1 f 5~kŴ•U

W
1s•kŴ3UW 2*1kŴ•UW 2*s•UW 13kŴ !, ~15!

wherekŴ is the unit vector along the deuteron momentum,x1
~x2! is the two-component spinor of the initial proton~pro-
ducedN* ! and f i , i51–5, are the scalar amplitudes, whic
are complex functions oft only.

For a fixedm* ~mass ofN* ! the value oft is determined
only by the energy of the initial-deuteron. But in a real e
periment the energy spectrum of the scattered deuterons
responds to different values oft and w2 and for collinear
kinematics there is a definite correspondence betweent and
w25m* 2 ~Fig. 3!.

The spin structure~15! results fromP invariance for
strong interactions, in collinear kinematics, where the re

tion takes place in a three-momentum directionkŴ only. This
formula has been derived using the spins and parities od
andN* , it applies then to any mechanism of the conside
process, all the information on the deuteron structure and
N* properties being contained in the amplitudesf i .

Let us express the polarization observables for the pro
d1p→d1N* , in terms of the scalar amplitudesf i , Eq.
~15!.

FIG. 2. One nucleon mechanism for backward deuteron sca
ing in the processd1p→d1N* .
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Summing over the polarizations of the produced partic
and averaging over the polarizations of the protons, we
tain the following expression for the square of the mat
element:

uMu25X1U
W
1•U

W
1*1X2ukŴ•U

W
1u2,

X15u f 1u21u f 31 f 4u21u f 31 f 5u2,

X252u f 1u21u f 11 f 2u22u f 31 f 4u2

1u f 31 f 5u228 Ref 3f 5* . ~16!

Therefore, the differential cross section and the ten
analyzing powerT20 are

ds

dV
.3X11X2 , T2052

&X2

3X11X2
. ~17!

The interference of the amplitudesf 3 and f 5 results in the
inequality betweenT20 andt20 ~polarization of the final deu-
teron in an unpolarized collision!:

t2052
&X28

3X11X28
, X285X2116 Ref 3f 5* . ~18!

IV. t-CHANNEL CONTRIBUTIONS
TO THE AMPLITUDES OF d1p˜d1N*

The general parametrization of the collinear amplitude
very convenient for the description of possiblet-channel
contributions and it will be applied here to the scalars,
pseudoscalarh, and vectorv mesons. We will perform the
calculations in the Breit system, wherek̃050, so the space

r-

FIG. 3. Physical region ford1p→d1X at Ekin52.3 GeV and
p1d→p1X at Ekin53 GeV ~the maximum available Saturne en
ergies! in the t-w plane. The region of the Roper resonance with
width is shown and it is constant int.
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54 3129POLARIZATION OBSERVABLES IN THE PROCESS . . .
part of the conserved vector current must be transversal
~1! s exchange. Thedds vertex can be described, in th

general case, in terms of two independent form factors w
the following spin structures:

g0~ t !U
W
1•U

W
2 and g2~ t !kŴ•U

W
1kŴ•U

W
2* .

Using the evident structure of thep1s→N* vertex:
gsx2

†x1, wheregs(t) is the corresponding form factor, on
can obtain

f 15
g0gs

t2ms
2 , f 25

g2gs

t2ms
2 , f 35 f 45 f 550.

The tensor analyzing power becomes

T2052&g2~ t !
2g0~ t !1g2~ t !

3ug0u21ug2u212g0g2
. ~19!

The surprising result contained in this formula is that it
possible to induce tensor analyzing power even in the cas
s exchange~spin-0 particle!, taking into account high-orde
effects~interaction with derivatives!.

In the framework of the impulse approximation~Fig. 4!
the form factorg2(t) is proportional to the quadrupole form
factor of the deuteron.

~2! h exchange. In this case theddh vertex is charac-

terized by a single spin structure,g1(t)kŴ•U
W
13UW 2* , and us-

ing theNN*h vertex in the formx2
†sW •kŴx1, one can obtain

for the collinear kinematics the following expressions for t
scalar amplitudesf i :

f 15 f 25 f 35 f 550, f 45
g1~ t !gh~ t !

t2mh
2 .

This spin structure results inT2051/&, positive andt inde-
pendent. The form factorg1(t) of theddh vertex is propor-
tional to the magnetic form factor of the deuteron in t
impulse approximation.

~3! v exchange. The spin structure of the vertexvdd,
Eq. ~7!, coincides with the corresponding structure for t
g*dd vertex. The vector dominance model suggests a sim
relation between the form factors of thevdd andg*dd in-
teractions~Fig. 5!:

e fi
~em!~ t !5

e

2gv

f i
v~ t !

t2mv
2 ,

FIG. 4. Impulse approximation for thesdd vertex.
h

of

le

where gv is the constant of thegv transition, f i
(em)(t)

[ f i
v(t)] is the corresponding electromagnetic~strong! form

factor.
The spin structure of the other vertex,vNN* can be pa-

rametrized as follows:

J̃05 ige~ t !x2
†x1 ,

JW̃ 5gm~ t !x2
†sW 3kŴx1 , ~20!

where the electric~longitudinal!, ge(t), and the magnetic
~transversal!, gm(t), form factors are proportional to the isos
calar form factors of theN* electroexcitation:

ge,m~ t !5
1

2
@ge,m

~p! ~ t !1ge,m
~n! ~ t !#,

(p) and (n) denote the proton and neutron transition for
factors.

The following formulas hold for the scalar amplitudes
the framework of thev exchange:

f 15
V0ge~ t !

t2mv
2 , f 25

V2ge~ t !

t2mv
2 ,

f 352 f 45
V1gm~ t !

t2mv
2 , f 550. ~21!

A direct consequence is that, in this particular ca
T205t20. Taking into account thatf 31 f 450, one obtains a
simpler expression forT20 @in comparison with Eq.~17!#:

T205&S 2113
u f 1u21u f 3u2

2u f 1u21u f 11 f 2u214u f 3u2
D .

The lower limit for this observable,T2052&, corresponds
to f 15 f 350, f 2Þ0, but the upper limitT205& is not
achievable in the case ofv exchange. Iff 250, then for any
amplitudesf 1 and f 3Þ0 this model predicts only negativ
values forT20. It may be positive in the case off 350, and
u f 11 f 2u

2<u f 1u
2, and its maximum allowed value i

T2051/& when f 152 f 2 and f 350.
Using Eqs.~21! for the amplitudesf i , T20 can be written

in terms of the electromagnetic form factors as

T2052&
V1
21~2V0V21V2

2!r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

, ~22!

FIG. 5. Vector dominance model for the deuteron form facto
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3130 54M. P. REKALO AND E. TOMASI-GUSTAFSSON
where the ratior (t)5g e
2(t)/gm

2 (t) characterizes the relativ
role of longitudinal and transversal excitation ofN* .

This formula can be easily generalized for the excitat
of any nucleonic resonanceN* ~in the framework ofv ex-
change! as follows:

r ~ t !5
AS
2~ t !

@A1/2
2 ~ t !1A3/2

2 ~ t !#
, ~23!

whereA1/2 andA3/2 are two possible transversal form facto
of the processgS*1N→N* , gS* is the isoscalar virtual pho
ton andAS(t) is the scalar~electric longitudinal! form factor
@7#.

Moreover Eq. ~22! is valid for any inclusive proces
d1p→d1X, with

r ~ t !→r ~ t,w2!5W̃00
~s!/~W̃xx

~s!1W̃yy
~s!!,

W̃xx
~s!5W̃yy

~s!5W1,2
~s!~ t,w2!,

W̃00
~s!52W1

~s!1F12
~w22m22k2!2

4m2k2 GW2
~s!~ t,w2!.

In the simplest case ofX5N1p, the SF’sW1,2
(s) can be

calculated in the framework of any model for the proce
v1N→N1p, in the resonance energy region.

Whenr (t)@0 or if the contribution of the deuteron mag
netic form factorV1(t) is neglected, thenT20 does not de-
pend on the ratior (t), and coincides witht20 for the elastic
ed scattering~with the same approximation!. In another lim-
iting case,r (t)→0, from Eq.~22! we have

T2052
1

2&
.20.35,

i.e.,T20 is negative andt independent. This situation applie
to the RR according to some theoretical models@5,6#. All
these examples show that this observable is especially s
tive to the properties of the vertexv1N→X.

V. COMPARISON WITH EXISTING DATA

In Fig. 6 we report the theoretical predictions togeth
with the existing experimental data.T20 for p(dW ,d)X @2# for
different momenta of the incident beam is shown as o
symbols. These data show a scaling as a function oft, with a
small dependence on the incident momentum.

On the same plot the data for the elastic scattering pro
e21d→e21d @10# are shown~solid stars!. All these data
show a very similar behavior: negative values, with a mi
mum in the regionutu.0.35 GeV2 and they increase towar
zero at largerutu. The lines are the result of thev-exchange
model for thed1p→d1X process, Eq.~22!, for different
values of the ratior , assumed constant.

The deuteron form factorsGc ,Gq ,Gm , have been taken
from @11#, a calculation based on relativistic impulse a
proximation, and they reproduce well theT20 data for ed
elastic scattering@10#.

The dashed line corresponds tor50, where our
model predicts a constant value of this observable in
d1p→d1X, which is not consistent with the data. All theo
n

s

si-

r

n

ss

-

-

e

retical curves~corresponding to different values ofr ! are
crossing in two points, atq52 andq55 fm21 (q5Autu), due
to a particular cancellation between the form factors com
nations:V2 and 2V01V2 , in the numerator of Eq.~22!.
Therefore the positions of these points are sensitive to
theoretical models used for the calculation of the deute
electromagnetic form factors.

Our calculation shows a dependence onr , in the range
0–0.5 especially in the region of the minimum~q.3 fm21!
and in the point whereT20 changes sign~q.5 fm21 for
r50.1–0.5 andq.6 fm21 for r50.01!. The data are more
consistent with the valuer50.1, in the simplified version of
thev-exchange model with at-independent ratior .

The results show clearly that this observable in t
d1p→d1X reaction is mostly characteristic of the prope
ties of theddv vertex, but it depends also on the properti
of thevpX vertex and can give additional important info
mation about the electromagnetic form factors of the nuc
onic resonance excitation.

VI. COEFFICIENTS OF POLARIZATION TRANSFER

IN d¢ 1p˜d¢ 1X

Let us calculate the vector~tensor! transfer polarization

coefficientska
a8 (kaa

a8a8) ~with a5x,y, or z! from initial to

final deuterons, fordW 1p→dW 1X, in the framework ofs and
v exchanges.

In the case ofs exchange these coefficients depend o
from the ratior g(t)5g2(t)/g0(t) of the form factors of the
dds vertex. For the nonzero~diagonal! coefficients the fol-
lowing expressions hold:

FIG. 6. Experimental data onT20 for e
21d→e21d ~solid

stars!, d1p→d1X at incident momenta of 5.5 GeV/c ~open
circles! and 4.5 GeV/c ~open squares! as a function ofq5Autu. The
predictions of thev-exchange model are reported for different va
ues of the form factors ratior : r50 ~dashed line!, r50.01 ~dash-
dotted line!, r50.1 ~solid line!, r50.5 ~dotted line!.
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ky
y85kx

x85
3~11r g!

2~312r g1r g
2!
, kz

z85
3

2~312r g1r g
2!
,

~24!

where thez axis is along the three-momentum transferkW . In

this case the observableska
a8 contain the same information a

T20, Eq. ~19!. Moreover these observables are connected
the following relation:

T202
3

&
kz
z81

9

2&
~ky

y8!50. ~25!

In the case of anv-exchange approximation, using th
corresponding parametrization of thevdd vertex, one can
find the following formulas for the nonzero vector polariz
tion transfer coefficients:

ky
y85kx

x85
3

2

V1
21~V0V21V0

2!r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

, ~26!

kz
z85

3

2

V1
21V0

2r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

. ~27!

For r50 we obtain simplykx
x85ky

y85kz
z85 3

850.375: all co-
efficients are positive andt independent. As in the case o
T20 the ratior (t) contains all the information about the pro
erties ofvp→X vertexes. From Fig. 7, one can see th

ky
y8 has a strongq and r dependence. The point where a
lines for different r are crossing is due~as for T20! to a
special combination ofV0 andV2 @see the numerator of Eq

~26!#. At q50, ky
y851/2, for any value ofr , asV15V250.

FIG. 7. Vector polarization transfer coefficientky
y8 as a function

of q5Autu, for d1p→d1X and different values of the form fac
tors ratio r : r50 ~dashed line!, r50.01 ~dash-dotted line!, r50.1
~solid line!, r50.5 ~dotted line!.
y

t

The largest sensitivity tor is in the regionq>3 fm21 and the
position of zero crossing is stronglyr dependent.

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

kxx
x8x85kyy

y8y85kxy
x8y85kyx

y8x85
V0
2r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

,

~28!

kzz
z8z85

22V1
21~V01V2!

2r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

, ~29!

kxz
x8z85kyz

y8z85
22V1

21~V0
212V0V2!r ~ t !

4V1
21~3V0

21V2
212V0V2!r ~ t !

. ~30!

The vector to tensor~and tensor to vector! polarization trans-
fer coefficients are zero, in the considered approximation

VII. CONCLUSIONS

We have shown that thev-exchange mechanism in exclu
sive and inclusive dp interactions, d1p→d1N1p,
d1p→d1X allows one to extract interesting informatio
about the properties of isoscalar nucleon excitation. T
constitutes essential and complementary information to
results which can be obtained fromep anden interactions in
the region of the excitation of nucleon resonances.

The main problem in the hadron-induced reaction is
understanding of the reaction mechanism. We suggest he
model-independent way to test experimentally the validity
the v-exchange mechanism: the linearity of the doub
differential inclusive cross section in the variabley2, for the
processd1p→d1X. The azimuthal asymmetry in exclu
sive processes liked1p→d1N1p and in particular the
polarization observables should also help in identifying
v-exchange mechanism.

The reaction mechanism which corresponds tov ex-
change is especially important to determine the isosc
structure ofN* excitation. The electroproduction exper
ments on neutron and proton targets will not allow to det
mine completely the isotopic structure of thegN interaction,
as the isoscalar information is missing. Moreover the use
a deuteron target implies the knowledge of specific prop
ties of the deuteron. In this respect the electromagnetic in
action does not look preferable compared to hadron prob

Of course, a realistic model to describe proces
d1p→d1X has to include, in addition tov exchange, the
contribution ofh ands exchanges; the excitation of all reso
nances~with mutual interference!, which can contribute in
the mass region of interest; contribution of nonreson
background; effects of a strong interaction in the initial a
final states; contribution of deuteron excitation~Deck mecha-
nism!. All these contributions have a complicated sp
structure, producing strong interference effects with large
larization phenomena.

The best way to study theN* structure with hadronic
probes seems to be the diffractive excitation of proton
high-energypp collisions. A smallt-diffractive production.
p1p→X1p ~Fig. 8! can be described in terms of Pomero
exchange, with a large cross section, nondecreasing with
ergy: the contribution of the diffractive dissociation is abo
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20% of the total cross section for thepp interaction. The
phenomenological photon-Pomeron analogy has descr
successfully many properties of high-energy hadronic in
actions: elastic processes and diffractive inelastic proce
@12,13#. Therefore the subprocessP1p→N1p has to be
similar to the processg*1N→N1p and even simpler as th
isotopic spin ofP is equal to zero. So the Pomeron exchan
behaves as an isotopic spin separator to sign the isos
contributions. Moreover at large values ofs and small values
of t the Pomeron exchange mechanism is free from any la

FIG. 8. Pomeron exchange for the diffractive dissociation of
proton in the processp1p→p1p1N.
C

ed
r-
es

e
lar

e

background similar to the Deck mechanism which is t
main background ford1p→d1X at intermediate energies

One can mention that the process of diffractive excitat
~or diffractive dissociation! unifies the high-energy physic
of the specifict-channel exchange~i.e., Pomeron exchange!
with the low energies, i.e., the resonance physics of the p
cessesP1p→N1p. The properties of this subprocess c
be calculated with good accuracy in the framework of t
models which are currently used for the pion electroprod
tion. Their main ingredients are the contributions of differe
N* excitations in thes channel and some background. Th
presence of the isoscalar part of the correspondingN→N*
form factors makes the diffractive dissociation of proton
very sensitive tool for the test of different models ofN*
structure and of the mechanisms of its electroexcitation.
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