


1.7 Introduct‘i‘onl ,'f

‘ Many experrmental and theoretrcal mvcshgahons ol' the structure of the S
S vdeuteron have been undertaken recently, with tlic ‘goal of prol)mg the deuteron wave
" functions at short distances or large internal momenta ol' its constituents. -Progress .. .
has been achieved!3 especially in the measurement of cross section data and polariza-: - :
- tion observables for the inclusive deuteron breakup A(d, p)X for beam ‘momenta up to i
: ‘9 GeV/c. Cross sections have been measured for internal snomenta uptok=09GeV/c .
-7 2" in the infinite momentum frame; the tensor analyzrng power Ty i 1s now available up to

k=0. 8GeV/c and the polarlzatlon transfer coefficient up to’'k = 0. 5G’eV/c
cnr.r7 The 1nterpretatlon of these data is normally. based on-two main assumptlons '
(1) the laboratory momentum Pyr-(or gy; in the deuteron rest frame) of the detected -

¢ fragment proton is in one-to-one correspondence with the relative momentum of the: :

. deuteron constituents g, which is the argument of the DWF in the Schroedinger equa-

R tion in momentum space. This assumption ]ustrﬁcs treating the argument of the DWF
: ;,a.s‘ an observable, 1t corresponds to the ”frozen momcntum assumptlon of the 1mpulse

approximation (IA). (2) The spin state of the detected proton remains unchanged in
the reaction; therefore it is-the same as defined by the wave function of the incident
deuteron. Here and in our talk® thls assumptlon is called "frozen’ proton spm” in the
(d,p) breakup reaction. - -

Examination of the data available indicate that these simple assumptions ‘are
violated to some degree. Additional features of the process have to be considered: for’
example, one might include additional angular momentum components in the DWF
(whlch arise as‘a result of the relativization of the DWF in some approaches or appear
in models with non- spherrcal 6q-bags), ot one might involve more compllcated reaction
mechanisms beside the TA, with or without-particle productlon ‘and (or) spin-flip tran-

 sitions. More stringent’ tests of the above-assumptions are expected when addrtlonal

data from the backward elastic dp reaction, become available." :

We will demonstrate that data, as well as theoretical predictions for the pola.r-
ization observables show a considerable amount of internal con31stency when examined
in a form 1ndependent of the DWF, as a «, - Tzo correlation’ plot SR e

" The theoretical background necessary to 1ntroduce this presenta.tlon is developed
in ‘section 2. Appllcatlon of the presenta.tlon to thé dp brea.kup da.ta. and’ to various
theoretrcal predlctlons is presented in'séction 3. Section 4 contains our conclusrons and
a proposal for further experlmenta.l 1nvest1ga.t10ns of the dp breakup reactlon j

2. The ko - T correlation circle

Within the TA the observables of the reaction are related to the deuteron wave
function (DWF) components # and w as follows:

1 2V2uw—w? . di—wl—uwf/y2. ’
E——\/u——zm-— , Ko= _—MT/ da/dqﬁ.t~ 'l.tz-l-w2 (1—3)
where Ty is the tensor analyzing power of the reaction and ko is the ratio of the
proton—fragment polarization to the polarization of the vectorially pola.rlzed incident
deuteron. Relatlons (1-3) can be inverted in order to express u and w in terms of the
observables &g, Tzo and do; in thig sense the DWF is an observable.. . '

. -Because the three observa.bles da/dq,,., Tz and Ko, are related with the two
DWF components:u and w, egs.(1-3) form, an overdeternuned set of equa.tlons for u
a.nd w and only two of the equations are 1ndependent in fact?.

. :Relations (1- 3) show that both polarization observa.bles depend only upon the
ratio of the- D over. §,wave functlons z = w(q)/u(q):
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Elumnatmg z from equa.tlons (4 5) leads to a qua.dratlc relatlonshlp between
the observables T20 and Ko: i .
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In other words the single parameter § would describe both values xq and T3 if
the experimental data were on the circle (6).

If the data do not stay on the circle, they still can be parametnzed as in the
case of the Argand plot, namely mtroducmg a second parameter 7 in analogy with the
1nelast1c1ty parameter of the Argand-plot analysis:

( (206
Az(e—%l—)- , nszn26 2x—2;/§n0 , mecos26=1-2r (11)

‘3. Discussion of the experimental data

The observables do/dqj,, Tzo and ko were measured !> 2 as functions of proton
momentum gy, with various targets at several energies E4 of the deuteron beam (po-
larized and unpolarized). "It has been possible to extract an empirical momentum
density (EMD) of the nucleon in the deuteron using eq.(3). The main results are as
follows: (1) the EMD is almost independent of the deuteron energy, of the target and
of the type of hadronic reactlon (see 1+2); (2) the EMD extracted from the inclusive
deuteron-breakup data 1 versus k agrees very well with the one determined from the
inclusive (e, &') experiment 8, as it is seen from Fig.2a. Both of them dxsagree with-the
* standard’ wave function calculatxons 1n the region 250 < k < 650 MeV/c. At the same
‘time, they'are in striking agréement 7 with the EMD calculated from the cross sec-

tions of elastic backward dp scattering, obtained with the help of an expression found
in ref.8. (3) Polarization observables are also largely mdependent on the target and
‘initial energy.
From Fig,.2a alone one could conclude that at high k values (k > 600 MeV/c)
~the agreement between the observed EMD and the calculated EMD is restored in spite
40f the fact that the very notion of wave function is questionable at such high internal
momenta. But one immediately realizes that such a conclusion is premature, when one
takes into account the polarization observables T2 and o (Fig.2b,c): actually one finds
agreement between all data sets and standard calculations only for k < 150 MeV/c; a
drastic disagreement is seen beyond this region.
More complicated models, taking into account.various additional contributions
to the reaction mechanism, result in a pa.rtial success for a given observable, but not
for. the whole set of obseryables,. ;. ...

In Fig.l data taken from ref. 2 are shown Th‘e‘ data are on the circle only

. for k-'< 100 MeV/c.: Therefore the spin structure of the reaction matrix element is
different from that expected with "frozen’ proton spm and the 2 component DWF.
Two alternatives are considered heré:
1. some spin-dependent mechanisms result in lmportant correctlons to the IA
2. While the spin structure.of the matrix element is determined, as-in the IA, by
the DWF the wave function itself has an additional P-wave component related
for example, with an N — N* component of the deuteron; the parity of thls
‘ N‘~resonance must then be 0pp051te to that of proton.

One possible example of the 1-st alternative was analysed by Lykasov ?; his
prediction is rather close to the data up to gy, ~ 300 MeV/c; at higher momenta the

calculated trajectory deviates strongly from the experxmental one on the xo-Ty plot
(Fig.1, solid line). Perdrisat and Punjabi!! have calculated do, Ty and later ko for the
deuteron breakup on protons within the standard non- relatwnstlc picture, namely: (i)
the full NN amplitude taken from the phase shift analysis (including all spin dependent
terms) was used, (ii) all possible single and double scattering graphs and the relevant

“interference terms were taken into account!! . The results were presented for the full

case and for the case when only single scattering graphs were kept but in both cases
the full NNV amplitude was used. The corresponding trajectories on the xo-Tg plot are
shown on the Fig.3a as well (solid and dashed lines respectively, Bonn potential). One
sees that single scattering graphs with the full NN amplitude result in a trajectory
close to the data up to gy, about 200 MeV/¢; than it approaches the circle (6).. The full
set of graphs, including the double scattering terms, results in a trajectory closer to the
experimental one up to gy, ~ 300 MeV/c. Unfortunately not all components of the NN
amplitude are known from the phase shift analysis sufficiently well; these uncertainties
as well as other approxima.tions described in ref.1! do not allow to get reasonable results
in the most interesting region_ of g;, above approx:mately 300 MeV/c. The results
of ref.l! can be interpreted as strong indications on an important influence of the
spin-dependent multiple scattering amplitudes on the polarization observables in the

~ deuteron breakup; in other words, the reaction mechanism determines the behaviour

of the polarization observables in an important way. It is also an indication of the
unsufficient level of our knowledge of the NN amplitude at intermediate energies.

The 2-nd alternative could be related with the problem of relativization of the
deuteron wave function!2. In particular, methods suggested in refs, _ 3.14 result in
additional components of the DWF which destroy the relation (6) in general. Still,
for specific kinematics, for example in the case of the "collinear” one, the components
correspondlng to the orbital momenta different from 0 and 2 can dlsappear as can be
seen in the case of the approach!3, thus conserving the equation of the circle. As an
example of consequences of rela.tlvxstlc effects, the IA results obtained by Tokarev!4
are shown on Fig.3b. Unfortunately, they disagree with the experiment: the trajectory
calculated for the same energy at which the data shown at the Fig.3b were obtained
are far from the data (long-dashed line), but the calculations at much higher energy are’
going through the data points (solid line); the trajectory calculated for an extremely
high energy is almost undistinguishable from the circle (6). Therefore in the ultra-
relativistic case this method of relativization!4 does not change the standard S— and
D~ structure of the DWF. ;

Another realization of the 2-nd alternative can be motivated from quark models
of the deuteron, where a pre-existing N*N P—wave with negative parity N* baryon
can appear. We compare in Fig.3c the expenmental data with a wave function with
N*N_admixture as suggested by Gross and Buck 15 To calculate the ko and Ty with
this DWF we used formulae suggested by A. PKobushkln16 within the 1A picture.
These are similar to eqs.(1,2) but include two new P-wave components: spin singlet
and triplet. As usual, the "frozen proton spin” assumption was used. We see that the
additional components can result in a strong deviation from the circle (A = 1 case).
The calculated trajectory is closer to the data when the P—wave is stronger (compare
the curves labelled as A = 1 and A = 0).



Concluding this Section we would like to stress that for this N*N P-wave in
the DWF the N*(1535) S’y is a good candidate as the lowest mass negative parity
baryon. Such components arise, for example, in 6q-models with non-spherical 6q-
configurations!?. Therefore it would be interesting to search for the N*N component
in the deuteron using the fact that the lowest N* with negative parity has rather large
(up to 50%) branching ratio for its decay into 7 + N. This decay mode could be a
suitable tngger sxgnature for such a search.

4. Conclusions

The ko ~ T correlation expressed by the relation (6) is a consequence of the
2-component structure of thé DWF and the "frozen proton spin” assumption for the re-
action mechanism. Therefore the xo—Tho plot cantains an important information about
the spin structure of the matrix element of reactions like breakup, when an incident
particle is broken into two "constituents” ‘with spin configurations 1 — 1/2 + 1/2'or
1/2 - 1412 thls information is rather model-independent. The deuteron breakup
considered here is the simplest example of such reactions. Other reactions of this type
are (3He,d) breakup; dp S3 Het n° ,17, at +t — dp etc whlch can be analysed in
the same way.

""The present-day data on polarization observables tell us that the spin structure
of the breakup matrix element is drastically different from the one 1mt1ally assumed
This may be due to 2 reasons (perhaps both are relevant):

1. the DWF has additional P-wave (N*N) components,

2. single scattering graphs are unsufficient to explain the deviation from the circle
(6): one must take into account both spin-flip and non-spin-flip parts of the NN
amplltude together with complicated (multiple scattering, triangle etc.) graphs
in order to explam the observed behaviour of T3 and Ko

Therefore the old question: do we study the deuteron structure or the breakup
mechanism?, is telated with the older one: does the DWF ‘consist of more than 2
components?. If we would be able to answer the latter, we would have an answer for
the first. Therefore more spin observables for the dp interactions are desirable, either in
breakup or in backward elastic scattering. Comparison of data from different reactions
in the xo—Ty plot will be useful to determine the spin structure of the DWF. Also
new experiments aimed at the search for the P-wave component of the DWF would be
very lnformatlve
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Fig.2 Observables measured for the deuteron breakup on protons and carbon.
(a) The EMD extrax:ted from datals ® versus the light cone variable k, seel? 14, (b)
Ty data from refs.2 versus k. (¢) Ko data versus k from refs. 2,3 Results of calculations
within IA with Paris DWF are shown by solid lines.
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,umeo:mBHoro pa:mana nempona o S o

-cnmrax B peaxunu paaaana newrpoua lH (d,p) Xnon0°c BonHOBon (byuxuueu AeATpoHa (Bo).
: ,‘Hoxaaauo, uto-ecau: - (a) B HMCCT OfEnpUHATYIO ):(ByxxOMHOHeHTHle S + D crpykrypy :

: o6cy>K11aeM ;me Boamox(uocm OGBSICHCHMSI BKCnepHMeHTaJIbelx naHme ) BD uMeer J10- -
»nonerenthxe KOMnOHeHTbI, HanpuMep N' N P-BonHy, (2) nononumenbnble CMMH-32BUCHMbIE

'"npennaraercsr npoaecru NOMCK 77~ pacnana N' (1535). 6apnoua c OTpHuaTeanOH ueTHocrblo :

Kion B., Teapuca 4.d., CTpoxoacxquA W PN B - E1-95-7
Koppensiumu Mexay. nonnpmauuonnbmu Ha6monaeMbmu B pcaxuuu o oL :

06cy>x;1aercsr cBs3b TenaopHou anannaupyromeu cnoco6uocm T o ¥ xoacbcbuunema nepenaun

1 (6) MEXaHM3M PeaKiH1M TAKOB, 4TO CIIMH PErMCTPHPYEMOrO nNpoTOHA HE M3MEHSIETCS NPH passane
neu-rpona, T0 o6e Ha6nlonaebee T 20 M "o SABJSIOTCS (byﬂxummu o-rHomeHml D/ S u cBsizaHbl

ypaBHeHneM OKPYXHOCTH Ha IUIOCKOCTH Ky T20 Sra xoppennuml MC)K}.Iy )lByMﬂ nonsrpnaauuon-

HbIMH HABIIOTAEMBIMH HE 3ABUCHT OT Kom(perﬂou monenu BOI ¢ }.IBnyOMnOHCHTHOH CTPYKTYpOit.
C—)xcnepumemanbnble naHbee yxonsrr Ot Ky, = T35 OKPY>KHOCTH, CBMICTENLCTBYS O TOM, 4TO

no MeHbLLleH Mepe OAHO | H3 yxaaaHbex onenpan'rmx npennonox(eﬂvm HE BbInOﬂHﬂCTCSl Mbl ’

mnep(bepnpyromue BKJIAABI B MEXAHH3M peaxuvm TIPHUBOAST K M3MEHEHHIO CTMHA JETEKTUPYEMOro
npoToHa :B npouecce peakumu, B- xaqeche BO3MOXHOrO “criocoba nponepxu 1-it BO3MOXHOCTH

u3 N N-xomnonelrrbx BOJTHOBO# cbymcuvm OCHOBHOI‘O COCTOSIHUS nedATpoHa.
Pa6ora BbanJIHeHa B JIa6opaTopm1 BbICOKHX 3Hepnm OPISII/I

' I'Ipenpmn Oobenuneunoro m{crm-yra smepm,rx uccnenoaauuu Ily6Ha 1995

e The lensor analyzmg power T and the spln lransfer coefflClent Ky for the deuleron bre'?‘* i

Kuehn B.; Perdrisat C.F., Strokovsky E.A. S e i B-9547
Correlanons between Polarxzallon Observables in Incluswe Deuleron Breakup R

on’ lH .p) X at 0° and at hxgh energy are functions of the b/s ratio of the deuteron
(DWF) and are related by the equanon of a circle in lhe Ky T20 plane if (i) the deu

nction has the’ commonly accepted S- and D-component slruclure, and (i) the mech

b ,reakup reaction does not change the spm of the delecled proton This correlation of the }
A non observables is mdependent of any model of the deuleron wave funcnon wuh 2- -compo
e i . e

2 experlmental data devlate from lhe Ky~ T c1rcle. mdlcaung lhat at leasl onc of the

tions 1s not fullfllled Two assumpuons are dxscussed lo explam lhxs devxzmon (1) the DWI- i

onal components for example an N'N ‘ P-wave, (u) compllcaled spin dependenl interfes
] change 1he spm of the delecled proton We suggest an expenmental way to verlfy the {

ent in lhe deuleron ground-state.:
mvesngallon has been performed at the L'iboralory of ngh Energles, JINR




