


1. Introduction

Pion production and absorption is one of the most fundamental problems
in intermediate energy physics. On one the hand, since the process #N — N is
kinematically forbidden on a free nucleon and strongly suppressed in nuclei, the
pion absorption requires the participation of at least two nucleons. On the other
hand, this process is sensitive to large-momentum components in the relative wave
function of the nucleons. Hence, the production and absorption of the pions on
nuclei is the unique possibility to study short-range N N-correlations (r < 1fm)
where non-nucleonic degrees of freedom may become essential.

The pion absorption, however, is dominated by P- wave scattering (Fig.1b)
( mainly via an 3S; intermediate AN state), which masks the N N-correlations.

S- ‘wave rescattering (Fig.1a) is not mediated by the A resonance, and,
therefore, it can be sensitive to short-range N N- correlation. Since S- wave rescat-
tering is much smaller than P- wave rescattering, the cross section is not sensitive
to this component. Polarization observables, however, depend on interferences
between these diagrams, and so they are particularly sensitive to smaller terms.

The deuteron is the simplest system on which pioyns can be absorbed. In the
last few decades the reaction #*d — pp (and the time-reversed reaction pp — dr*)
has been extensively investigated, including polarization observables, and several
partial-wave amplitudes fits have been published to date.

' The next step is a detailed studying of the pion production and absorption
on a nucleus heavier than the deuteron. -

The number of experivments to be performed for an amplitude analysis and
for the reconstruction of partial-wave amplitudes is usually large. But the number
of experiments can be sufficiently reduced in special geometries like the collinear
one or in the center of mass system (CMS) at 90°.

In this letter the dp — 3Hen® reaction is considered in collinear kinematics
when 3He is produced at 8, = 0° or at 8, = 180° in the CMS. Taking into
account spin-parity restrictions under this kinematic condition, one gets only 2
independent complex amplitudes for this process.

The measurements of the differential cross section {1, 2] and both cross
section and tensor analyzing power T [3} for forward and backward x° production
in the CMS makes it possible to extract the moduli of these amplitudes for
collinear kinematics. A significant structure in the amplitudes, particularly at
9, = 180°, can be related with A and N* excitation in this process.

Note that the vector analyzing power Cn o0 at large angles in the CM S

also varies strongly with erle'rgy and even chénges its slope at 180° in the sa;me
region [4, 5, 6]. LT ) ‘

The large negative Ty measured at threshold {7} is a direct evidence for the
two-body absorption of stopped pi'o'ns"takihg place primarily on pairs of nucleons
with isospin zero. This measurément allowed one ‘to\ estimate that the capture
of pions on 1soscalar nucleon pairs in 3‘H eis more than an order of ma.gmtude
stronger than on isovector pairs 8.

The measurements of differential cross section [9] and the recent measure-
ments of both the cross section and the tensor analyzing power T3 [10] near
threshold allow one to reconstruct the moduli of 2 independent amplitudes in this
region.

But it is 1mposs1ble to obtam the relatne phase of these amphtudes from
study of the differential ctoss sectlon and T. For ‘this purpose it is necessary
to perform the investigation of such polarlzatron observables as deuteron- proton
spin correlation between both polarized particles or polarization transfer from
polarized deuteron to 3He. The measurement of such observables near threshold
allows one to obtain the relative sign of the coupling constants for absorptron on
isoscalar (go) and lsovector (1) nucleon pairs. ' _ .

The investigation of this reaction is essentlal for a good knowledge of N N
interaction above pion productlon threshold It can give us information on the
short- range NN correlation, on the nature of NA and NN* mteractron on a
possible 3-body mechanism of pion absorptlon, provide us with the ba.src mput
for the microscopic calculation of more complicated processes on multinucleon
systems.

. The performance of these experlments is possible at Dubna, SATURNE,
TRIUMF and PSI using the polarized beams, targets and intense pion beams. -

2.. The dp — 3Hex° in collinear geometry

In the general case there are 6 complex amplitudes depending on total
energy /s and scattering angle ¢ in the CMS to describe the dp — 3Hen®

“process. These amplitudes can be reconstructed in a complete experiment which

contains measurements of at least 11.different polarization observables. But the
number of necessary experiments to be performed is drastically reduced in special
geometry like collinear one.

For collmear geometry there are only 2 mdependent complex amplltudes
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for dp — 3Hex® which can be written in the following form [8, 11]:
f‘:x:' ( (7U) +iB - nUXa') Xps R )

'where the Pauli- matrxx J a.cts between proton and 3H e spinors (x,, and x.,),

is, the deuteron polarization vector and 7 is_the unit vector along the relatlve'

: momentum of initial particles.

The polarized cross section is wr1tten in terms of the mltla.l densrty matrlx L

of the d — p system j; and amplitude I as .

do?! - Tr(FsEY) R
dQ " Tr(p) S e e

7 Usmg expansxon of the den51ty matrix p, in terms of Pauli spin matrrces o for

mltlal proton and final *He and a set of spm opera.tors S,\ for 1mt1a.l deuteron the ‘

'genera.l spin observa.ble is deﬁned as /

S R Tr(Fazsdwaf) s
: B0 = G
o o Tr(FF+) ¢ o
where indices gand) refer to the initial ‘proton and deuteron polarization, index 8
_refers to final 3He polarlza.tlon and index 0 refers to ﬁna.l x° % respectxvely (Here
_we follow the notations used in ref. [12])
" The spm correla.tron coefﬁclents or second order spin observa.bles Ca r00

are deﬁned as

TSI ;:fﬁp’zdjl;,.'-lﬁ. :
' Canoo = -————Trg E’Fif)' ) X0
Using expression (1) fot amplitude F', one ¢an obtein, for collinear geome-
try: o ' B '
2
CLLoo= D%?’_%%‘IIB—P e (5)
v A
ConNpo = ﬁ% T . .(8)

where L is longitudinal, N.is normal and S is sideways pola.ri,zaft'ron'of pa.rticles.

Notice that the coefficients. of polarization transfer from deuteron to 3He are
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related to-the spin-correlation coefficients as:

Corro =-CLLop
Conng =CnNnNpo

Costno =CnsLoo
For the coefficients of polarization transfer from proton to *He one can obtain:

Crorp =2-Crroo+1
CNONO = (CLLoo-l-l) / S (9)

Also, the observables CNNo0,CNsLop and Connop are related as follows:

N2 :
-8 4C3 NN oo — 1 o
2'Ciz\f'Noo‘l'‘CI?VSLoo‘l'’(‘_—5""*)" =1« (10)

Assummg that A and B are in phase what means ReAB” = + | A}l B

and Cy, SL,00 = 0 the equa.tlon (10) can be transformed to:

(4Co,NN,o,d - 1)

: =1 - .y

2-Clnoot

The conditions for realization of eq. (11) will bey considered bclow ibut one can
mention that even in the case when A and B are in ‘phase, it is necessary to
perform the measurement of CNNoo to obtain the relative sign of the moduli of
A and B. . .

It should be noted that the spin correlatlons CN SL,00 and ('NNoo are the
most informative polarization observables because they are the interference terms
of two amplitudes in contrast to the others and can be more sensitive to short

range N N-correlations.

3. Behaviour near threshold

From = absorptlon on 3He near threshold it is known that S-wave pions

are absorbed mainly on pairs of nucleons (Flg la)~
fo = —igoinn - (Uhy x Ua) : (12)
= gty Uin (13)

where finy is the relative momentum of the two ﬁnal nucleons UNN is their

polarization vector, Ud is the polar1zat10n vector of the isoscalar quasi-deuteron



pair and go,g: are the amplitudes for: absorption o nucleon pairs with isospin
T=0and T =1, respectlvely These a.mplltudes correspond to the 3P1 and 3P,
states of the two final nucleons and can therefore be wntten up to sign a.mblgulty

as follows

[golezp[tb'(aPl)] =@ exp[zb'(aPo)] : (14)

Near threshold A~ (AD(Q) 90+A1(Q) g,) and B~ (Bo(Q) yo+Bl(Q) @),
where A (Q),B (Q) depend on the structure functions of deuteron-and *He [8]. o

Of especial mterest is the case where go and g1 are in phase, i.e. 63P1 e~ 63P0 =4,
then 4 ~ (Ao(Q): GoAr(Q) 5 eap(ie), B (Bo(Q) o+ Bi(Q): <),
where g and’ gx are, real : , : :

The two P -wave. pha.se shifts are small at threshold ‘and- it ls perm1s81ble

to assume that the coupling constants go and.g; are-real rf “P-wave interactions

(Fig.1b) are neglected m the a.nalyms :In order to: get an agreement with the
n —d branching ratlo, go. and g1 were a.ssumed have the same’ 'sign [13] But |

sign uncertainty- can only be removed by the measurement of such observable as
Cn N in: the dp = 3Her®: (or CNO‘NO m the; 7r"3He = nd)
In order to'get an agreement w1th the mea.sured tensor analyzmg power

T at threshold of the dp —+3 H en’ reactron [71 usmg reallstlc wave functions of

deuteron and %He with D- waves a.nd the S-wavc 7r“ 3He — nd branchmg ratio

[14]; the authors [8] could extract numer]cal values of go and g1

lgol = (6 S£0. 6)10’2fm ng

Using these values, one can predlct the va.lues of other pola.rlzatron observables,

defined above. Usmg compIetely symmetnc 3H € and deuteron wavefunctxons and

also reallstrc wavefunctlons from [8], the predlcted values for-Cn.vooy CrLinoos

Croro and CnonNo at threshold are. presented in’ Table 1

Table 1. Predlct:ons for CN,NOD, CLLUO, CLQLO and CNUNO at threshold B

in the dp — ®Hen® using completely symmetric 3He and deutéron wavefunctions and
reallstrc wavefunctions with D- waves. ‘The valués are calculated with the parameters
= (6.5+0. 6)10‘2]"m’2 and _ql (14 _-l:O 4)10 2]"m"2 from ref i8] _

_Cnwoo- | Ci,t',u‘,o ’CL;o,L',o"" CroN0

Without D waves | & (0.333% 0.026) | -0. 0593: o 013 0.882 0,026 | -0.941:+ 0.013

With D waves' | & (0.280+ 0.023) ‘o 0443: 0. 007 6,912' £70.014 | -0.956 0.007

_(14:1:04)10 fmt '(15)1

The value of Cn,n 00 can be predicted up to sign ambiguity, but a negative
value of Cn g0 at-threshold is'more favourable when g and g; are assumed to
have the same sign to avoid a strong suppression of the n—d branching ratio [13].
One can also see that Cy np0 is very sensitive to short-ranige N N- correlations.

The value of CL 10,0 at threshold is small what is easy to understand. Since
the projection m of deuteron polarization vector is along the direction.of proton
momentum in the case of longitudinal polarization, the amplitude (12) vanishes
and the small amplitude (13) defines the value of Cp,r,00 at threshold.

-‘We would like to:note thatramplitu{des A and B. are real at threshold in -
the ‘S-wave pion -absorption approach, and from the measured cross section and
T2.{7, 9, 10] one can predictthe values of other polarization observables. Carring
out Cnnpo measurements at threshold could provide removing sign ambiguity

between:the A and B amplitudes (and between the go-and g; coupling constants).

., Spin-correlations at high energies

For complete descrrptlon of thls process at hlgher energles 1t is necessary
to mclude in calculations the NA and NN* intermediate state productron three—
body mechanisms [15] and so on. But from 51mple relatlons between polarlzatlon
observables it is possxble to pred1ct the behav1our or to set a lmnt to changmg
some of them usmg lnformatlon extracted from the observables measured to date

The unpolarrzed dlfferentlal cross sectlon and tensor analyzmg power of
the dp — 3Hen® determine the moduli of A and B through {8]:

tjzho :%!%.‘1;1 [[A[2+2IB|] | . (,15)
_ 5. BE-lAr ' |
L - Vi oA (17)

where P, and pj are the pion and deuteron CM momenta, and the tensor analyzing

power Ty is relate to Co nnog as
Ty =~V2ConNgs - : 0 (18)

The values of |B}? and |A|2 extracted from the experimental data at 0 =0°
and at 0, = 180° [3] are presented in Flg 2. One can see that the A amphtude
is always dominant at 6, = 0°. However at 0 = 180" there is a rich structure
in both amplrtudes which can be connected w1th excitations of resonances in the

1ntermed1ate state.



. Using the extracted moduli of A and B and relation (5), one can predict
the behaviour of Ci 100 (Fig-3). This observable is more sensitive to the small

amplitude B than Ty. The observables C 0,10 and Cngno can also be obtained
from simple relations (9). However, these polarization observables do not contain
principal new information about this process in addition to the measured cross
section and T3g. :
Relation (11) between CN.Noo and Cy,nn,00 is valid at threshold At hlgh
energles relation (11) is destroyed and only (10) remains right. - :

- The energy dependence of a more favourable solution [13] of equation (11)
for Cn,nop at 8, = 0° is presented in Ii‘ig 4. The point in the gra.ph is the predicted
value of this observable at threshold. The real value of CN N,0,0 from experiment
must lie above this prediction. R

In prrncrple, there are only 3 totally independent observables for the dp —
3Her® reaction in collinear geometry, i.e. cross section, Co.nnoo and Cn noo.
The value of Cpn,sr00 can be obtained from eq:(10) (up to sign uncertainty).
Therefore, from measurmg CnNop (in addltron to the cross section and Tyq) it is
possrble to perform an amplitude analysis and reconstructlon of the pa.rtra.l wave
amphtudes up to a constant phase shift. S

Concluding this section, we would lrke to note tha.t the dp — 3Hen?® reaction
having the same spm structure is also deﬁned by two a.mplrtudes in collinear
kinematics . This process at threshold is domrnated viaan mtermedrate 511(1535)
resonance. Thus, in contrast to the 7' case, the low energy n-3He interaction is
very strong. B T ‘ '

In the two- body a.bsorptlon approach [16] the 7)- meson at threshold can

also be absorbed on pairs of nucleons wrth 1sospm T=0and T = 1

fo’f"': gonNN ipg
fl = glnNN UNN‘ ‘ (19)

where go, g1 are the amplitudes for absorption on nucleon pairs with isospin T' = 0
and T =1, respectrvely, fiyy is the relative momentum of two final nucleons, UNN
is their pola.rlza.tron and Uy is the polarization of the isoscalar quasi-deuteron
pair. From measurements of the cross section at-threshold for np — dq [17] and
pp — ppn [18], one could estimate that the absorptron of 7- meson on isoscalar
nucleon pairs is an order of ma.gnrtude stronger than on isovector pairs.

One of the main features of these processes is the dominance of p- exchange,
but in prmcrple the relative sign between the 7 and p contributions is not deter-

mined. If we neglect D- waves in the deuteron and 3He, the difference between S*

i sian .

e

and § waves in the *He and w,n exchange diagrams, the A and B amplitudes of
the dp — *Hen® process correspond to pure 7- and p- contributions, respectively.
The relative phase between the A and B amplitudes corresponds to the mixing
parameter between the 7- and p- exchange gra.phs The spin correlation Cy,no0

takes the following form:
CN,N.O,O = IC;V,N,0,0I - €058, (20)

where the cosd is the mixing parameter between the 7- and p- contributions.

Of courée, for correct description of this process it is necessary to add to
this simplified model 3-body mechanisms [19], strong FSI due to large complex
n°He scattering length {20, 21} and so on.

Using simple relatrons between the polarization observables and the mea-
sured cross section 2] and the value of tensor analyzing power Ty [22] at threshold,
one can estimate the values of spin correlations and polarization transfer coeffi-

cients. The results are presented in the Table 2.

Table 2. Predictions for |Cyn00l, CL.£0o. CLoLo and Cy oo at threshold
in the dp —3 Hen®

1Cn:No 0l CLro0 Croto | Cnong

0.694 % 0.052 | —0.596 + 0.024 | 0.192 + 0.048 | —0.404 + 0.024

The values of |BI? and |A|? for the dp — *Hen® rea.ctron at 0, = 180°
extracted from the experimental data [2 22] are presented in Fig.5. Note that
the ratio of the |A|/|B| equals 1.16 + 0.05 over the range of P, =0+ 80MeV/c.
This means that the observables presented in the Table 2 , except C&,N,o,o and
Cn.sz00, Will be constant in this region and equal to the values at threshold. The

spin correlations Cn w00 and Cy sp00 will have the following expression in this

region:

Cnnoo = (0.694 £0.052) - coss
Cnsioo = (1.041 £ 0.078) - sind o (21)
Arguments for measuring Cy n,0,0 (in addition to the measured cross section

and Ty) to perform an a.mphtude and pa.rtra.l wave analysis are the same as for
dp — 3Hen® ‘



(a) BN

7 Flg 1 Diagrams for 2N- absorption mechanisms: (a) S-waves pion rescatterlng,
(b) via-an intermediate A and N* state excitation.

The measurement of Cn,n0,0 in the dp — 3Hen® could allow one to ob-
tain an additional information about the excitation of the highest nucleonic reso-
nances, in pérticular 511(1535), P11(1710) and D:5(1700), including their polariza-

. txon properties in.nuclear matter, features of three body mechanisms i in coherent
meson productlon [19] a possxble ex1stence of quasi-bound 7;3He state [20, 21], a

role of 3 quark— antiquark pair in the 1; wave functlon
5. ‘Cﬁnél‘uvsio‘ns

In the case of collinear geometry when only two amplitudes characterize the
process dp — 3Hen®, the measurements of the second-order observables Cn no0

and Cns1,0,0 (in addition to Ty and dlfferentlal Cross sectlon) realize entirely the

program of full experiment and one can reconstruct these amplitudes in this case *

and perform the partial-wave analysis.
<At threshold where the two-body absorption of pions-dominates, it is pos-
sible to remove sign uncertainty between the g and g; coupling constants from

measurement of Cn 0,0
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Fig.2 Extracted values of |A]* and |B|? from

the experimental data for the dp —° Her% -
(a) at 8 = 0% (b) at @ = 180° (ref [3]) Lines are -
the fttlng of the data by a set of gaussians.-
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is the value of CNNOO at threshold
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Smce CNNoo is an .interference term between the amphtudes, it can be

-‘sensmve to short- range N N- correlatlons, in partlcular at threshold and above

E the A exc1tatlon reglon '

“'The companson of tbe behavmurs of CN Noo for the dp — 3H evr and

B i,dp = 3H én® reactions near threshold could prov1de a p0551ble sepa.ratlon of the

: "ftwo~ and three—body mechamsms in coherent meson productlon

- Note that the mea.surement of CNNOO in"the dp = 3Hen® is'a most re-

. balxzable pola.rlzatlon experlment for this reaction to date. The measurement of

T CN $1,0,0-could be made as the second step to remove - uncertainty in the rel-

.. ative phase of the A:and B amplitudes:: This investigation could be performed

: ,.at Dubna, SATURNE TRIUMF. The measurement of the Con,n,0, 5pin transfer

. ,;coefﬁcxent from poIanzed 3He target to deuteron, which is also an interference

i ’:'term of the two a.rnphtudes, could be carried out for the #=3He — dn at meson
. };vfactorxes TRIUMF ¢ or PSL.
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Jlagurus B.I1., JlJanmruua H.B. E1-94-279

TNongpusanuonane HabmonaeMHe A9 peakiuy dp = 3Hex?
B KOJUTHHEAPHOM r€OMETPHH

B TepMuHax ABYX HE3aBHCHMBIX aMILTHTY, KOTOpHIE B 06mEM cryyae onpe-
AEJIAIOT CIHHOBYIO CTPYKTYPY aMIUIMTYAH peaknuu dp —» 3Hen0 s KOJLTMHEAp-
HOM FreOMETPHH paccMOTpeHH 3theXTH, CBI3aHHBIE C HO/ISIPH3ALHEH CTAIKUBA-
omuxca yactuil. IIpeackasmBaerca sHepreTHyeckas 3aBHCHMOCTh CITHHOBOH
koppeasuua Cy y g o, CBI3aHHON C NONSPH3ANMEA CTATKHBAIOIMHUXCH YACTHIL
BII0J1b HATIPABJICHH S OTHOCHTEJIbHOTO HMITYJIECA, HCIIOIB3Yy % 3HAUCHUS MO YJIeH
aMIUTNTYX, H3BJICUYCHHHX 3 9KCIEPHUMEHTAJIbLHHX JaHHKX. [1/1% CIMHOBOMH KOp-
penauuu Cy N.0.0» CBI3AHHOH ¢ MONEPEYHOMH nosispH3anucii YaCTHL, MOJTyYCH
Tpene BOSMOXHBIX H3MeHeHHH. IIpenckasnBaroTCa BETMUMHE 9THX ITOJISpH3a~
HUOHHHX HabaronaeMux Ha mopore. OB6cyXmaeTcs mOBEAEHHE STUX MONSIpU3a-
LMOHHBIX HAaOII0NAEMHIX IS peakuuu dp —> 3He17°, HMEIOIIEi TAKYI0 Xe CITMHO-

BYIO CTPYKTYDY.
PaGora sunonueHa B JJaGopatopuu Brcokux sHepruit QU U.

TIpenpunt OGBbEAMHEHHOTO MHCTUTYTA SAEPHBIX Mccnenosanumit. Jiy6ua, 1994

Ladygin V.P., Ladygina N.B. E1-94-279

Polarization Observables for the Collinear dp - 3Hex® Reaction

Effects due to polarizations of both colliding particles have been analyzed
in terms of two independent amplitudes which in the general case define the spin
structure of the amplitude of the dp - 3Hex? reaction in collinear geometry.
The energy dependence of spin-correlation Cy ;oo due to longitudinal

polarization of colliding particles is predicted using the moduli of amplitudes
extracted from experimental data. The limit of possible deviations is obtained
for spin-correlation Cy y ¢ o due to transverse polarization of both particles.

The value of these polarization observables at threshold are predicted. The
behaviour of these polarization observables for the dp — 3He17° reaction, having
the same spin structure, is discussed.

The investigation has been performed at the Laboratory of High Energies,
JINR.
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