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Spin observables in thepn—pA reaction
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The T matrix of the pn—pA reaction, which is a strangeness changing weak process, is derived. The
explicit formulas of the spin observables are givengavavepA final states which kinematically corresponds
to inverse reaction of the weak nonmesonic decay ohypernuclei. One can study interferences between
amplitudes of the parity-conserving and -violating, spin-singlet and -triplet, and isospin-singlet and -triplet.
Most of them are not available in the study of the nonmesonic decay and will be measured in the coming
experiment. They clarify the structure of the reaction and constrain strongly theoretical models for the weak
hyperon nucleon interactiofS0556-28189)04607-3

PACS numbds): 21.80+a, 13.75.Cs, 13.75.Ev, 24.76s

The nonmesonic decagNM decay of A hypernuclei asymmetry parameter is due to interference of parity-
(NA—NN) is the only process through which one has stud-conserving and -violating amplitudes. The relative phase of
ied the strangeness-changing weak baryon-baf@®) in-  two amplitudes gives additional constraint on theoretical
teraction so far. Since the weak interaction does not conserv@odels for the process. However, the precision of the experi-
parity, a complete understanding of the process needs studgent is limited by the final state interaction and magnitude

of both parity-conserving and -violating amplitudes. For theOf the polarizatior{3,4].
weak nucleon-nucleorfNN) interaction, which is a non- Recent sophisticated meson-exchange models of the weak

strange part of the weak BB interaction, one can study onl)PB interaction[5,6] have not completely solved an inherent

: B o ; ; - problem for the NM decay which is a difficulty to reproduce
its parity-violating part, because the parity-conserving part i ro e ; S
completely masked by the strong interaction. Both ampli- he transition rate and branching ratio simultaneousty

: : : The meson exchange model is unable to account for the short
tudes can be'studled with the weak NM decay since r‘Orange mechanism which is important in the NM decay due to
strong interaction can change flavor. The weak NN and hy

leorYN) int i b derstood i Jthe large momentum transfer. A quark exchange model is a
peron nuc eorfYN) interaction can be understood in an uni- natural one to incorporate the short range dynariiesl(],
fied way based on the $(B) symmetry. The study of the ,ih5gh in order to make realistic comparison with experi-

NM decay is thus interesting and informative. One can study,ents the interplay between meson-exchange and quark-
kinematically a limited region of the weak YN interaction exchange mechanism has yet to be clarified. The NM decay
using NM decay. In the present Brief Report we show thafs the only tool to investigate the weak BB interaction be-
many spin observables measurable in the inversgond the NN interaction at present. However, the initidl
pn—pA reaction will open a new opportunity to study the state is constrained by the hypernuclear structure and the
weak YN interaction generally. final two nucleon state is affected by final state interaction
Until recently experimental data were available on total-[11,6]. One wishes to derive a two-body process of the NM
and partial-decay rates of the NM decay. Proton stimulatediecay to understand the weak BB interaction though above
decay pA—pn) gives 1=0,1 final two-nucleon state facts make the derivation difficult.
though neutron stimulated decag/—nn) gives only the Recently it has been proposed that study of the NM decay
=1 one. The branching ratio df(nA—nn)/T'(pA—pn) can be extended by the study of the inverse reactipm (
has been studied for several hypernuclei. Isospin structurespA) [12—14,9. The Q value of the reaction is the mass
studied by the ratio suggests dominancd ofL amplitudes difference between neutron antl (176 MeV) which re-
over thel=0 ones, which contradicts calculations of the quires 369 MeV proton kinetic energy for a free neutron
meson exchange model where dominant tensor-type interatarget. At this energy the strong interaction cannot produce
tion prefers thd =0 final state. Generally the NM decay is strange patrticle; thus detection Af is the evidence of gen-
assumed to be a two-body process due to a momentum transration of strangeness by weak interaction. The feasibility of
fer (~0.4 GeVE) much larger than the Fermi momentum. the experiment is largely dependent on the cross section, for
However, experimental data are affected by the final statevhich several calculations have been carried out. The ob-
interaction and multinucleon mechanism due to the existencserved NM-decay rate gives cross section~af0™ 3 cn?
of other nucleons. This situation obscures the assumption ¢fi2] at the corresponding kinematical region which is
the two-body process and makes comparison of measured10 MeV above the thresholdE(~400 MeV). The theo-
branching ratios with theoretical models conceptually indi-retically calculated cross sections vary almost an order of
rect. magnitude 10%°-10%° cn?, depending on models used,
Protons from the proton stimulated decay are emittedeflecting our insufficient knowledge of the NM decay
asymmetrically with respect to the polarization of [13,14,9. The cross section is very small but the experiment
A hypernuclei. Recently the asymmetry parameter has bees feasible with a sophisticated detector system under prepa-
studied by producing polarized hypernuclei[1,2]. The ration[15,16].
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There are essential differences in the study of gire By this truncation one can have a transparent representation
—pA reaction although the reaction is the just inverse reacof the observables by the following well-known six ampli-
tion of the NM decay. In the inverse reaction one can employudes:

a spin polarized proton beam and the polarization of

A produced by the reaction can be measured by using the a=('S[T|'Sp,1=1P=+),
large asymmetry parameter_ =0.642+0.013[17] of the .

A—pm~ decay. The polarization of the proton beam can be b=('S|T|*Po,1=1P="—),
either longitudinal or transverse with magnitude approaching R

unity. This situation makes various spin observables measur- c=(3S|T|3S;,1=0,P=+),
able in the experiment. Such spin observables give interfer- R

ences between amplitudes of parity-conserving and d=(3S,|T|®D,,I1=0,P=+),
-violating, spin-singlet and -triplet, and isospin-singlet and

-triplet. They will open a new opportunity to study the weak e=(3S,|T|*P,,1=0pP=-),
YN interaction. Here we derived the formulas of the spin

observables and clarify the relation to the amplitudes com- f=03s,|TI3P,,I=1P=—), (4)

monly used in the study of the NM decay.

The generall matrix of pn—pA can be expressed as where isospir(l) and parity(P) of the initial pn system are
follows assuming rotational invariance in the center-of-masgxplicitly written. Using the above amplitudes, the spin
system: structure of theT matrix is given as follows similar to the

one for the NM decay by Block and Dalif48] as

. - l1-0, 0, l1-0, 0, ~ 3+o0, 0,
(swsvip|lspsnipl= 3 (Waspuzsls's)  T=a——p——b——g——(0p= o) pre——y—
SS',LL"JL, L,

e et ~, 1 - ~ \/§(3+0'p-0'A)
X(L'L;S S IM)Y L (p') #0575 (30p Py oy o) res——g
X(1/25,1/2s,|SS) 5
X(LLSSIIM)YE () o= o) P (ot o) P ©
X 4m((L'S)IM;p’|T|(LS)JIM;p).  wherep=p/|p.
1) The differential cross section is written as follows:
do do - - - .
. ) d_Q:d_Q [1+Pp'pAp+PA'pAA+Pp'pPA'pApA
Heres,, sy, sp, ands, are baryon sping,p’ are the mo- unpol.
menta of initial and final proton. In order to calculate the N - T AT
polarization observables, we introduce the following density +PpXp-PAXPA+PpXPy-pAL]- ©)

matrix p: Coefficients of each term are represented as follows:
A=|al?+|b|2+3[|c|?+|d|>+]|e|>+]f]2], 7
e 2 [af?+[ol2+ 3|+ a2+ e+ 12, ()
p=— @ A,=2\3Rd —ab*/\/3+e(c—2d)* —f(y2c+d)* /A,
®
wherei stands for protorip) or A (A) andP, is the polar- ~ Ay=2/3 Rd —ae* +b(c—/2d)*/{3—f(\2c+d)* /A,
ization vector of particlé. The differential cross section can 9)
be simply calculated by taking the following trace of the
baryon spins: Alx=Re —2a(y2c+d)* +2|c|>— y2cd* —2|d|?
+6f(b+/3e)* /A, (10)
d A
g~ TeaTopT'] 3 Aps=Rd —2a(c— y2d)* +2|c|>+22cd* +[d|?
+2+/3be* +3|f[2]/A, (11)
We restrict our treatment ®wave production for th@ A AT =6 Im[af* — (b/\3+e)(y2c+d)*
states to focus our discussion on the relation to the NM de- P
cay. Accordingly the maximum angular momentunidis1. +f(c— \/Ed)*]/A. (12
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In the present reaction we have six observables includinghat violateT invariance also violate parif22], making A;I)—A
cross sectionA). It has to be stressed that all six 0bserv-(p odd andT odd) correlation interesting. These consider-
ables are measurable in the experiment. ation makes the search valuable even though expected preci-

Ap andA, are correlations that violate parity. Experimen- gjon s inferior to the kaon decdyl2,16. It is known that
tally Ay is obtained by measuring differences of the crossspyriousT violation is seen in the\ —p=~ decay due to
section for longitudinally polarized beams final state interaction. The final state interaction has to be

_ _ evaluated for thd violation experiment. This is left for the
_othp=1)=o(hy= _1), (13)  future study.
P o(hy=1)+o(h,=-1) AIE;A is the correlation for the longitudinal polarization. It
corresponds to the spin-flip probability in the beam direction
and is a parity-conserving correlation. However, the correla-
y sl : tion would not give a deep insight to th|n— pA reaction
beam direction gives\, . that has the large parity violation. Experimental data can be

There are nine interference terni8(P=+)X3(P= " yangparently related to the relevant amplitudes in the helicity
—)] that violate parity A, has no interference term between representation. We have six independent amplitudes

J=0 andJ=1 states because spin average is taken in thq(hp, ,hx:hy,hy), which are given in terms of multipole
final pA system. One can thus see five terfdgJ=0)+2 amplitudes as

X 2(J=1)] in the equation.

A, gives the polarization ol in the proton beam direc- c.—\3f
tion that violates parity. It cannot be described by the definite T(1,1;1,)= +—,
isospin of the two nucleons in the initial state because an V2
exchange of proton and neutron is equivalent to the parity
when we average spin of the initiglh system. ThusA, C++\/§f
gives the interference betwedr=0 and|=1 matrix ele- T(-1-1,-1-1)= —F—, (16)
ments and four interference terp2(1=0)+2(1=1)] be- V2
tween the same isospin disappear.

The asymmetry parameter in the NM decay,) is the T(—11:1-1)= —atc_+b, 17)
only interference term that has been experimentally mea- e 2 '
sured so faf19,1,2. Spin polarized hypernuclei has asym-
metric emission of protons from the proton stimulated NM —a+c_—b,
decay represented as T1-1-1)=——7F—, (18)

where helicity is defined als,= o-p~fJ andh,~1 is experi-
mentally achievable. Similarly, the polarization &f in the

(15

W(6)=1+ a,cosé. (149
atc_—bh_

a, has been given as\Bf(y/2c+d)/A assuming the initial T(1-11-1)= R (19
AN system is in a relatives wave [20]. It is essentially
equivalent toA, except for a difference in the initial- and at+c +b_
final-state interactions. Here we skip a subtle issue related to T(-11,-11)= ——,
the convention of phase which is irrelevant to the present 2
argument. It is noticed thak, includes the contribution of
the singlet initial state, which is missing in the formula of
a,. Itis obvious that singlet state alone gives no asymmetry.
However, theAN system buried in a hypernucleus can be
singlet and triplet states whose interference terms make the
formula of &, equivalent to that of\, . c_=c—\2d, (22

There are three double polarization observables. Spin po-
larization is classified into transverse and longitudinal types. b,=b+3e, (23
Al is the correlation of transverse polarization. T
term (S, —3S,) keeps initial polarization although tHel|? b_=b—/3e. (24)
term ¢D;—3S,) flips it. No parity violation appears in this
correlation thus interference terms are restricted to the samaere all h; represent spins of baryons in the direction of
parity. incoming proton momentum. Using longitudinal polarization

A;A is a parity andT (time reversalviolating observable. of proton andA, we can determine four independent combi-
It corresponds to generation of thle polarization in the di- nations of the absolute magnitude of amplitudes, which can
rection defined by transverse proton polarization and protoalso be represented by combinations AfA,, A,, and
momentum. Thd violating correlation being searched for in A"A. One can conveniently obtain expressions of observ-
the K*—>7r°,u*vﬂ decay isp,Xp,-P, (P even andT odd ables using longitudinal polarization by interference terms.
[21]. No search has been carried out for flavor changing-or example polarization gf and A, which are antiparallel
baryon-baryon interaction. So far it is known that theoriesgives

(20

where

c,=+2c+d, (21)
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the reaction is particularly interesting. If the meson exchange
models is insufficient to describe the NM decay only in the
short range region, the models should well describe the long
range part which is naturally associated with fheave part
of the interaction.

In summary, we derived formulas of spin observables in
the pn—pA reaction. Those observables are useful not
only to study the NM decay oA hypernuclei but also to

It is interesting that we can removén Eq. (25), which was s_tudy the V\_/ea_k BB interaction generally. The spin polar_lza-
tion of the incident proton beam can be large and precisely

suggested to be dominant from the phenomenological analy-.ven_ The polarization oA\ is also well determined experi-

sis [18], though it may not be so large in the meson- o' ; .
excr[1an]ge mocgj]els Hereywe have not disgusse d terms relevamfnta”y' The spin observables are affected little by nuclear
: eftects which, however, limit study of the NM decay. The

T . . L e
to polarization of target neutron since feasibility of the ex-~ . : . . .
periment is currently questionable. spin and isospin of theAN system is determined by the

Here we restricted our discussion to the relativeave hypernuclear wave functions for the NM decay though the
which corresponds to a proton kinetic energy OfanpA reaction has no such limitation. The reaction is

~400 MeV, although it can be extended to include highershown to be useful for the study of the weak BB interaction.

partial waves. The present kinematic regime is selected be- T.K. is grateful to Professor K. Itonaga, Professor T. Mo-
cause the NM decay rate can give an order of magnitudéoba, Professor M. Oka, Professor A. Gal, Professor A. Ra-
estimation of the cross section and the obtained result shoulshos, Professor C. Bennhold, and Professor E. Oset for dis-
be useful to understand the NM decay in detail. Howevercussions on this subject. T.K. is grateful to members of the
one can study energy dependence of pire—pA reaction  experimental collaboration with whom this experiment is un-
safely up to proton energy around 680 MeV whéreand  der preparation. The authors are grateful to Dr. R. E. Chrien
kaon pair production becomes possible only for the limit offor a careful reading of this manuscript. This work has been
infinitely heavy hypernuclei. The study of energy depen-partly supported by the Grant-in-Aid for Scientific Research

a(hy=1hy=-1)—o(h,=—1h,=1)
o(hy=1hy=—1)+o(h=—1h,=1)

T -1 - D[ T(- 1,1 1,D))2
T 151 DR+ T(-1,1- 1,2
~Rd(a+c_)b*].

(29

dence will give information on the general structure of thein Priority Areas(Strangeness Nuclear Physiésr the Min-

weak YN interaction. The study of thewave component of
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