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wA scattering phase shifts andCP violation in E— aA decay

A. N. Kamal
Theoretical Physics Institute and Department of Physics, University of Alberta, Edmonton, Alberta, Canada T6G 2J1
(Received 20 January 1998; published 31 August 1998

CP-violating signals in wealg — wA decay require the knowledge ofA S- andP-wave scattering phases
at mg center-of-mass energy. We have calculated these phases in baryon chiral perturbation theory with the
ground-stat& in s andu channels ant%+ 3,(1385 in theu channel. We do not treat the baryons as heavy.
We find 6s=1.2° and §p=—1.7° with the central value of the strong coupling param&erWe also
investigate the variation of the scattering phases as functions of the par@mété compare this result with
previous calculations, and discuss its relevanc€ Bsasymmetry parametergS0556-282198)07717-0

PACS numbeps): 13.75.Gx, 13.30.Eg

[. INTRODUCTION We describe the method and analysis in Sec. Il. The re-
sults are discussed in Sec. lll.
The only evidence to date faC P violation in the six-

guark model is found in second ordgP — K° mixing. It is Il. METHOD AND CALCULATIONS

anticipated that directfirst ordey CP violation will be ob- _ ]

served inB decays. Though the potential for observing direct  1he matrix element for a generic hyperon weak decay of
CP violation also exists in hyperon weak decays, the fieldthe kindB;(5*)—B¢(5 ") 7 is expressed in terms & and
remains less well studied. The sign and the size ofP-wave amplitudes as

CP-violating signals in hyperon two-body hadronic decays

depend on the difference betwee_n the _strong interaction A(B,—Bm) =S+ P(;,a. 1)
phases of theS- and P-wave amplitudes inA—#N, 3

—7N, andZ—mA decays. For decays involving a pion The total rate, for normalization purposes, is given b

and a nucleon in the final state, extensive low-energy phase ' purp 159 y
shift analyses exisf2]. However, for=— wA decay, one R
has to rely on the theoretical estimatesngf S- andP-wave o 4lAl(Eg+me) 5

scattering phases until reliable measurements become avail- I'=G¢'m, W(N +[P[%). @
able from the semileptonic decady — A wev. Martin [3], '
using a dispersive approach, calculates Ehavave phase
shift 8p to be ~—1.0°. Nath and Kumak4], using pertur-
bative tree graphs as the input inNdD method, estimate

The angular distribution is proportional @]

8s=—18.7° anddp=—2.7°. Lu, Wise, and Savadé], us- dr . PR
ing tree diagrams and chiral SU(2} SU(2) in a heavy- gq 1t yei et (1-9)0 0 o
baryon formulation of Ref[6], calculatess=0° and §p= o o
—1.7°. Subsequently, Datta and Pakv§%h extended the +aq- (w;+ o)+ B9- (wi X ), (3

calculation of Ref[5] by including the contributions of ~

§7 . . . _ - R .
?r?i?ail S'Bt(ezr;_n E‘:Stf zitat(:; (ljnfgluhneda\t/r):att)at;]ygﬁv\;‘g\r/rgl;)lﬁggg Ofwherewi andw; are unit vectors in the direction of the initial
shift remains small, ch;l,mded by 0.5°. The authors of RHf. a!"d final spins, respectively. The parameters, andy are
obviously disagree with those of Refig] and[7] on the given by
S-wave phase shift. The agreement among Rigs.5] on
the P-wave phase shift is deceptive since its numerical value 2RgS"P)

is so small. However, significantly, all three calculations a= |s|2+||:»|2 !
agree on the sign of the phase shift.

Considering that the baryons in the de@y- wA do not
involve heavy quarks, we have calculated $hand P wave — 2Im(S*P)
phase shifts in a chiral SU(3X SU(3)g approach involving EEER

an octet of light spin-1/2 baryori8]. The calculated phase

shifts 8 and 8p for wA scattering atE mass are in agree- 1S12—|P|?
ment with those of Lu, Wise, and Savalgdg for the central Y=o =2
value of the strong coupling parameter Thus for 65 we |SI*+[P|
disagree with Nath and Kumd#]. This implies that the

CP-violating signals will be quite small as implied in Ref. The parametew controls the decay asymmetry in the angu-
[5]. lar distribution if the final-state polarization is not measured:
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dr JI(E. + Expandingé and £' in powers ofM one can work outrSA
2 4|q|( f mf) . . .
g - CF My a2 co_uplm_gs. W(_e note two thlng_s a_bout this part of the _t_:alcu—
' lation: (i) the linear@m%A coupling is ofD type only and(ii)
< (1S2+ P12 (1+ al- o). _there are no contact vertices of thg k|€mdnAA). The Igtter.
(ISP (1t aq- ) © is due to the fact that the quadratic terms in the pion field
arise from the combinationgg“¢"+ £794£) which results in
an antisymmetric quadratic term in the pion field of the form
T— - _ a_ _ o (70,7m,— mo0,m,). Because of Bose statistics, this anti-
r=r, @ B==B r=v. © symrlrf\etric Lorentz form has to go with an antisymmetric

Invoking CPT invariance, the decay amplitudes for the 1S0Spin structure, namely, isospin 1. However 1 ex-

decay and thei€ P conjugates are parametrized as follows: change is not permitted imA scattering.
The relevant interaction of th" decouplet (1385 (de-

S=|gle!’st¢9,  p=|P|el(%p*p) noted here by.*) is introduced as follows:

If CP symmetry were respected, thgh|

S=—|Slei?s 49 P=|p|el(dp¢p), @) L,= ggji(a)aﬂqr(a)/\. (12)

The coupling constang is determined from the total

where dg p are the strong phases agd p the weak phases. : : !
width of 2(1385 and its branching ratio td.7 [10] to be

The CP-violating asymmetry parametéX is then given

by g2
_ —=7.03 GeV?2 (13
a+ o 4
A= ——==—tan(ds— dp)tan ¢s— ¢p). 8
a-«a Let us now introduce the essentials of-G * scattering

formalism. TheT matrix is defined in terms of the ampli-

Obviously, the si f th t eded d
viousy, the size o7 tne asymmelry param ePends tudesA(s,t) andB(s,t) as follows[11,12:

on the differenceds— 6p. We calculate the two phaseés
and &p in baryon chiral perturbation theory. We do not treat
the baryons as heavy as they do not involve heavy quarks.

The chiral Lagrangian involving the 0Goldstone-boson . ]
. s . 2 wheres andt are the Mandelstam variables; andk, are
field ¢ and the; * baryon fieldB is given by[8] the pion momenta.

2 The non-spin-flip and spin-flip amplitudet;(x) and

T(s,t)=A(s,t)+ 3 y(k;+kp)B(s,1), (14

f — _
le% (9,3 0*2")+i Tr(By*d,B)—m Tr(BB) f,(X), respectivelyx=cos#6, whered is the center-of-mass
scattering angle, are defined in termsAdfk,t) andB(s,t) as
i follows [11,17:
_TrB Ty gt
+ > Tr B'yﬂ[faf‘g +&T9%¢,B] (E+m)
fi= [A(s,)+(\s—m)B(s,1)],
D 877\/5
+io Tr By, ys{£0"¢"— £'9"¢ B}
2 (E—m)
fo= [—A(s,)+(Vs+m)B(s,)], (15
= 877\/5
+is TrB nel—tore B
2 Vuysl §0°ET—E0EB], ©) whereE is the baryon center-of-mass energy.

The partial waves, .. are projected out as followd 2],
with f_=131 MeV, D=0.8+0.14, F=0.5+0.12[8], and

1 (1
M fle=5 f [PLOOTL(X)+PLLafa(x)]. (16)
S =ex 2'f_ , (10 -1
o If we expandf; andf, in terms of partial waves
where M, B, and B are the standard 0 meson and} "
baryon(antibaryon octets[9]. Under SU(3) X SU(3)g, fl,z(X)=2 (2L+1)f; FPL(X), 17)
S L3R, _ .
then the partial waves we neef,, andf,_, are given by
gHquTzufRT, f0+EfS:f1L=0+f2L=1,
§-UELT=REUT, f,o=fp=Fft" 14,70, (18)
B—UBU". (11 Finally, the phase shifts are relatedft9andfp by
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"\\ A LAY A definitions of the Mandelstam variables
\ A
»
) \\, S=(ky+py)? t=(kp—kp)?, u=(py—kp)?,
/
z Al o= with s+t+u=2m_2?+2m,?, (21)
s 4/ \
/ /A we find the following contributions tdA(s,t) and B(s,t)
x’ A x/ A arising from the spirg* (1190 poles in thes andu chan-
nels:
(@ b
2
FIG. 1. wA scattering.(a) s-channel diagram(b) u-channel As(s,t)=| —=—]| (my+my)
diagram. \/éf1T
1 1
1 s X |2+ (ms?—m,? -
fsp=1c€'%5Psin dsp, (19 2 (m™ =My 5= ms®  u—mg?| |’
(22)
wherek is the center-of-mass momentum. It follows from
Eq. (19) that 2D \? 1
s(sit)= —) (my +my)? 2= 2|
k cot 5sp=Refsp] %, k=—Im[fgp] % (20 J6f u—-my®  s—my
(23)

The second of Eq(20) is the statement of elastic unitarity.
Consider now the processm(ky)+ A(p1)— m(ky) The contribution toA(s,t) and B(s,t) from the spini *
+ A(p,) in the center-of-mass frame. See Fig. 1. With theX (1385 (denoted here by *) in the u channel is

1 t (Mg ’=my?)  my(u+mg,’—2m,?)

Asx(s,t)=—g%(Mgx +mMy){ =+ + +
= * M 3 2(u—m2*2) 3(u—mz*2) 6m2*2(m2*+m,\)

+

my (mzf—mAz)(mz*—mA)]

6m2*2 u— mzi (24)
My (My+Ms«) t
Bz*(S,t)=—292[ 3 em.d) au-md)
m, 1 , , 1 (me’-md?2  m, (Mg’-m?)
- S (U+mg,"—2m,%) — (25)

6m2* 12[“2* 12“2*2 u— mg*z 6m2* (u— mz*z)

As all our amplitudes are real, the first of EQO) implies  small; in fact,f,"~° andf,“~! are comparable for any given
that value ofD. The smallest partial-wave amplitude is the spin-
L flip amplitude f,"=*. For the experimental range d,
—tan 8gp="fgsp, (26) sz_ZO is the largest partial-wave amplitude. Next, the contri-
k bution of £* in theu channel toA(s,t)- =% andB(s,t)-=%1

wherek is the center-of-mass momentum. Note that as am- o ) _
plitudes calculated at the tree-level do not satisfy unitarity, TABLE I. Variation of the phase shifts with the parametzr
the second of Eq20) is not satisfied. Phase shifts are expressed in degrees.

The projection of partial waves and the evaluation of the
phase shifts is now straightforward. The following features Phases D=06 D=0.7 D=038 D=0.9
of our calculation are worth noting. First and foremost, be- 5, 0.86 1.03 1.23 1.72
cause of an almost-complete cancellation between the con- 5, —0.50 ~1.07 —1.72 —2.47
tributions fromA-=% and B-=° in Eq. (15), f,"~° is very
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is significant compared to that &. In Table | we have becomes, in effect, zero range. All scattering-angle depen-
tabulated the value ofs and §p as functions ofD. As for  dence, now arising from the vertices only, becomes of finite-
the P-wave phase shift, it remains negative and small in theorder-polynomial form in co®. Because of the derivative
allowed range oD. For the central value d=0.80, andg coupling of the pion field, the numerator of tie matrix
from Eq. (13), we obtain at/s= mz takes the following form for the, intermediate-state dia-
grams:
8s=1.2° and p=—-1.7°. (27
S k1S k=7 (v-kyv-ko—Kq-Ky)
1. SUMMARY AND CONCLUSION

: =2 (kK2 —kq-kp) = % Ky ks, 29
The S- and P-wave phase shifts calculated here are con- s (kike—kiko) =7 kavko 29

sistent with those calculated in Ref$,7] and disagree with _ _ _
those of Ref[4]. They depend on the parameter The WhereS is the spin operatof6]. The structure in Eq(29)
CP-asymmetry parametek would, therefore, be small as evidently gives rise td®>-wave scattering only. Th&-wave
suggested ifi5]. amplitude vanishes strictly. ThE* intermediate-state dia-
The fact that we obtaids~1° for the allowed range of 9ram also generates onB-wave amplitude because the nu-
D, and Ref[5] calculatesss=0° is not too significant. In merator of the spirg- propagator in the heavy-baryon limit
our calculation the smallness % results from an almost- reduces to the fornd;; , wherei andj are spacelike indices.
complete cancellation between two relatively large numbersThus, in the heavy-baryon limg-wave scattering amplitude
(In contrast, the smallness @b is due to small individual ~Vvanishes, andP-wave is the only other partial wave gener-
contributions) The vanishing ofss as calculated in Ref5]  ated. We emphasize that the vanishing of $heave ampli-
can be understood as follows: In the heavy-baryon approxitude is not simply due to the derivative coupling, but the
mation adopted ifi5,7], the baryon propagators are simpli- derivative coupling and the heavy-baryon approximation.

fied according to the fo“owing rep|acements: This VaniShing of the amplitude OCcCurs |nd|V|dua”y fEF
andX* -exchange amplitudes.
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