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Effective Hamiltonian approach to hyperon beta decay with final-state baryon polarization

S. Bright and R. Winston
The Enrico Fermi Institute and the Department of Physics, The University of Chicago, Chicago, lllinois 60637

E. C. Swallow
Department of Physics, Elmhurst College, EImhurst, lllinois 60126
and The Enrico Fermi Institute, The University of Chicago, Chicago, lllinois 60637

A. Alavi-Harati
University of Wisconsin, Madison, Wisconsin 53706
(Received 12 July 1999; published 8 November 1999

Using an effective Hamiltonian approach, we obtain expressions for hypg@rdecay final-state baryon
polarization. Terms through second order in the energy release are retained. The resulting approximate expres-
sions are much simpler and more compact than the exact expressions, and they agree closely with them.
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PACS numbe(s): 13.30.Ce

In decays such a& ~—Ae v or the recently observed  HereGg is the Fermi coupling constar,,s andV,4 are
[1] =0 .S *e p the decay form factors can be probed bythe appropriate Cabibbo-Kobayashi-Maskawa matrix ele-

observing the parity-violating polarization of the final-state MENtS, and\S denotes f[he strangeness change in the de_cay.
baryon via its two body decay modeA(-pm~ or 3* We relate the transition matrix element to an effective

—pm° respectively. In addition, other kinematic distribu- Hamiltonian by
tions can be evaluated in the rest frame of the final baryon. _

Early analyses of hypero@ decay with final-state polar- M= (be|HerlBr) V2622My(Eg+ M) @
ization observed were restricted to the zero-recoil approxiywith
mation[2] or were limited in scop€3]. More recent detailed
treatments exidt4,5], but the resulting expressions are quite V2 -
opaque, and, as a result, the physical content is hidden. Also, & Heft=Gs5 (1~ 01-€)[Gy+Gpoy- oy
experiments are not likely to require exact formulas within
the foreseeable future.

Using a method introduced by Primakoff for muon cap-
ture [6,7], we keep only terms through second order in the
recoil VEIOCity of the initial baryorﬁn the rest frame of the Here é and ;} are unit vectors a|ong the electron and an-
final baryon. A similar approach has been used to derivetineutrino directions, whilee, v, andEg are the energies of
expressions for the case of a polarized initial bar{@h the electron, antineutrino, and initial barydall quantities

The most generaV —A transition matrix element for the  are in the rest frame df). The spin operatore; and o, act
generic hyperorB decay proces8—be™ v can be written respectively on the lepton and baryon statepresented by
[9] in the form two-component spinoys

The effective coupling coefficien,,, Ga, Gp, andGp
are functions of the form factors in E¢R):

A 1 -
+Ggﬂ'b‘e+G;0'b'V] 5(1_01'7/). (4)

2 _
M= ngub(OXJr O’g)uBuey“(lJr ys)v,+H.c., (1)
v+e

where Gy=fi+6f,— —ZMB(f1+Af2),
OV:f +f_2 B+f_3 v—e
a 1Ya MBUan MBqa! GA:_gl+592+ M(fl—’_AfZ)v
92 Js3 e
A_ =< By =Z° _ _ _
O, (917a+ MB"an + MBq“ V5 E_ZMB( (f1+Afy)—0g:+A0,),
q“=(PetP,)*=(Pg—Pp)“ 2 v
) Gh= 5y (f1+ AT~ g1 +Agy), (5)
and B

where 6=(Mg—Mp)/Mg and A=(Mg+ M)/ Mg=2-16.
Since the form factor$; andgs always appear with a mul-

GgVyq for AS=0. tiplier of the electron mass divided bylg, they are ne-

| GepV,s for |AS|=1,
=
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glected throughout. Note also thBt and g, always appear
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~ 2 o :
multiplied by a quantity of ordes, so theirg® dependence is 2 1 &, A% 7; &
not relevant to our orde#? approximation. However, thg> 5 16 & 1 os :
dependence of; and g, does need to be include@] in & 17 £, | 025 B :
calculations to maintain a completely consistent order of ap- ] E %, Y 0 -'-'::..,‘ .
proximation. 08 B, & 025 .
Electron and antineutrino spins are not usually observed o6 £ % & 05 e
and this analysis focuses on measurement of the final baryo 94 ".,' ‘.“' @ 075 ®)
polarization. We therefore sum over the electron and an- D‘ﬁ L R S P T
tineutrino spins and average over initial baryon spin: 2 4 0 1 2 2 4 0 1 2
9,(0) /1,(0) 9,(0)/1,(0)
2 [(belHerBr)[*=(belHeHigbe) (6) < 'F o |
v spins, B spins 0.75 5’ ,3*‘"'*'.'::.. 0.75 e .,;‘&f-"“"
05 F 3 Tyl 05 T R
and 025 £ ' 0.25
oF . 0 A
2 (belHeHiglbe) =TI (1+ o Py HegHigl. (7) 025 ¢ ' 025
e spins 05 B, . 05
o _ . . 075 £ ""‘::;:::‘ © 075 o)
By projecting out the spin of the final baryon and taking 4 E . . . 1. ... ... R T T
the trace, we obtain 2 A 0 1 2 2 A 0 1 2

|M|2=¢[1+ae- v+ AP,

+A'(Py-e)(e-v)+B'(Py-v)(e-v)

e+BPy- v

+DPy- (eXv)](2€)(2v)(2Mp)(Eg+Mg)G3,

£=|Gy|*+3|Gal*~2R4 GX(Gp+Gp)]

+Gg2+ G,

¢a=|Gy|*~|G,|*~2R4GA(Gp+Gp)]

+|GE|?+|Gp|?+2Rd (GF* Gp) (1+e-v)],

¢A=—2Re G Gp) +2|Gal*+ 2R G G~ GXGp),

£B=—2REG}Gp) — 2/Ga|?+ 2RE G} GL+ GG,

(A'=2R4Gp* (Gy—Gp)l,

£B'=2R4Gp* (Gy+Ga)],

ED=21M(G5G,) +2 IM(GEGL)(1+e-v)

+2IM[GX(GS—GY)].

8

6,(0)/1,(0) 9,(0) /1,(0}
FIG. 1. Integrated observable quantities for the de@Y
—3*e v as a function ofy, /f;: (A) the total decay rateus 1),
(B) the polarization of thes ™ in the e~ direction S.=(Py-e)),
(C) the polarization of th& * in the « direction (S,=(Py- a)), (D)
the polarization of th&™* in the 8 direction (SB=<Pb'B>)- The
stars ¢) are zero recoil values, and circle®) are values obtained

by numerical integration of appropriate parts of E¢®. and (9)
(correct to ordets?).

whereS;=(P,-i) is the average polarization df in the i
direction. Conceptually, it is advantageous to employ the or-
thonormal basis

e+v
\/2(1+é-13)'

A e—v
=T
2(1—e-v)

y=axp. (12)

a=

Experimentally, it may be more advantageous to determine

The polarization of the final baryon may be expressedne polarization components along one or more of the outgo-

explicitly as

(A+A'e-v)e+(B+B'e-v)v+Dexp

b=

The components of this polarization can readily be measureffcil values for the dec
when the outgoing baryolis a hyperon which undergoes a
subsequent weak decady—b’'w with a non-zero decay
asymmetry parametet,, . The distribution of theb’ direc-

tion relative to any axis defined by a unit vectads given by

1 dr 1

ngb, 4

1+ae v

(1+Sia’br,i\‘6\,),

9)

(10

ing particle directions &, »,b).

To gauge the importance of the recoil contributions, in
Fig. 1 we compare values of several integrated observables
calculated from our expressions with the corresponding zero-

ag—3 "e v. For these calcula-
tions, we assume®,,=0.2205, f,(0)=1.0, f,=2.6, and
g,=0.0. Comparing values of integrated observables ob-
tained from our expressions with exact values from tables in
Ref.[5], we find that the decay rates agree to better than 1%,
and that polarizations and asymmetries agree to better than
0.004, the differences being almost entirely due to terms of
order 6°. We have not included electromagnetic corrections,
which are discussed in RdB].

117505-2



BRIEF REPORTS

Finally, we present the analytic expressions for the inte-
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8 8 16
grated final state polarization to ord&in the final state rest RSz= Ro[ (g —45) 9i— (1—55> fi- (1—55) fif,

frame, assuming real form factors. The ordérexpressions,

except for theq? dependence of the form factors, can be 64 )
obtained by adding thé(5?) terms given in(11]: ~|159/9192| TRSE(5%), (12
2 9 2 h
R=R, 1——5 fi+ 3——5 97— (46)919, |+ R(6%), where
. n _ Cs(OMp)°®
5 5 10 As can be seen in Rdf2], the zero-recoil §=0) expres-
_(3 5)f fot|= ) f,g,— <_ )flgz_(gg)glgz} sion for Sg (S,) is the same as thgt for the neutrifelec-
tron) asymmetry for a polarized initial barydb]. Also, RS,
+RS,(82) depends only oV XA cross terms, an®S; depends only
€ ' on VXV andAXA terms, as required by a theorem due to
10 ), 7 1 ) Weinberg[10].
RSVZRO _2“1‘_5 gl+ 2__5 flgl+ _5 f i
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to R,RS,RS, RS, andRSg, respectively, in Eq(12).



