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The possibility Lo measure contributions of the structure
and interference terms of the amplitude of emission for a photon
with negative helicity in the K*->u*vy decay using data of tLhe
Fermilab E761 hyperon experiment is considered. -
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1. INTRODUCTION

. The radiative decay K*->1*yy (1*=e*, " - provides

- interesting information on the properties of ‘hadronic weak

currents. Since the final state strong mteractions are . absent
it is posslhle to probe the kaon alect.mweak structure in the

-most pure way.

~ The following processes ccntribut.e to t}us decay the

',internal bremsstrahlung (ID), the structure radiation (SD) when
the photon is emitted. from . intermediate siates governed by

strong interactions, and the interference term belween them
C(INT). The structure decay amplitude (SD) can be written in

 terms of vector (Fy) and axial (F,) form factors which are
-considered in.a number of papers (see Tab.1). The SD component
" consists of twoterms SD_ and SD_ which are. proportlonal to

th»FAl and IFV-FAJE ‘These terms correspond to- emssmn of
photons with positive and negative helicities, respectively. The

- 3nterference component (INT) also consists of two parts which
-are proportional to [Fy+F,] (the INT, term) and [FyF,) (the

INT_ termd. So t.he b;"anchirxg ratio of K'->utwy decay can be
written as [8]:

WK pt) = "m . 4 9-10 %ccerA)z + thw Aua) -

- .
where Wrp depe ends on a photon energy cut. For mstance wIE:(;Er)lO

" MeV in the centre of mass system (c.m.s.) of kaond=4.3-10 It

should be noted that the measurement of the INT Lterm is very

. important for determination of the form factors since one can




.. magnitude. However, in the case of the
. practically impossible to determine the sign of the form factors
because the INT and IB terms sre neglxgxhly small couparsd with

determine a sign” of the decay amplitude as well as its
Kevr decay mode it -is

the structure emission (81:
WK e o) = Wy + 6.8-107MLFF 2 + (Fy-Fo) -

.~ N . _B . . .
- 4B 10 KFPFIN + 80310 R FPN: @

Wp(E10 MoV in c.ms. of the kaon)=1.17-107".

The pcssibxlity of msm'mg the INT term is a - unique feat.ure

of the K'->u*uy mode.

Only few experiments have been done so far. For the Kwr
mode two experiments were performed at the CERN PS and ‘the
values of the form factors were obttined [103:

IFy+Fpl oM = 0-153 £ 0.011, « I

IFy-Fyl oM < 0.5 . ’ ' ' -3
For the K mdefm-nt‘actorshawebem mswed at  the
KEK (111 M

IFysFal oM ¢ oz, SR VCh):'
25 C(FyFp M <03 S e
andI"ﬂ-?exwkants[lZl . -
,-1Z<CFV¢FA)“HK<11,1 .o (B
2.2 <(RyFp) M < 0.6 . -

Although the Kew e!penmt (10] has given a strong constraint

on the magnitude of Fy+F, (3a), an uncertainty of Fy-Fy is still

o largomdmcwldmtmdepamemwdemrm the values of
- the vector and axial fora factors. - -

The result (3a) agrees- within t.n st.gndart. dwiatims
with a prediction of the chiral theory [8}: Wvﬂ-‘ Nk=0 134. For
the value of Fy-F, the theory gives [Fy~F41¥=0.048. This value
is by one order of a magnitude smaller than the present
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expenmni.al limt (2-&) As we am show the experiaent.al data .-
obtained during the 1990 exposure of the E761 apparatus in the
Fermilab hyperon beam [13) can be used for msurenents or SD_
~ and INT_ Lermmthex*-muydecay

1 no’? KAON F

A simplified E761 experment.&l set up 113‘1 (t.he Fig.1) -
"has been used to estimate a geometrical efficiency for decays of
beam particles (Z* and K"J Parameters: of ‘the setup are
presented in Table 2.

On the first step we have simulated the wmissing neu*.ral

" mass squared’ )ﬁ distributions for the decays I*->p + X (X = 7,

n®). These distributions are shown on the Fig.2 and are found to

" be in a reasonable agreement with experimental ones E751 ’!,13}.

Then we have simulated the rﬁ distributions for ot
K'->utn®v and K"->e n°v decays (X=r®, n°») assuming  My=Ms and

. the masses of at, 4t and e* are equal to* These distributions

are also shown on the Fig.2. We have compared the distribut.mn g
for a sum of all processes with the experimental data [13] ‘and .
estimated of the ratio of K* and E* fluxes as follows: NeNg ¥
10,5. Note, that in the Fig. 2 we giye numbers of observed events

in t,he region -0.03 < }ﬁ < 0.06 Geva/c:‘l For further analysis we .

have considered the above decays over the total’ P§ range
together with the K ->utvy decay “These dlstributions are shcwn
in the Fig.3. :

7* yﬁs(PZ-Pl 2, where P1 is a  four-momentum of the" mcoaing S
particle, and. PZ is a rour—mnentm of ‘the charged parucle‘

from the decay. ' _ .




'l'o select. the K -)p vr event.s ve have _made t.he t‘ollowmg

- cuts. Cor » :

At first we note that the 2*->pn and Z*—)pr deca: are

found to be falling into the region [-0.03,0.081 GeVe,c* (see

Fig.3). Excluding this region we discard backgrounds from ‘the
£ decays and only a small fraction of the I(+ events.

‘ ’ Secondly we consider the kaon decays wi{h a n°, The Table

3 lists calculated fractions of K*->n*n®, K*->u*n®y and K*~>e*n -

events with different combinations for y detection, using ‘the
" geometry of the E781 photon detector CPD) shown in the Fig.1

{131. These decays can be treated as a background when one of .
the n° decay photons hits the region (b): and another escapes

detection in the region (c). Such combination takes place only
for primary kaons with an angle 8 between its momentum pK and
the beam axis more than 1.1-10 3rad as it is shown in the

Fig.4a. The fraction of-all events with 8 < 1.1-10 -3 rad is .

" estimated as f3=0.729 (Fig 4b) and we use this cut to eliminale
background from K*->n"r®, K*->u*n°v and K*->e*n°v decays. - After
.applying the above cuts we consider possible backgrounds as
negligible and further analyse only K'->u*uy decays.

© 4. K*->y*uy DECAY ANALYSIS.

"“y";,‘l’o’ estimate the number cf‘l(pw events. (N;} from each- (1)
term (i=1,..,5) we use the foﬁo.wi_ng formulae:
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N - el Br(i(yw, Lterm)
NE-pr) 2’3‘ BrCZ"-)pr) *

where

‘N(E"—)prkﬁ“r’!( ~ the estinated number of observed of Z*-)py
‘decay event.s 1133; :
Br(Z*->py)=1.25-10"3 - the branching ratio of the 5:* )pr
decay 114]

: NK’"Z = 10.5 as estimated above 1n part 2;

b= 51o3anda§-os44—the fractmnsofx“amz*

decaying in the decay region:

cg = 0.6 - a geometry efficiency for the *->pr decay; .
e:,é - a geometry ef‘ficxency for the 1-t.em of the KMdecay_ :
’ (Table 4); '

cui. - a survival rat.lo for the uterm of the K decéy
after the cuts (Table 43. -

- The branching ratios of the SD, and INT, terms in t.he K, mbde

have been calculated using the formula (1) and the exper.lment,al '
value of |Fv+FA]MK=0 153 (3a). For the branching ratios of the

_ SD_ and INT_ terms we have “used the ‘value predict.ed by the

chiral theory {9} |Fy=F 5 [M=0.048.
< A struclure emission from the K" ouy is also. expected to be
een in the experiment. There is no need to. separate the K
" and X3 SD contribytions in the experiment since.the same ‘Torm_
factors describe the structure emission in these modes.:: B
: Taking a known value of the branching - rat.wr. offi,"»‘.. he

xew”(sm term [14], 'the theoretical predxcuqn' ofér




U Ry, ole 197 and the efficiencies afver tiw, cuts. ibave; - L
L we tomumframsn tcnmdlimnts~

fra_n the SD_ tera (Table B

o ‘nnumproblur-modis to suppress t.hl K* (IB)"
mhmmfaﬁtmtmmkmcn.s the aviour -

-of the IB tera strongly differs from that for . other terns. In
‘the Fig.Sa-e two dimensional plots of a muon momentum P, »&rsns
,aphot.onmtun? 'in the kaon c.m.s. are presented. ﬁ.

 the region on the p,p, plot (Fig &) where the value Fy-F,’ Cthe

sum of SD_ and INT_ contributions) will be measured with minimal

error. For this region an estimated mumber of events- dus to :

Lbese t\vo cont.ributims 1$
mcr‘,—rgq{; +sucrv-rAnk:aa+f— AT -

s ‘Bure are twa soluuons for t.ho value of (FV—F }lfK
shown in Fig.7 togct.her with the results of others experiments.
The first solution ~0.8 <(Fy-F) )M« -0.7 is oxclud!d by the CERN

data (107 and tinal!y we will have: , _

o«rv-fb_rgummxcz.,

Thm lmt.s are scveral t.i-es ‘lower. t.hm t.hq p'esmt. ones (3—5).

_ _ The possibiut.y of lsasurtng the K*-)p vy decay is:
" considered.in the hyperon bean E781 expertment. It is shown that

' the structure: enisston ferm factors can be measured vith snvnrtl
unes better accuracy than in the previdus uparlnmts. kS

‘ asxa%vlog.d.
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Tahle 1. ’Theeretmal predict.icus for t.he fon uctors in t.he

' imodel 6]
' ; }:he chiral

n“table t yeF,Fy

PR

) _ K—>Lvr,
N S ‘F‘O)NKHOLa an uncertainty afEO%anses
Fytot Trom varzety gf SUC3)
: vgaia schenes S
| - o5 W, = 1260 MeV
- - m={° m "5‘ Sy
0.0 | iy, = 130 RV
B OY A .{u (21 | variety of S violation
b KA ‘ b’l 58 . scheneg :
- jdominance; o T :
{dispersion |r{-{0 e 2] {a soft-kaon approximation
' ,Lelzt.;c‘m‘s, - . | |
s {lr1=0.14 131 |a hard-kaon approximation
the . IFyM=0.084 :
- jeleciroweak . current algebra, PCAC
axm'vectof F =0 O‘a S
lapomaly 41 |FaMg=0.0 R
~|the virton - : taking into account .
Juark r=02 k-0, (1280)- exchange _
{Fy+F IM4g=0. 134
theory . [8] ¢
d [Fy=F IMg=0. 049




" Table 2. Parameters of the ET61 set up.’

1. a length of the decay region T 4R e
2. a length from the start of the decay 328478 cm
.region to the PD. e
3..a size of the PD goxgo cn®
~ with the hole 7.8x1.5 ca?
4. %, K* beam momentum 1’375 £ 20 GeVrc
5. =', K bean mean angle spread : ‘10"3j rad
e a momentum measurement error _ -
of the primary £, K* beanm Q.7T% (oY
7. a momentum measurement. error ; .
~ for the secondary charged particle 0.2% (o)
8. an angular resalution for the hyperon 12 wrad horiz. -
_ bean particle X : B wurad vertic.
|8, an angle resolut.ion i'or the secondary 9 yrad horiz.
charged particle . - .8 urad-vertic.
|10. the trigger is v L S e,
& charged part.:.cle in t.he hole
(the region a) and, ‘ EARSCIRY
‘. one or more y’s in thePD Ct.he region bY | E, 2 56eV
11. MZ -pp) 6.7-10%
. K-> 48107

Cgd
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Table 3. Fractions of the K*-decays with different combinations

of r's detected in the photon detector.

_ 1y in (B 7y in (b 7y in-(b)
rp in (&) ¥z in (b) ¥p in (c)
K*on*n® 0.894 0.105 9.9:207% -
K-> noy 0.902 ~0.087 8.9:107%
K e nty 0. 891 0.108 1.0310°3

Table 4.C6ntribut;oﬁs

of ihe various terms of the K*'->u*uy

decay.

i |Term £q Ecut Branching ratio | Noyents
1|18 |0210 |0.48 4.3:107° £ 510 Mev| 2451

2 | sp, {0.354 | 0343 1.15:107° 7.8
[T [0.323 |oe6a:z 0.12-10° 9 1.4
471 INT, [ 0.285 | . 431 1.53:107° 12.4

5 | INT_| 0.308 | 0.615 3.53-167° 37.4°

Table S.Coﬁtributions

of the SD, and SD_ terms in the K'-de*uy

decay:
Term‘ €q Eout Bran:nlgg ralio Nevents
je | sp, {0.323 0.3 1.53-10°° 8.8
3 |sp.|0207 ]o0.63 - 0.16°107° 11




T*, K* beam ' g '
i P ¥
A ;
The decay Region FD l /
‘ 5
‘ b ¢ We denote: the hgllb_e . = g
- space outside of the PD. - ¢
Flg 1. A smpleled 8761 experiment. set up and a t.ransverse
.projection of t.he phot.on detector (PD). : .
\}\
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