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Thep6ssibility to lIl~aSllre contribulic>osof tM structure
 
and int.erference t.erms of the amplitude of emission for apholon
 
with negative heUcily in the K+->,.'+vydecay using data of the
 
Fermilab E761 hyperon exper iment is considered.
 

1'i8- .. ." ret... 1. 

t
 



1. -'IMTRODtmIQR 

.It­
·Tha radiative decay ·X"'->l+Vy Cl+=e+, ,.,+) provides 

ipteresl1ng1r1formaUon on .the properties \ of' -badron1c weakiJ~ 
CUl"rents.Slnce t.he final state strong interact.1onsare absent,. 
it1spossible t.o probe t.he .kaonelectrowealcstruct.ure 1n t.he 

.' acsl .pure way_ 

The following proCesses contrihule 1.0. this decay: the 

,internal bremsstrahlung (IS), the structure rad1aiionCSI» when 

,the photon is emlted, from intermediate states governed by 

stronglnteractions. and the, interference term between them 

(INT).. The structure decay amplitude CSD) canbewr1tt.en in 

terllS.of vector (rVland axial CFA)fol'1ll factors· which are 

consider-edina number of papers (see Tab.·1). The SD component 

conststsof two~terJIISSD+ andSD_ which are proportional to 

fFy+FA12 and·lFV-FA12 . Thes~ terms correspond to . emission of 

photons :WiLhposit.ive and negative helicit1es,respectively.The 

Jnterference component (INT) alsoconstst.s of t.wopart.s which 

;: /- .areproport1onal lo;[FV+FAl Ct.heltn'+ - term) and !FV-FAl (the
J', / 

'....:	 INT_terllO.$othebcanchilag rat~oofK+->~+vr decay can be 

writ.ton as [Sl: . 

WCK+->"'+t.75 =W1B +,.9·10-~«FV+FA)2+ (Fv-FA)G) ­

... 10-.({Fv+FA)Mtc + 7. 2·10~4(FV·-F'A)'\: (D 
where W1S depends on a photon energy cut. For instance W1SCEy>10 
MeV in the centre of mass system (c.m.s.) of kaon)~4.3·10 3. Ii 
should be noted that. t.he J:lea~urement of t.he UrI' term is very. 
important. for determination of the forlll factors since one can 



2
 

det.eraine a: slgn- of the •.' urpl1ttide as -.11. as, its
 
ugni t-ud8. Howver.1n the easeoft.he.lel!rdlcay !IlOde. it·is
 
practic&ll~·.t!IPOSS1ble todeterJli,ne the Sign or t.be-. fora factors
 
because the nrt and IS t...... ..,-. negligibly ~l ·COIIPMed·.w1th
 
t.hestruct.ure -usion [81:
 

wn::+->e·+t1f) =- "m-+6;5.io~0"y+FA)2 .CFV-F.A,2) ­

_.... 6.10~rV+FA}"K+8.03.10-8(FV""A)",; (2). 

WxS(ryl0 MeV in c~a,; s. of the kaon):1.11·10-T. 
/'n.. possiJ:Ii11ty of~ing the m tEtra 1s a W'tiqlJ8fea.t.ure 

of the [+-~"'uy mode. 
Only r. experi"~ hav.· ~ done $0 far. rqr ~ the K~·
 

IDie lw esperi-.nt.$. were perfcned' at the- CERB PS and 'UW
 
values of t.hefora fac~ were obWned £10]:
 

l'-v+F.\1 (8JJ\s Q. 163' .± o~· 011.. .(]a) 

IFv-rIJeetl\< O.!f . C3bJ
 
F'or the KJ.N7 JIOde. Cora factors have' been JleaSUred at the
 
m [111 ". .
 

CoW .fFv+FA1t.J\ <O.~.
 
-:.a 5 ( (FV~It)(JBl\: < 0.3 C.&b)
 

ancf rr£Pexperi.1lJnt.s [121
 -
-1',2 < CFy+FA) CIoD"K < 1. 1 ~~ CSIJ 

-2.2 <~(Fv-FA)C$DMt.< 0.6 .. ' '" '. C5bl
 
Although lhe~f experaent [lOJ.has given a strong coastraint
 
on the .agnitude or 'V.YA (3a). anuncerwnty ,of Fv-FA tsst!ll
 
large. <me could not. tDdepeIdeutly,deteI"mBe-' t.h& values 'of
 

-" .. •,~ . the ~·anr1·U1al~rorafact.crs· . '.' .' '~. . 
The result ,(3aJ agrees w1Ul1rit._ st'~rt."iatoiOnS
 

with a prediction of the chiral .t.heory £91 : fFv+1A11\=0.134. For
 
the"value of FV-FA the theory gives rF'V-FAIMr<=O.049. This value
 
is by one order of a magnit.ude smaller than the present
 

.~ 
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e~i-ment&l limit '(2-4)., As.wt,l1 shOw t.lteftpet1aWmt.al data. 
obtained duri~t.bel~ ~e. 9f thetnn apparatUs in ~he 
Fenallab hyperdn btwa.l131 .can: be .used .for measur-.ents of SD_ 
and Dn'_ tens bit.he K+">I-I+VY d8eay.. 

2. AN;ESTIMATIOH.or nm'POR fj.YX. 

ASimpl1fiedE751 experimental set. up £131 ,tthe rig.1) 
has, been used t.o estimat.ea' geometrical efficienc:y for decays of 
beam ,partiel~ Ct+ and r,. ,Parameters· of' the~t.Up . ar-e 
presehted ''"in Table '2. . - ~- . , 

On t.hefirst siepwe have simulat.ed the Ilissingneutral 
:mass squared*·~ dist.ributionSfor the decays r ..>p ~. X ex = .i. 
Jr.). These distr ibutionsare$hoWll on t.heF:1g. 2 and arefouridtc 
be ina reasonable agreement with eXpeiilllent.alonesE761 113J . 
'Then:e have ~imu~ated the .'~" ~istributionsror .r->1f+no. 
r-"'>FJ',nov and·f( ->e nOv deoayseX=no. ,nOv) assuming' ·"t<~and 
the masses of 1(+. FJ+ arid e+ are equal to'Mp. These distributions 
ar'e also shown on the Fig.2. we have compared the -dist.r'ibuliOh 
for a,sl,IJDof allproeesses 'with the experimental data ri.al 'and 
estimated of·t.he rat.io of K+'andt1- fluxes as; follOW$~ ~/lft ~ 
10.5. Note, that in the Fig.2we give nUmbersofobservedevem.s 
'in the region -0. 03 <~ < O~ 00 GevG/c4. For: furt.her arialysis'~ 

. have	 considered t.heabove ~ys, over the'total' ~ ' range 
together withlhe K+"">FJ+vy'decay.Thesedistribut1onsare shown 
in the Fig. 3. 

~-

/' 
A /-~* MR='(Pa-Pt}Z; wher~P1.1S a 'four-lIlOJJlentum. ,of' the incoaing 

\"....... . particle,andPZ isafour~~nt.UIl of '~ ,charged Jlart.icle­

from the 'decay. 
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To selectt.he K+~>~+Vr event.S weha~' made the- following 

cuts. , . ' 
At. first we notet.hat. the r-_>pn0 and r;'>pr decays are 

found to be fa1l1ng int.o the region [ -0. 03.0.061 GevC-/c4 Csee 
Fig. 3), Excluding this region we· discard baclcgroundS from .the 
Z+:~ecays and only a ~11 fraction' of the ~~v events, ' 

SeconcUy we consider the kaon decays With anq~. The Table 
3 lists calculaledfractions of K+->n+no .. 'J(+->#/nov and K+">e+"ov . 
evenlswit.h different combinations for r detection. 'lsinglhe 
geometry. of theE161 photon' detector CPD) shown in the Fig. t 
(13], These decays can be treat.ed asa background when oneoC, 
the nO decay photons hits the region Cb) and another escapes 
detection in the region Ce). Such combinati.on lakes place only 
for primary kaons.with an mgle 8 between its momentum PK and 
the beam axis more than 1.1°10-3 radas it is shown in the 
Fig,4a. The fraction of.alL ev~nts with 8( L 10 10-3 - rad is,' 
estimated as 13=0. 729 (Fig 4bJ ind we use this cut to eliminate 
backgrpund from )(+->n+no. K+~>~+nov and )(+->e+Rov decays. ~ After 

.applying t.he above cuts we conSider possible backgrounds as 
negligible and ~Uithei analYse only K+-)~+vrdecays. 

--'-­
:'>',ro est.imat.e the.n~of' K~~ event.s, CNi ) frOll each- CD 

term (i=l"" ~5) wuse the f'ollowing f'OiJllUla'&: 

.. .~_...............
 



5 

rr " 
i 

N(~->pr) 
~ :: . >-it­
.~.L 

~K if, BrC·K·'" t-,\ .""d &0 ecut. . MIff' ,1' erJUJ
•'--:rd·.-:2..: 

9 
" -­

... c: ' BrCT- >pr) : 

where 

tier-->pr).:61K ._. theesti~~ed .number of·obser'V~or r ~ >Pr' 

decay events r13] ; 

Brcr+-;py):L2S-10-3 -the branching ratio of thet+->pr" 

decay 1141; 

, NK/Nt :;; 10.5 as estimated above in part 2; 

.~~= S'10-3 and c~.= 0.844 - the fractions of r and r 
decaying in the decay region; 

~~ =0.6- a geometry efficiency for the .it->pr deCCiY; 

~~ - ~,geometryeff1ciency for the i-term of the K~decay 

"('table 4) ; . 

f;~ut - a survival tat.1o for t.he i"'ttermof the '~fJVr decaY 

after the cuts C.Table4i. 
The brancbing ratios of lheSD.,and INT+ terms in the KfR,;ymode 
have been calculated using the formula (1Janet the experimenta! 
~alue of IFV+FAJ~=O.l53 C3a).For the branching" ral'ios_of the 
SO_ and INT_ terms we have 'used the value predicted by the 

. chiraltheory [91 : IFV-:-FAJ"\c:O. 049. 
,/' A st.rud.ure emission from the K:Vy is also expect.ed 'lobe 

,'"/een in the experiment. "There is no need to ,s~parate the K.~vr' 
.<:: /' ~K:Vy SD contributions in the experiment $ince.,.the SfEtorJ!l, 
"'"factors ~scribe the structure emission in .these modes, ~, ;~ " ::,;: 

','T-aking a Jcnown val~of the branching ratiri,: or~tJW 
K;vyCSD...' . 'term ['14). - "the t.heoretical preCUct1~:~~;, pfir 

:.~ < , • • 
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, ••••.. J~' ." . ~ 
. '.r: .' ••.. ,", :1, . .~ :'1 

'i:'_'.;.~~.; ~.": .. " .: _.':. ,.;~ ....•. ~. ~ 

.' .IF~.lj!ll fwf':ia4 u,,;otri.,looOt..~ ...;~~'" ... - ,.] 
.- .. _to~ •.', ......:tr_t~.~tir.and1.1 M!rt.s. .' .• 
rr. the· SlL un. (!-.au- m~" '. ". :,j 

.. '1M ~1nprOb1. r_l.ist.o ~ '.'u.~ 1+ (Ill
 
~~ lit .UN t.h8-tact. that. tn t.he Oaft' c; .. s. thif ~10Ur.
 
ot theIB twa strongly differs f.-. that.: tor Olh.rter.. Iii
 ....u.. Fl,;.~ "wocl~lCHla1'" pl~ot .mon~.. ,·.. ~. .' 

a.photon-"'~PriJl t.hebonc.•. s. ar. PteSen~.·~ ,found ..
Ute· reglonon U- p,.,""P platen, 6) where. t.hf!~~-Fv~~l (t.her
sua-of SD_." IJrl"_QOirt.ribut.1Qn$)viU 'bi -.sw"ed vl.t.h .int_l .. 
error. For this' "'9ion An esii.ted nUIIber of ~~ .. to . ;. 

.~th8M t.w·contribut.1Qrisis: -~ . ",:,-... 
. :;; 

. " . 

(1) .'789CCF,-FA)I\)2+5UCFV"",)'\c-i9~ 

. !Mr- ..... ·t.WO.So111t.1onSfor t.he valJJ.. ~f (F'~FAl,\. as
 
$hOWn···inFiV.1~· with t.he .re$ults of athersexper1Mrl~s.
 

.The .firSt- Solut.tcn .-0, 8<U·V.-F,),\:<-o. 1 tSex~lU£led'Dy; t.he. CERR .•
 
data,Hot .an4'. fJDIlly.,.wUlhaw;. '. .
 

:0 <C'v:!A'~< o. ~onb c.t~. 

~ lta1t$..re Hwra!" U-.s"lowr t.harJ: t.h._p.-eHOt. oMS· C3:-5l. . ~ ", ,. .' . :;'"' . - " . 

. !t '. aYliIQIf 
the P,OSS1b1l1t.yof __1119 thel+->,.,+." decay 15,> 

...... ··.CClft$1_~.1Jl the I\yperonbeaa i1etnper-1MDt.tt. 1s shO-t.hat. .. 
tbir <~ur. __iQft fota tact~ canbe.-sur~~~th~~·~-'< _ 

t,1aes belt.eI' accuracy t.han In· t.tl& pnY10ut .,.r1JiMrt.s;'. 
:9" _ Discusslon . with·P. eooper and J;ta<:b< ar.'· gf.t.efuliy , 
~l" .' . . 

......... - ...."
 ,., ....... -' ' .. i
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Table 1. 'Theoretical ,pred1C1.-ic:ms for Uwforc ,factors' in t~ 

~-)l~,· ' , ! 

variety of, SlJ(3J violation 
schemeS 

.'~ = 1250 MeV 

'~ "~ 1330 Mev 

t.aking into account. 
K-\)lC1280) ~~xchange 

current algebra,PCAC 

a soft-kaon~pproxi_tiot;l / 

[3] a hard-kaon approximation 

[21 

11) 

10·38 ' 
~rf~lo~u ' (2) 

Irl=O·14 

y= 0,21 

,FvJ\=O.084 

FA"\c=O' 046 

" 't e11'1- , .• ' 
0.51 

.' 

t.he chiral 
theory / [91 

. ,.... 

/', 
J' ' 

£l'~~le lr=rA/fv 
I :' 

~.-/- "\ 

if{ 
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3.:asl~ or thePD 

B.a -.enlummeasureatent error 

of lhe priaty r~ K+ ~am 

7.	 a. IIOI8r1tUII'-.asurelilent error 

.for the seconciary charged' particle: o. ~CO"). 

8. an angular resolution for t.he hyperon 12fJiad hor-lz. .
 

beaIl pal-tiere
 5	 ,.rae! verUc. 

Q. an angle. resoluUon for' t.~secondary Q.~ hOriz'.
 

charged parlicle
 6	 "",ad·vertic. 

10. the trigger is. 
..' T. 

a Charg8d particle in the hole
 

(the region a) .and,"
 

one cr8tit'e' r'SlD t.hePli (the region b)
 '. ,.£;. ~ 5 GeV 

u ..'MCr-~}Pr) B.1·1~ ..
 
1ICr';")pnit)
 ,.8.107 '•. ..... ";.~ 
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Table 3. Fractions of the K+~decays with different combinations' 

of r's detected in the photon detector. 
, 

-
-K+-)n+rro 

K+ ->j./rrcv 

K....:)e~n(>v 

rl in Cb) 

r2 in Ca) 

0.894 

0.902 

0.891 

rin (b)
1 '. 

r2 In Cb) 

0.105 

0.097 

0.108 

inCb)rl 
Y2 in Cc) 

9.9-10-4 . 

13.9-10-4 

1.03-10-;:1 

Table 4.Coiltributions of t.he various terms of the K+->j/vr 
decay. 

i Term e" t:cut. Branching rallo Nevents. 
1 IB 0.210 0.486 4,3-10 .;:> E y ) 10 MeV 2451 

2 SO+ 0.354 0.343 115-10-~ ~ 7,8 

;3 
.. 

SD_ 0,323 0.633 O. 12-10~~ 1. 4 ­

4,,' . INT. 0.295 -0.491 1. 53-1O-~ 12.4 

5 1NT­ .0,308 0615 3,53'10-~ 37.4 

Table 5. Contributions of the SD+ and SD~ lermsin the K"->e+vi 

decay. 

'"
;/ T~rm t:o t:ctll Branchlng ratlo Nf>vents ' 
2 SD~ 0.323 032 1. 53-jO';'; 8.8 

3 SD­ 0.207 0.63 O.16-1O-~ 1.1 

.~ 

,. , ,

' 

. v· 



The decay Region 

We denote: the hole -alalb PD . - b 
spa.ce outside of the PO - c 

Fig.1. A siiBplified £161 experiment set up and a 
,projection of the photon det.ector (PDL 
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F'193. The same as -t.he?Flg 2 for.a full rang€' of the mlsslng 
neutral, rr~$;; squared ~ ......The blackenE?d hlstogramm markf.'S· a 
~lstr-lbutlon for the Y. -"jJ vr docay «5 1 K t=v. J: 

• Expec.led nui'rtbE?r .of ev:'nts. ar eo: K" -:> n -+ n° . 588 K € 'V.; r:· - '> e ... rr<' IJ . 
.. . 
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," rig. 1. Estimations of values (FV-FA)~ frpm the prey-taUs 
exper1.ents. The anticipat.ed result. of lhisexperimenl assuming 
the theoret.ical value (9] is also given. 
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