
9t-1CJ3 

Collaboration HYPERON 

STUDY OF K-MESON DECAYS 

WITH THE HYPERON-2 SPECTROMETER 

(PROPOSAL OF THE EXPERIMENT) 

El-98-193 

-t 



V.Yu.Batu~ov, J.A.Budagov. I.E.Chirikov-Zorin, Yu.I.Davydov, V.P.Dzhelepov, 
V.B.Fiyagin, V.V.Glagolev, A.V.Kolomyichenko, Yu.F.Lomakin. 
S.N.Malyukov, O.E.Pukhov. V.I.Romanovsky, N.A.Russakovich, 
N.L.Russakovich, A.A.Semenov, A.!\' .Shalyugin, A.S.Soloviev, I.A.Su•;Jov. 
V.B.Vinogradov, A.G.Yolodko 

1/NR, Dubna 

A.M.Biick, V.N.Kolosov. V.M.Kutjin, V.N.Schelikhov 

IHEP, Protvino 

O.B.Abdinov 

IP, Baku 

G.Martinska 

University, Kosice 

A.S.Kurilin. N.M.Shume1ko 

NC PPHE, at Jlinsk Uni~·ersity 

Yu.A.Kulchll~ky. Y.S.Rumyant\ev 

IP. Mimk 

A.M.Artykov 

Uni~·ersity, Samarkand 

A.Jordanov. L.Litov, G. Velev, R.To;enov 

Uni1·ersity, Sofia 

N.S.Amaglobeli, B.G.ChlladLt:, G.A.Chlachid7e, D.I.Khubua. I.A.~1Jna~h\ iii , 
R.G .Salukvad7e 

IHEP. Tbi/i:,i 

I' I 
©OGbeA 8 

-

1 Introduction 

The main goal of t he p roposal is to upgrade the existing set-up HYPERON-2 and to 

fuJJil new im·estigation of K -meson c!E'Cays. The experiment (SERPUKHOV-167 by the 

international classification) is in progress and the last data taking was in 1997. 

Some new re:;ults were obtained [1, 2, 3, 4] with the HYPERON-2 spectrometer. We 

made the best estimation of the upper limit llr(Kg -t e+e-) :::; 2.8 · 10-6 and the most 

precise measurement of the K.3 decay form factors. These results are included in the 

Review of Particle Properties (RPP). The measured parameters of the matrix elements 

of the x + -t 7f
4

71'07r0 decay are also the most precise ones. 

The project aims to study radiative and some other K decays with neutral products 

u:,ing a positive 10 GeV/ c beam at the Serpukhov PS. These decays are rarer and more 

difficult to study than the decays which were studied with HYPERON-2 previously. 

One of the main tasks is to search for and to study the structure-dependent (SD) part 

of photon emission in semi-leptonic and nonleptonic K decays: 

x+ -+ 7r+7r0-y, x+ -+ 1!'0e+v-y. 

The SO contribution is of special interest: it contains information on the quark structure 

of hadrons and dynamics of quark-quark interaction. Thus, the experimental study 

of radiative kaon decays is an important way for the verification of different models 

developed in the framework of the effective chiral Lagrangian approach to description of 

low energy meson processes, which is widely used. 

The form factors of the decays 

x+ -+ 7r0e+v, x+ -+ 1!'07r0e+v 

are also of large theoretical interest. 

The present experiment al status of these decays is not satisfactory. There are 

a few successful experimental attempts to search for direct photon emission (DE) in the 

K• -t 7r+r.01 mode. However, the world average still has a large error. ~o SD emission 

was found in the reaction K+ -t rr0e+ 1.11 because of statistics and background subtraction 

problems. The world statistics of the K + -+ 1r
0

1r
0e+v decay numbers only 35 events; the 

precision of the decay vtidth and the form factor is low. In the last experiment [1] on 
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thr K,1 clp(·ay non7rro scalar and tPnsor form factors wrrP ohtainrcl. whwh p!>irth t•• 

possiblr rxistencr of '"beyond-tht>-Stanciarci-mnciPI"' effects. Ch('("king of thb n·~ult '" uf 

large interest 

Unlike the case in prcviou& expt:>rimeuts, our 1->pPctrometPr allows mrasml'mrnt uf all 

kinematic paramf'tl'rS: momt>nta of incoming and secondary charged partacle~. Pill t).!.l~"~ 

all(! emis:,ion anglt:>~ of M'I'Olldary -r-quanta. Thus, our advantages. a~ ll'f' t'XIWCI. :u" 

bet IPr sPparat 1on from t hP hackgrcmnci (more constrained fit) and smallt>r ~~~~Pilla I H' 

uncrrtainties than in previous experiments. 

During thrrr: years we intend to collect new data in 2-3 runs and to prore"" a naajur 

part of the statistics. 

Comment. There i:. anotl.er E'XpennH'nt undf'r way at the Serpukho\· I'S Scq•-1 Gli 

ciPvotP<I to pwn and kaun <le<·ay~. !"he set-up ts situated in a uegauw unst>paratecl llf'aHI 

about ·10 Gl'\ fc (spokt-~man \' Boloto\·) That experiment conct>ntratt"- on raro· clt>ca\'s 

HowPver, hoth groups nwan to get statistics in the field of this proje<·t and thP group' 

decided that it is quite es~ential to rom pare results of thl' experiments with c..lifft>rent sc·t 

ups aut! triggrr couditwus Othl'r related Experiments, HLXL-787. I3LXL 86.1 all(! "t hl'r~. 

art> aimec..l to !->IUd) qu1te rart> defays. Kl:..l<-304 was taking c..lata on the /\"' 1:'(Jf 1+ l 

decay in 199() (there is not yet more information about this experiment) anc..l E927 al 

HNL proposrd to measure this reaction too. 

Specific goals 

The experimPntal f.l'l-up allows us to measure or evaluate paramt>lf'r~ of thP followin K 

decays at Pbt>am = 10 GPV/r (PLab): 

J< + ·~ rr t 1ror.o 

J< • -+ 'lr+'lrO'")' 

-K, -+ 1r+··n 
J<+ -+ 1r0e+v 

Kf ~ 7ro7rot • 11 

J<+ -+ r.ot.+ ll"! 

K~ ~ c+e-

K~ ~ 'Y/ 

K~-+ c-'-c-1 
K~ ~ 1r0e-e+ 

wht>rt> K 0-mesons are produced by J<+ charge exchange reactions on a nudPar t argPt 

fhe uudl'rline<l rP:u tious Mf' thE' main objectives of this project. D<l! a mntamiul( all 

K' -clt>cay modE"- ran hP rollf'<'tffi during the ~arnt> data taking. 
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2 Background and significance 

2.1 RadiatiYe decay K+ -+ rr+rr0.,. 

·1 ht> main goal oft his dPcay study 1::. mPa~urPmPnt oft he ciirect emission (DE) part of the 

decay amplitude. lhe DE part contains informaLJon about hadron structurl' because it 

c..lcsrnlw;, t hf' direct transitwn to 1r1r·1 state. It h; important that internal brPmsstraJJ!ung 

is :.upprt>ssed in this decav by the I~/ = l/'2 rule. Thus the DE contribution is relatively 

large and can be measurt>d more easy than in ol her radiativP decays. The DE part of the 

;un~.>litude i::. mainly detPrnnud by chiral anomahP:. wluch play an important role in low 

!'nergy phy&Jcs. 

L:nfortuuat~>ly. according to latest theoretical estiluations :5J the CP violating term 

h :.trougly suppres.-,l'd compared with the DE term (about three orders of magnituciP). 

\pwrtheless. final eoncluswn should be stated by Cl.1l experiment 

I hPre art> some sucrt"-"ful expenmental attempts (6, 7, 8j iu searching for the DE­

nmtribution. In our opinion the world average Br(DE) = (1.8:::: 0.4) · w--'i still has 

a large error to compare with th~> latest theorPtical calculations (mterference included) 

Hr(DE) = 2.23 · 10-.s ~5. \\'e exped to increase stat1stics significantly (by a factor of 

about 10. sPl' Table 1). 

To avoid ambiguity it is abo wry important to m!'a.<>ure all accessible kinematical 

parameters of the reactwns.The last result for K ""~ bram:hing ratio [6] was obtained 

using set-up which allowed to measurE' charged particle track angles and photon enerp,ier,. 

lu the other two t-xpt>riments ~7. 8~ photon enPrgies were not measured. With our Sl't-up 

we can measure all kinematical paramett•rs: momf'uta of chargl' pa.rtidPs, emission anp;IP:. 

aucl Pnergies of photons and expect better background ~epdration (more constrained fit) 

and smaller systematic Prrors. 

2.2 Radiative decay K+ -t rr0e•v-y 

Decays K- -+ r.0l~ vn are electroweek ones with..., radiation produced by inner brem:..~lral1 

lung and structure radiation from intt>rruPdiate :;tates of K meson. The la..:,t one i; the 

most interesting because it contains mforrnation on internal K -meson structure. Rt>lative 
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probabili ty o f the decay· 

Dr= BrrB + Brso- BrrNT 

contains the inner bremsstrahlung term (IB). structure dependent term (SO} and theu 

interference (INT} . 

The IB contribution can be rakulated in the QED [9, 10] frames. Two othf'r tPrm~ SD 

and INT depend on the vector aml axial-vector form factors (!1· and /A) of t.hf' structml' 

radiation. They were evaluated in [9) on the base of current algebra and PCAC' hypotl'~is 

and in \11) using the effective chirallagrangian approach. According to thesf' theoretical 

estimations the structure dependent term is about 1 2% of the lA term. 

The K 1 --+ 1ruc+v'Y decay was studied in four experiments [12. 13, 14 . 15:. Resultf. 

[12, 14, 15] were done with the bubble chamber technique. In )2. 14; 16 and 13 ev!'nt~ 

were found. I'he Br1s measured is in accordance with the QED calculations. In :13. I ;)~ 

192 and 88 events were found and all three terms of radiation components were estimated . 

in particular, SD-INT emission: Drso < 5.31 . w-s and BrsD+TNT < 9.5. w-s. 
Measurement of the SO-part of the decay probability should be done in new exper­

iments on the K ... ~ 1r
0e+ V'Y decay with higher statistics. Such mea.surPment gi,·cs 

possibility to verify theoretical models. 

2.3 Semileptonic K + -t 1r0e+v decay 

The K+ --+ 1ruc 1 v decay or K.3 is well described by the matrix element Yf proportioual 

to only one form factor: 

f+(q2
) = 1+(0} · (1 + .X+l /m!}, 

where q is four-momentum transfer to dilepton system and ). free parameter. 

This decay was studied iu many experiments including one performed by the authors 

of the project. Our result [1) is the most precise estimation of).+· However, the situation 

is not so simple. The most general form of the decay matrix elemeut, which inclmlf'S t hi' 

scalar Is and tensor fr form factors, was fitted to the experimental data j1; and nonzPro 

values for f, and fr were obtained. They are 3 4 standard deviations larger than 7ero 

This fact points to possiblP existence of effects ''beyond the Standard ~1odel" There 
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l'- at J.-a.-,r £HlP :!wllrPtical mndPI ~ !(;·, Hl~l'rriu~ ten~or intPractioll i11 thf' <t,1ndard d"' a' 

amph tU£k. which d~cnhP~ thf' experml!'ntal r~u l h 

Thu~. it ~f'!'m;, H'rY impnrtant '" tt'-.t till~ rrsnlt Ill m•w prrcise I'Xpl'rin,f'tll~ "!l 

h · - • ;- 11 ( ·u dt>cas. Tl lP projN't mt•an'> to ohtcti n a n Pn•nt hamplr with hrttPr P"~ lt r, H; 

idl'tll ifir al inn a ml highPr ;. t ati&tics t hau in prt> n ous ('\perimrnts. 

2.4 Sernileptonic J( .._ -t iT
0 71'0r·· 11 decay ( k'{4) 

\l<J tnx t>lPnH' Il l for /\11 df>ravs j.(enf'rally rau IH' dt•scribed hy fllllf form factors: 

)/ '- l\·l I -.,,). /
1
- If~- frm-j,rTI!-. Q,.- frar};IIIJ.. 1\, m,., 

f, · 
-+1-1,110" ,, R"Q ,r. ..,Pl't 

IIIK 

wlwrt> R c~ !'=~ - P~R· q ~ Q,~ - Qr~' K == f>t ~ P. <~ud form fact,,r~ /, (!= 1.2 .3.1 l ar,• 

as a n:lt• funnions uf m,·an•mh P. o - Pwo. 1 '- ~ - l'r-: and r~-. -~ 1'-
• 1 • • 

It wa,.; -5hown m refert'llCI' [17 j that 1t 1s po~siblf' tn "'·aluatP all fonn facrn~" lor/,~ . 

<i'-'1'<1\ ~ using I'CAC hvpothl'sis ancl nPglt>cting :":T-mt.-rartion fl1t> rP~ul t is ill -:•••.>d 

aAn't'lll l'nt w1th experinwnts on the /\' · --t :r•rr-,·+t, decav. \\'e propos!" to , ruth · •h t> 

,,-- --t :-r0- 0f +v decay which is dt'scrihed by only mll' form factor because of two - •• ·,., 

idcmitv and small positron mass. In [1:!' one can SPr that thl' tht>ort>tical models dbcrihl' 

tlus rP;H·twn rather poorly. Co usequrntl} . PXJH'rimenl on measurl'ment of t hf' form factur 

of tlw r.: ~ --+ ;r0 r.0 c+v dt'cay is a good indepf'rHIPnt test of theoreticalmod!'ls and .J.l -

1/ 2 rnll'. 

The K~ --+ n°1r0e+v decay wa.~ investigated in only t.hrt'E' expl'riments :12. 13. 18' 

Frf>oll bubble rhambers were usl'clm ~ 12 . 18] and 2 and 10 Pwnt~ wPrf' found. In elect rome 

~xperi111 ent with 1'/ m-calonmet!"rs ~ l :l] we re fixed 25 rvent:-.. \\'p think imest igatinu of 

thil; decay 1s a vf'ry important task. \\'!" intend to obtain highf' r statistir:. ou thi~ d<>ea,· 

t han in prf'vious expe rinwuts with be t ter event id!'utilicatiou. 

3 R esearch design and method 

A~ one can St't' a bove the l'Xpenmrntal set up al rrady Pxists aud provecl to be n'hahiP 

iu uumbf"r of experiments. It was reconstructed and updated [3] for thf" kaou dl'cav:-. 
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It com,ists of lwam facillties (figure 1), two magnetic spectrometer arrangemem:->. two 

t>lectromagnNic (e/m) calorimeters and is able to measure ruomeuta of charged particii'S 

aud -y-quanta energies and impact point:,. There are also some scintillation counters and 

two hodoscopes for a trigger purpose. 

We use the unseparatt'd secondary beam of 10 GeVIc positive particles from tht> U 70 

accelerator. The total beam inten~ity is about 106 particles per spill. The contarninat ion 

of K mesons in the beam is about 7% and K mesons are picked out by the threshold ga.'> 

Cherenkov counters Cl C3. 
The momentum spread in the beam is about 1.5% but we can mesure it mnr!' preC'I),f'ly 

( ~PIP= 0.5%) with thE' beam spectrometer based on the analysing magnet .\IAG:\E'll 

with a \·ery uniform field (6.H I H ~ 0.1 %) and a set of 2mm multi wire proportional 

chambers PC! PC4. The scintillation counters Sl S4 are used for counting ka.ons enter­

ing the two-meter decay region between the chambers PC4 and PC5. The l>Cintillation 

counter A with a hole in the center is in anticoincidence to suppress K decays in thc 

beam spectrometer area at the trigger level. 

Secondary chargf'<l particles are registered in the secondary spectrometer by the mag­

net ~AGNET2 and a set of 2-mm proportional chambers PC5- PC8. Thf' re1·onstmC'tf'<l 

momentum range is 1.5 -;-lOCeV I c; and the relative momentum resolution over this region 

is 1-:-3%. 

-y quauta from K+ and 1r0 decays are registered by two electromagnetic calorimeters 

E~ICl and EMC2. Both detectors are lead glass Cherenkov hodoscope calorimeters. 

Th~>y are matrix of 19 x 15 cells (EMCl) and 24 x 24 cells (EMC2). The cell sizes art' 

100 x 1 00mm2 in E~fCl and 85 x 85mm2 in E:\1C2. The central zone of E~v[('2 consists of 

small~>r r~>lls 42.5 x 42.5mm2 To l<>t forward photons and charg<>d particles pass through 

the ~pectrometer, E.\ICl has a 50 x 50cm2 hoi~> in the center. The energy re>oolutwu~ 

are :::: 0 lt vF: for E.\1Cl and :::: 0.08IVE for E~!C2. "r-qua.uta unpact positions are 

reconstructed from the shower energy distribution in the calorimeter cells Thl' nwau 

remnstrurtion accuracieb are ~.r :::: ~y :::: 9mm in E.\fCl and ~x :::: ~Y :::: 7mm and 

~r :::: ~~~ :::: ·I 5mm in E~1C2 for ct>ll s1zes 85mm and 42.5mm respectively. Two scmttl 

launn hndo:,ropes !IX and IIY are usf'<l to increase the track reconstruction effin~>nry. 

Tlw ~pec1fic f~>ature of our trigger is a requirement that tht> number of detl'cted gam 
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mas .\', ~ 3 in hmh calorimeters. To determine N~ at the trigger level all cells in E~1C2 

art> unit~>d into 5 groups and E~1Cl is included as one group. Energies in at least three 

groups of cells must be above a definite threshold (adjustable). The trigger formula is 

Tr = Sl ·52· S3 · S4 ·A· Cl · C2 · C3(~ 3groups). 

These requirements suppress an incident beam to the level of 10- 4 leaving events with 

above mentioned decays plus some admixture of background. That is, all decay modes 

under investigatiuon are taken simultaneously. We intent also to get a sample of the 

events with the requirement on N"' ~ 1. 

The data acquisition system (DAQ) is based on two lBM PC computers. DAQ elec­

tronics has two CA~fAC type branches with special controllers for MWPC's and E~C's. 

The system allows to test all detector efficiencies and stability by on-line control pro­

grams. 

Calibrating the elm-calorimeters can be done in three ways: 

1. each E~1Cl element is exposed to the positron beam of definite energy which can 

be set v.'ithin 3 -;-lOGeV interval. The same procedure can be done with the EMC2 

but only for the central elements; 

2. having target placed in the beam we process events with gammas and using fitting 

procedure for ADC energy scales reconstruct 1r0 and 17 meson masses; 

a. the K+ ~ n+1r0 decay which is not completely suppressed by the trigger gives us 

a very good possibility of calibrating the elm-calorimeters with tagged n°. The 

calibration was done by fitting two "(-quanta effective mass to the n° mass. 

A~ it is already dear w<> dev<>loped a set of off-line programs for event reconstruc­

tion and ~fontt>-Carlo simulation which can be easily adapted to any data proce.<;~ing 

requirements. 

To this moment we have had some runs for the project aim with about 107 row events 

recorded on tapes which we process now before a new exposition. 

7 



\! \C"=ET2 

. _ s1 s·> Cl C2 . -_ C3 

~rur 
PCl 

S-l, 

"· / 

~ 
ll:(lll 

I ; I: ! li ~·ttl~t!l 
PC51 IF PC7~- 7 I 

PC6B ~PCH 

I • 

z 

E\1C1 
E:\10 

Fi~ure I : Layout of the IIYPERON-2 spectrometer 

rable 1· Expeded statistics 
K • -decay I ExpP<-tP<I ' World 

number of 1 statistics I Phy..,ic" 
Pwnts 1 (or best 

I r,+1!'U") 2. 104 I 2.1. w~ Dr(DE). cp·~ 
11'uC+IJ") 2 10 I 189 Def. or limit Br(SD) 
,.ue+ IJ 6 10' I 3.2. w• Chiral Lagrang:ians 

' tensor interaclwu? I 

I 7i'u1!'uC ... IJ 200 

I 
25 Chiral Lagrang:ians. I 

Ii-lli = 1/2 rule I 
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