


N 'lhe trlumph of the standard electroweak model does net leave much place for new o
: phys1cs 'when descr1b1ng heavy quark 1nteract10ns “stall. less for_the descr1pt1on ‘of old
i hadron ‘weak’ decays Most of. the papers revising the calculatlons in thé 7-and K-~
“ meson phy51cs try to find ‘more accurate solut1ons of the problems connected with the T ;
"‘strong interactions, but they do not: change the base of, the weak* V-—A 1nteractlons e
However, the recent experxmental results for the rad1at1ve - —'re, Y. “decay ini a w1de e
range of kinematic variables [1]: and the three- partlcle Ko rl%ty decay [2] (see also i
Ref. [3]) point-to the 1mpossrb111ty of their’ adequate descrlptlon in- the framework of 1 o
the V-A model. In order to explain’ ‘the destructive 1nterference in the plon decay, in, i
Ref [4] an add1t10nal tensor quark lepton 1nteract1on was suggested ﬂ

CT = \/— GFVua!fT URUuudL 'teR‘-

where V.,d is. ‘an element of the I\obayashl——Maskawa m1x1ng matrlx and a,,,, =14 [7,,, 7,,] T 3
b .This 1nteract1on prov1des con51stency with other experlmental data on'this decay [8].7
‘The d1mens1onless constant’ fr descrlbes the strength of* the interaction” relative to'
< the ordmary weak coupllng The constant fT is estimated in the’ framework-of the"”:
. relativistic quark\model as fpM == <4271, 3) X 10'2 " In Ref. 6], ‘calculations of - -
“ofr have been"done by applylng) the. QCD technlques and the: PCAC hypothes1s Thef
value obtained in this'way: e —(1.44£0.4) % 10"2 is one th1rd aslow as est1mated‘ S
~in-the framework ‘of . the relatxvrstrc quarl\ model ‘It -seems that' the accuracy of the-: .
: calculatlons in Ref. [6] is the usual PCAC accuracy and that the latter. result is reliable.’ :
~As-was noted in Ref.{7], such'a naive form of 1nteract10n will lead a8 a “result of
radiative correctrons, to. an anomalously large contrlbutron to the T ev decay, in:
, contradlctlon with the experlmental data. To avoid th1s dlﬁiculty “and to descrlbe all o
“'the meson—decay experiments (1-3] srmultaneously, in Ref. (8] it-was suggested toextend /-
the standard model by adding two doublets of 1 new tensor part;cles ‘Thus extended' ~ -~
electroweak model’ predlcts beSIdes the appearance of- a new quark lepton 1nteract10n o
like Eq (1) also the appearance of tensor mteractlons in the lepton—-le ton and quark—b o
quark ‘sectors,” - a g - :
7. The. tensor 1nteract10n does not conserve ch1ral1ty, and therefore, it can. play anv ST
o 1mportant role in the nonleptomc weak . processes ‘ Partlcularly, in this ‘paper’. we are
“going to- demonstrate _that the’ effectlve tensor. quark—-quark mteractlon gives a con-f o
tr1but1on to the 'K 1-Kg mass dlfference AmL_rof the order of the contrlbutlon from =
: che standard V-A mteractmn Thrs is easy to understand because the strength of the '~ .
. newinteraction is _]ust an order of magnltude as low as GF. On the other hand, from‘,
L, the; PCAC hypothesls it follows that ‘the chrrallty nonconservmg currents are enhanced‘( :
by a factor X = (mK/m,) “~:10, where my and m, are the masses . of the kaon and -
‘the strange quark respectrvely It is' known that the m1n1ma1 standard VZA model - :
(wrthout taking into account large- dlstance contrrbutlons) can explam ‘only . half the :
- experimental: value: ‘of the mass dlfference (AmLs)exp [9]. Formally, the’ large-dxstance S
L contrrbutlon is suppressed by uz / m? where I is a characterlstrc mass scale in the “old”\’; :
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C . into'the experimental- -accuracy range The new tensor mteractlon in'the lepton quark .

Lo Us'mg lagraiiglan (_) and: propagatox 3) one ‘¢an easrly wrlte the effectlve 1nterac—»~'.,’ - e
- tions-for various sectors “For example, in the. casc of a myon’ deca)mtr into:an electron‘~ L
“and: (antl)neutrmos one must add to thc usual \’ A mterachon an mteractlon of the S

= form e : : i ‘

win all sectors The effect of the chirality- nonconservrng currents in the lepton—lepton ,
“*sector. (for: example, inp'— eu,u,, decay) is suppressed by the factor m:/m,, and falls -

(‘-‘(3

\/— Cpfr lluufo\/tn — R

: sector does not contradrct the exrstrng constramts from nuclear beta-decay [4] elther
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i »f2 New effectlve tensor 1nteract10ns

f‘ where q is the momentum transferred from the muon lo the electrou palr and theh TN
f constant f: is deﬁned as fi. GF/\/— = tz/ 112.— m?). Thc addmonal 1nteract10n for R o

R The antlsymmetrlc second rank tensor ﬁelds are 1nc0rporated 1nto thestandard; RITI0
- electroweak model as_ two doublets 8 T,,,, (Tt T ) and. U,,,,'— (UO Uz ) with™

pyr: vl

opp051te hypercharges Y(T)= A—Y(U )= +1. The Yukawa 1nteract10n of-the charged.

o :f‘components of the tensor, ﬁelds wrth the ﬁrst generatlon of leptons V,, e and the quarks S
.'-A_‘u,d —dc0500+ss1n00 is : :

g The constant fican be ﬁxed from the dem)s 7 S eT iy or 1\"’ =%ty Its value:»_f
: RQN,[,— 0.29£ 0. 09 [8] ‘was evaluated ‘in the frame\\orl\ ‘of the’ relatwrstlc quarl\ model
*on, the basis-of. the pion-decay. Lchrlmont [1] i what follows we are going to:work.in ’
"7 the frameworl\ of QCD and extensnel\ usc thL PCAC l1vpothes1s Therefore we shall g
: tal\e the corrected yaluej : :‘—'("‘Sl +224) % 10“' i1l'accordance. \\uth Ref[

{ rlcher 1nteract10n ls ob mcd i “the. Iﬁu( qua quarl\ sector [

: ‘£Yukawa =" [VLU“ en + uLa‘“’d'] T+ + —una“"d’

U++hc

' 'For 51mphc1ty we accept the couplmg constants “for quarl\s an

.- same value t.. After the spontaneous symmetry breakmg, a mrxrng “of: the T and UY:'T'; e
LT ﬁelds occurs., The propagator of the charged tenso f'e]‘d
L ‘»q < m2 ‘M2 is of\the form

ln the stat1c approxrmatlon‘

“where ;a5
qnqagua = qnqﬂgva = Gvdadus + 9v999u
and tan g M/m is: the ratlo of the two mass parameters assoclated with the vacuum-‘ ‘

T expectation values of . the two doublets of the Higgs partlcles The dlagonallzatlon of
= - Eq (3) glves the mass matrlx of the form .M2 Mzdrag(/\T, /\U) for the fields -

aIn the KO K m1x1nécalcr‘l’latlous"'\w shall take into accouut only the” coutul)utrous i
B of the u and ¢ quarl\s (sce the box dlaﬂrdms of Fig: 2} because the (- quarl\ coutrrbuhon"
J1s suppressed by the tiny mixing angle 1, S As the: staudald (ontxlbutlou that results;”
from the W—boson exchange (Tlg 1a) glves oulv half the c\peruuultal value (A7 LS )exps
we suppose that the-rést of: (AmL Yosp: 1 is" dite: to thc other two’ dxagrams with® the
: e‘(change of the’ tensor part1cles (Fig.2b, <) T lie* eff(ctrve lagranglan for Lhe second' o
: generatlon of quarks caused by the tensor. pmtlcl(s has-the same: lor m as Lq (7) withi". L
! bv ous subst'tut1ons u—'c and d’ =S —‘—(lsm ()p + sc0s 0(~ :

‘“, = T,,,, cos cp + H,,,,,,;;U af sin cp,
= ana,@T ﬂ Sln ‘P “l‘ U,_“, COS Lp,

* “where:

'\l L Y
'I 't‘(‘l(f,.\‘n ‘[,Q’ n

. and tan(p =1 [1 - tan ﬂ + \/ l = tan2 ﬂ)2 4] : The pos1t1ve deﬁnlteness of the ma-.
i tr1x of: squared masses leads to the restrlctlon tan2pB:>- 1 The dependence of the
squared masses of the ﬁelds T’ and U’ on ‘the. parameter cot? A

is shown in Frg 1




3GFft

16 T sxn Gc'cos 05 m ‘s(l——'y )d 3(1+7 )d :

s calculated in the approx1mat10n of the vacuurm saturat1on as. the vacuum.i 1nserted S

,f ‘in‘all p0s51ble channels Assummg F,\—160 MeV and mc-1 35 GeV we can estlmate
the contrlbutron of the mterference dxagrams to AmLs,— Re < AO | EAS =2 [ 1& > /mK

s that the masses of the new tensor partrcles are of the order of the vector-boson mass
Mw.. ‘Then the logarlthmlcally d1vergent mtegral is effect1vely cut off at this llnnt :Such
an assumptlon will’ not essentrally change our results, as the logar1thm is'a very slowly

‘are calculated as before w1th the ald of the vacuum saturatlon hypothes1s ,To'g1ve

the correct total mass dlfference (AmLs)exp, the contrrbutlon of the dlagrams in F1g 2c:

must be’ negat1ve —0 8 x (Am[,s)e,(p This is really the’case: in the whole allowed range
of the parameter tan ﬂ > l the contr1but1on of Fxg 2c has the 0ppos1te s1gn relat1ve
to Frgs 2a, b S : : )

"~ The correct value of the mass dlfference is obtamed when tan = 1 51:t0 07 Not1ce

o that thrs solutlon cot2ﬂ = 0 44,:t 0 04 is very ’lose to the value 0 4 that' orrespond :

mcreasmg funct1on The effect1ve lagrang]an for the KO- ° m1x1ng dueJo exchange of !

to the max1mal poss1ble mass of the tensor ﬁeld L (see Flg 1) .That wouId provxde
the m1n1ma1 effective. potentlal between the ferm1ons ‘It is curious to note- that the f'- e
‘, mixing. angle @ happens to be: surpr1s1ngly close to the We1nberg angle 0w s1n 99
0229i0027 e = S
i "Now' let us, d1scuss the effect of the two H1ggs doublets ‘on’ .the mass, d1fference V
(AmLs)e,p The1r Yukawa couplmg constants with’ quarks are’ proportlonal to the
'- quark masses. As far as’ the model- 1ndependent lower bound onthe ¢-quark mass is - :
mg>90 GeV (i-e. the t quark is very. heavy) the contr1but1on of the V1rtual t quarks
‘to the box dlagrams may become dommant in spite of the: strong suppress1on of the
: ~—Yukawa interaction owing to the t1ny mixing angle Vig.< If the rat1o of the vacuum
expectatlon values of. the. two doublets ‘of the Higgs particles vfvy =M Jm = tanﬂ :
~were large, thls could enhance the contr1but1on of the- Higes partlcles to the Ki- Ks
" mass d1fference (accordmg to the. analys1s in’ Ref.[10}).. However, the value of tanﬂ ]
41,51 est1mated above does not-lead toa large ratio vl/vz, and respect1vely, gives. no
cons1deral)1e enhancement of the contr1but10n of the two nggs doublets to the K;- K s
mass’ d1fference as compared to the case of only one doublet in- the m1n1mal standard

' There ex1sts a great uncertamty in” the Values of the'Kobayashl Maskawa matr1x
elements for: the t quark “We use here the ‘central values Vi = 0.010 and Vt, = 0. 042
[11] In Flg 3 the relat1ve contr1butlon ‘of the Higgs doublets to the actual K 1-Ks mass’
dlfference is’ shown The. curves in the plane of. two parameters —the. charged—nggs
‘mass My and the t- quark mass m, 7-'correspond to the fixed valucs of .the relative .
c}ontr1butlon Ob 1ously, the ‘contribution of ‘the nggs doublets increases’ with the
increase of the - quark mass and the decrease of the Hrg - mass. “There exists a bound
on the value of the t- quark mass from the Tevatron m; 1‘74:l:10f}‘;GeV [12] On: the
other hand it'is natural to assume that’ the tensor part1cles are included into a more
: complete supersymmetrlc theory wh1ch ensiires the umﬁcatlon of the couphng constants
and of the b-7 masses [13], Then us1ng the value of tanﬂ =1. 51:!:0 07 obtained above
one. can estimate the t:quark mass as mi = 165 +13 GeV In these theorles the masses"
of the charged nggs particles are above 260 GeV. Therefore, for the realistic chorce
m,’=170 GeV. and My>260 GeV, the contr1but10n ‘to AmLs is less than 10%. - Such "
- an"accuracy is compatlble w1th the. assumptlons made ‘the . PCAC hypothe31s, the 3
vacuum-saturation. approx1matlon ‘disregard of the large-d1stance contr1but1ons etc
“In 1nteract1ons of up and down quarks with. the charged tensor part1cles two ad
“jdltlona1~ generatlon-mlxmg matrlces ‘of the. Cab1bbo Kobayash1 Maskawa ‘type arise:’
- between left— rlght ‘and: rrght—left quarks Unfortunately, becase of the lack of 1nforma-
“'tion about these matrlces, we cannot say. anythmg more deﬁnlte about the contr1butxon k
of the tensor partrcles to the CP. v1olat10n in’ the Ix° I system

4 Conclusmns

j‘The experlmental data [1—3] pom to an- adm1xture of tensor currents m the wea .
~.decays. In the > electroweak model extended by the’ doublets of tensor partrcles, we can
’i‘{ﬁx all the parameters of effect1ve 1nteract1ons~of the char ed tensor currents“usxn




'.‘"the c1ted experlments and the I&L Iss mass” drfference The model predrcts neutral :

i » tensor currents too; but it is.as yet 1mposs1ble to deﬁne thls sector because of the lack. ;' % :
b of experlmental data. At the’ moment’ we. can deﬁnltely say only ‘that. there exrsts a‘ L

B ,_'requlrement that the ﬂavor-changlng neutral tensor currents should be absent.”

: ',‘We have neglected the: QCD. corrections.. Tal\mg them mto account ‘may correct the
i value of tanﬁ —.the presented value tanﬁ ~1.51 was - obtamed for bare quarLs :
- As“we have accepted the same couplmg of the tensor fields" to leptons and quarks,‘
, ‘the effective: lepton—lepton and * quark- lepton tensor 1nteractlons'are governed by a-:
. single common parameter S Therefore by ﬁxmg this parameter frorn the semlleptomc
R l/fl'decays ft > 0.08,- we can’ rnake a predlctlon for ‘the weéak leptomc decays ?where no ‘
s uncertarnty ‘associated w1th the strong interactions is present.’ ‘ :

z effectrve lagrang1an [14] ‘The’ effectrve tensor mteractlons presented here essentially’:

ﬁ_and energy dlstrrbutlon of ‘the’ outgomg electron.’ Nevertheless .wé can estlmate the
' ‘contr1but10n of the new. 1nteract10n to' the’ Mlchel parameter p. Its value 6p ~ 10”3 i
of: the same order of magmtude as the present experlmental acc racy [ll] :
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“When estlmatmg the ‘mixing parametex tanﬁ from the Kip: K5 mass dlfference, ;

Unfortunately, all prevrous atternpts to study the v1olatlon of the V A structure of
1nteractron in'the p— ebv, decay have ‘been done on the basis of the denvatrve—free: :

o depend on’the: -momenturm transfer Certamly, thls will-lead to a dlfferent angular s

: FlgUre 3 Isolmes of the rclatlve contnbutmn fmm thc lhggs doublets to thc l\’[: I\s‘

I‘lgure 1: The dependence of the squared masses of the T and U partlcles on the rmxmg
parameter cot2 B RE .

* Figure 2:-Box diagrams for - K's mass dilfcr'ence
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mass ’dlfference in the planc of the charged ll|ggs mass aud the t quarl\ mass =
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Hogrle TeH30pHBIE B3AHMOAECHCTBHSA M PA3HOCTH Macc Ky — K¢

MHHEHMaIbHAY CTAHAAPTHAS MOJEIb 2JIEKTPOMATHHTHH X B3aNMOACHCTBUH
JaeT TnpuMepHO nosoBuHy Habmomaemoit  pasHoctm  Mace K —Kg.
AHTHCHMMETpPHUHBIE TCH30PHBIC TIOJId, BBEACHHBIE B CTAHAAPTHYIO MOIELJIb,
MOTyT JaTh OCTaBIIy!CH MOJOBHHY pasHocT Macc 0,5%(Amy, S)exp. Ilpencras-
JieHbl 9(PEKTHBHBIC JIENTOH-JIENTOHHBIE, KBAPK-~JIENTOHHEIC N KBAPK-KBAPKO-
Bble TEH3ODHBIE B3aHMOJEHCTBHS, O0YCIOBICHHBIE OOMCHOM 3apSXCHHBIMH
TEH30PHBIMH YaCTHLAMHU.

Pat6ota sumonHena B JlaGopatopuu reopetuueckoit duzuxyn um. H.H.Boro-
modosa O AU,

TpenpuHT OOBLETMHEHAOTO MHCTUTYTA SAEPHBIX MCCAEA0BAHHH. Jy6ua, 1994

Chizhov M.V. E2-94-253

New Tensor Interactions and the K; — K ¢ Mass Difference

The minimal standard clectroweak model yields approximately half the
observed value of the K;—Kg mass difference. Antisymmetric tensor ficlds

uncorporated into the standard model can provide the rest 0.5%(Am; g)ey,,- The

effective lepton-lepton, quark-lepton and quark-quark tensor imteractions
induced by the charged tensor particles are presented.

The investigation has been performed at the Bogoliubov Laboratory of
Theorctical Physics, JINR.
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