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Abatract

The arguments in favour of large value of the matrix ele-
ment ¢ NISSIN> are given which are based on some semiphenome-
nological data and low-energy thecrems, As an epplication of
presented considerations we study the contribution of atrange
quarks to the neutron electric dipole moment.
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I. Introduction

The point of view is widely spread that the admixture of
the pairs of strange quarks S5 in nucleons is small. Deep
inelastic scattering data indicate to this smallness. It
should be noted however that this argument is valid for 5-
~quarks in the vector channel only. As for the scalar channel,
there is no serious reasons to believe that (NISSIN)> is
mich more smaller than corresponding Wil and matrix
elements. In recent work Ti1] the arguments were given indi-
cating that the matrix element <NISSIND> is not small indeed.
This conclusion seems to us to be very interesting by itself.

In this work we present additional arguments based on
low-energy theorems end some semiphenomenological data in fa-
vour of large nucleon expectation value of SS o A similar
approach being applied to calculation of baryon mairix ele-
ments of (pseudo-)scalar operators allows one to meke impor-
tant conclusions on the interaction of Higgs particle with
nucleons and also on CP-odd effects in the system of nonstran-
ge baryons.

In particular, prediction of Weinberg model of CP-viola-
tion for the nucleon electric dipole moment contradicts defi-
nitely the experimental data.

2. Quark scaler expectation

Let us start with calculation of quark scalar matrix
elements over nucleon under the assumption of octet nature of
SU(3) symmetry breaking. This calculation differs from that
of ref. [1], section 2, by technical details only. However we
present it here for completeneas.,

Averaging the results of various fits to the data on
JN -scattering presented in ref, [2] leads to the following
answer for the so-called o =term Py



My +m

4 <pimu+ddip> = 63212 MeV (1)

(Here and below we omit kinematical structures like F’P in
the expressions for matrix elements).

' Tak:l.n"g the values of quark masses to be My = 4 MeV,
M) =7 MeV we get from (1)

{plau +Icl.lp> ={4,5%2

B Purther, assuming octet type of SU(3) bresking responsible for
mass splittings in the baryon octet we find

(2)

<plﬁ'u-—1&lp> s i =09 =
. niS- | -
(4)
<plau+dd-25sip>=3 M= ;"“=4,3

Here M=, My , MAa ere the masses of =2, and A hy-
- perons regpectively; for S -quark mass we take the value
msﬂ 14{} H‘B?-

Using formulas (2)=(4) it is not difficult to obtain

<pluuip>=6,2 (5)

1 (6)
<piddip>=53
(7 i

<pisSSlIp>=3,¢

It should be mentioned that the accuracy of the relations &
(5)-(7) is not too high. The error in the value of the %
O -term (see (1), (2)) already leads to the error of the ! J

order of 1 in each of the matrix elements found.

We would like to present at once the following very sim-
ple (and; to our point of view, quite convincing) argument in
favour of the relatioms (5)=(T7). It is clear that the average
(7) is comnected with the see quarks and is due to vacuum ef-
fects., It is natural o suppose that the vacuum contribution
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to the averages (5), (6) is in the same ratio to the vaelue
(7) as the vacuum averages are:

<0lTulo>:<0t1Sslo> = 4,2

Then the r:ont:;ibutinn of ‘.ralenne quarks is
<PITWIp>, = 4,9 | - (58)
<piddip> = 10 te)

These values are in remarkeble agreement with the numbers 2

end 1, which could be expected from the naive picture of non-
relativistic constituent quarks.

Thus together with the euthors of ref. [1] we believe
that the resolution of the known econtradiction [2,3] between

the experimental value of ¢ - term and assumptions of octet
picture of SU(3) breaking and of smallness of the expectation

value <pj| Ss| p> consists in this matrix element being by
no means small, in accordance with (7).

Now let us give some more arguments in favour of this
asgsertion which supplement those given sbove and those based
on Skyrme model and bag model given in ref.[ 1].

3. 0 channels and their role in
the nucleon physics

In this section we present arguments in favour of large

wvalue of < NI SSIN) based on some low-energy theorems,

QCD sum rules and phenomenological results. We proceed from
the statement of [4] that (pseudo-)scelar channel is diﬂtingu-
:I.ahe& from others by it's strong coupling %o the vacuum.

To study the problem by means of QCD sum rules r_5 6, ?]

consider the comlntur

TP = S e" dxdy<oiT{rc0rsseF}oy ©

at -—P"' -» 00 , Here '2 is an arbitrary nucleon cure



rent®. Note that we pick out the unit matrix kinematicel struc-
ture in {B).. Due to the absence of § -quark field in tl‘:e nu-
cleon current ¥ any substantial contribution to T(P ') ds
 connected only with nonperturbative correlators ("induced ve-
cuum expectation values") [7] of the type

K= ijﬁl“j <o|T{Ss(yuwloI} 10> : o

see fige 1. As usually restricting ito the lowest nucleon sta-
tes in (8) we have :

2y — ___i_._.,.m_.j'__.- E (10)
T(P ) ‘Bﬁ-—m -F}_m |
where ﬁ:{ﬂl"l[N>J F=<E{n'0>}“=<NISSIN>-
On the other hand, the same P )8 are defined by the polari-
zation operator

‘ H(P?-) = JE‘{dex<OIT{‘?{mﬁm)}l°>=ﬁ$:;‘E{”)'

' The main contribution to the unit matrix structure (the same
as in (8)) is given by the graph of fig. 2 analogous to that
of fig. 1 up to the substitution of {<Q}q> for K . Com-
paring (10) with (11) at P"’*C{-{C‘EVZ we get

a - { K (12)
{NISSIND> = m<c_.n.>

Thus, calculation of (_HIESIH) reduces to the evaluation of
+he vacuum correlator K . Fortunately, we get sufficiently
rich information about the latter both from the low-energy
theorems [4] and from the phenomenological analysis.

Digressing for a moment from the calculation of < NISSIN >

+ The current may be chosen, e.g., in the standard form
Y = g“’hca’ﬁd_“‘(ubcxﬁuc) [-'H, note, however, that the re-

sults obtained below do not imply such the concretization.

note that this method of reduction of the nucleon matrix ele=-
ment problem to that of vacuum correlator is directly generali-

zed to cover arbitrary scalar Q.S or pseudoscalar Qp opera-
tors:

< BIOJIB> v_-.—__’,';?; L (d4<orTOWTI@RIO> (30
| ~;'“_E;r§§ (1) q¥9(0)} o) 3P
<BIGpIB> = T2 t {dy<oI TIG TS

Also note that if there are the fields which present both in
(95 (or @p ) and in 'Q » the contribution of small distances

(due to, e.ge, the diagrams 3) must be taken into account as
walil.

It will be shown in the framework of this apprecach that
the value < NISSIN > is large and comparable to (7). How does
it agree with the known smellness of <NIS)S|N>> ? The ans-
wer is that the § -quarks in the nonvacuum channel do mot
turn into W, d -quarks: the Zweig rule works well., Phenome-
nologically it shows up in, e.ge, the smallness of P - (gf-
=mixing [5] o Correspondingly correlators of the type Id,“
<OIT{SERSP T ¥, U (92} 10> ave mmerically
gmall. Thﬂga are different in the scalar chamnel: the Zweig
yule is badly broken and there is substantial admixture of
S -quarks in the scalar mesons S*, 8’ & and in (both) V]
and Tl' +« The matiter is that the correlators of the type (9)
are of the same order of magnitude as is 3<alT{ﬁutgm_Eu(m}lo>
iss To summarize, the large value of (7) and violation of
Zweig rule in the scalar channel are the manifestations of the
same physicas, namely that of scalar vacuum channel.

One more remark. Iel us calculate the matrix element
<NIUuIN> by means of sum rules. In this case contribution
from small distences ~Am~' (the diagrams like that shown in
fig. 3) accounis for less than 30% of experimental value (2).
Naively, fig. 3 corresponds to the valence quark contribution
to the matrix element < NIuuIN>>. From our point of view the
rest is due to the vacuum contributions (see fig. 1) but not
to the valence ones. The estimates of the correlator (9) given
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below confirm this conjecture.

The simplest way to evaluate (9) is as follows., Consider
the low-energy relations [4]

i fdy <alT{ 5(} (*3) = GEO}0>= 55 32 < “"G??

{[dy<oIT(RLE golo> 22T, ()
T 23
b=11 "Nj. =4

Suppose that the relations of the type of (14),(15) are satu-
rated by some effective state & of the mass mﬂ. ~ 0,7 GeV,
We do not insist on the existence of real narrow gluonium sta-
te with such a mass, but rather imply the effective description
of 01 - channel, The scale 0,7 GeV is undersiood as that regi-
on where W JU =interaction becomes strong and phases vary
considerably.

In the notations

<01 GHe>=hy <olqqle>=A, (16)
we have

f:i 32- ols .2 3.{4\1 24 — 31

m'i.. G>) Gﬁ = me_ (17)

Then it follows from (12) (at <E{q> = -(0,25 CeV)?,
[+ 4
'SGr > =12 401(}&\{ Yo
18 <q,<1> ~ 24  (18)
<NISSIN>= 2 |
b <@y
(it corresponds to K Lty {}4 Ge‘v2}. Thiz estimate does nut
contradict (7) ((7) would be reproduced at K &~ 0,06 Geve).

We can found K also 'in the chiral SU(3)-1limit assuming
ms-'!'(} and keeping only “the main term in K proportional
In m . In this limit K is defined by the contribu-

t:inn of the states K_"'K i 32 which are uniquely fixed
by the PCAC relations:

‘1.
<olqUI KK = }<K"K 1SSlo>= (19)
mg ms

i mék '4 ms (20
<oltw —-- bl 1Ssio> = z bie g

Proceeding in the usual way [4] and saturating subtracted
dispersion relation for K vy K+K 'QF!_ states we get

% K(_'t.)K+K +'!‘1. H’lu (1-@- ) Gn U l}.i_ ﬂ?}&

(21}'

ll

;Ej (dtetm K(t)’“(m“)(i ) (ot 4

mg *li.-’r'cz
£0,03 G—e.\(

2

Mm
. For numerical estimate we put eh-ﬁt. = 1 in (21). The real

accuracy of SU(3) chiral estimate ot K is not high., However,
the value (21) is clome to the previous estimate.

Finally, there is the third way to find < NISsIN > which
does not appeal to sum rules at all. It implies safuration of
£NISsIN > by tha lowest SU(3) singlet state-gluonium T~ (see
(16)). Such the saturation allows one fo find the ratio of

' nucleon matrix elements of operators 35 and QHA.

<NISSIN> <a|ssw><:s-m~>
<NI BH.JN> <o|9ﬂ~|u-><a'mﬂ>

_ <olSsia> - < Az (22
ms<ol‘§‘s|¢>—§<ol 225Gt o> msaa -)L
8 "‘:SS} i ~ Ge\']"i

"7 {- & <mSS>ABED>

To arrive at (22) we have used the explicit form of the trace
of energy-momentum tensor 6"’.4_ and the relations (16), (17)

9



for /'lh?l,_ Purther, teking into account that <NI9H._IN>'
= MNN ., we get from (22):

<NISSIND> ~1 (a2a)

Thus, phenumenolo cal properties of the scalar mesons
(strong mixing LLLL fd. <> SSe G-z) and large value of
matrix element (HIaaIH > @are connected and agree with each
other. In spite of some difference among the numerical values,
the phenomenological estimates (18),(21),(22a) and the value
(7) indicate that < NISsIN> indeed exceeds unity or at
least is comparable fo ift.

B < ~quark and the nucleon mass

In this section the effect of S -quark on the nucleon
mass is shown to be large.

To begin with, note that K ante_rsﬂ not only the expraﬂai-
on (12) but also determines the variation of < WWD> with
§ -quark mass (to compare with [4])

i.. < ﬁu>=-'fig<0IT{ElL(O}fs(S)} jo>= (23)
s LK =— (0,04+006)GeV?

Then

= - —<UU>m = -
\<“u>ms=ﬁonev UU>m .. 0}'1-3'016 (23a)

< Eu>m5= 440 MeVY

Considerable decrease of | WWD| with the variation ot Mg
from 0,14 GeV to MWi.= 0 does not seem very surprising since
another nnndanaa.tea, €s e Ga'> [4] possess the ana-
logous properties. Prom the microscopic point of view the de-
crease of absolute values of vacuum matrix elements with the
decrease of the § -quark mass seems quite natural since topo-
logically-nontrivial vacuum fluctuations, e.g. instantons,

afe supressed by light quarks [8,9].

10

Longider now what would happen with the nucleon mass if
ms were zero. As it is known, the nucleon mass is determined
by the trace of energy-momentum tensor 9’4" and in the 1i-
mit My=My =0 it is equal %o

i & .

m=mg<NISSING - 2 <N ZEGHIND (28)
Adopting the values (7),(18),(22a) for  NISsIN)> we conc-
lude that considerable part of the nucleon mass (from 15% for
(22a) to 50% for (7)) is due to the strange quark. How does
this fact agree with the SU(3) relations for baryon masses
which ex_parimentallr hold with high accuracy? The answer is
that < NISsIN> is determined by the graph of fig. 1 being
SU(3) singlet under the assumption of g~ -dominance in the
correlators of the type (9). The validity of this statement
is supported by the low-energy theorems (15): their RHS for
strange inanstrange flavours as well as vacuum expectation
values (’Bi } (TS) differs by no more than 20%.

Tharaﬂra the oonsidered contribution is an effective
addition to SU(3) singlet G°~term in (24).

As it is seen from (24) M can vary by (15 + 50)% with
the decrease of msto zero., How one can understand this fact
from the point of view of QCD sum yules? Remind that in the
nucleon mess sum rules the :Ln.t'nrmatinn on N is contained in
the vacuum condensates <qq> )<G- 2)ses  varying with
Mg considerably (see [4,9] and also {23}1. It is important
that this variation cerfainly proceeds in the necessary di-
rection: absolute values of condensates decresse with the de-
creasing ms. This leads to smaller scale in the sum rules

-and finally, to decrease of WMl . It is difficult to make any

quantitative conclusions since the variation of the scale in
the sum rules for [ ( P’") (see (11)) with the variation of
msiﬂ determined by a number of factors such as the veriati-
on of higher stetes contribution, the change of the ratio

& ﬁ'G-G-‘\} /’<'E“'q‘> ahd S0 on. :
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4. Neutron electric dipocle moment,
Matrix element < NIGGIN>

As an application of the method described we would like
to point out the essential change of the estimates for neut-
ron dipole moment in the models where CP-violation arises in
the Higgs sector. The reason is thet the Higgs boson-quark
couplings are proportional to the quark masses. Therefore
CP-odd effects for S8 =-quarks are enhanced by the factor
Mg 4 mu i « Besides, additional large factor ctf’ﬁc_

( O.1s the Cabibbo angle) can arise here, Due to the large
nucleon matrix elements of § -quarks it leads to the enhan-
cement of neuiron eleciric dipole moment (EDM).

Congider for example, neutron EDM in the Wé@nbarg model
of CP-violation. It was shown in ref. [107] that it is mainly
due to the strange quarks described by the diasgramas 4a,b.
Theoretically, these diagrams are singled out by their loga-
rithmic divergency in the SU(3)xSU(3) aymmetry limit. The
crogges in figs. 4a,b mark CP-odd KN E_ vertex caused by
the operator

K =Ag§a'r,x53 G}w (25)

‘This interaction arises due ito the diagram 5. The comstant
; /\ numerically equals to

A =~ 4, 5. 40'235m (26)

By means of PCAC hypothesis CP-odd constant is transformed to
the form

l = 7 = s
I <KE |Hgin>
G, uln)

The resulting matrix element was estimated in the nonrelati-
vigtic quark model to be

%
}K(’Z 1ig s S A.

(27)

12

<Z"|igSq u%} G':L,u In> & o, 12 gev? ()

The strange quark contribution to neutron EDM was evaluated in
this way to be [10]

D (8) = -3 io"zse.sm (29)

In fact, the number (28) seems to be atru:nglr underestima-
ted. Reglly, we have from (13a):

m iKus Kus-jalg@ lT{s?u}tg)
30
—<99> u.S(o)}Io:»

The correlaior arising here can be found in the following way:
= :a“jig <o|T{UY. S KIS Oucy)}iod =
= (Mg-m ) Kgs + <ot [U'S, S sOullo>= o
= (Mg-M) Ky +<0l(W6 u—-35065) 10>

<z‘.'l7s"0 win> 2~

which is equivalent to method of ref. [11].
As g result, we find

S R AN R _E_l___ ol 2 (32)
<z"IZ0uln>a fﬂ e eV (a8
Here M3 = <q ;gaﬂm Wl fl)(%) o lGev?e,

f =< (§ oS- lAd‘Gl..L)) < ud'G-bl)"Ta determine f- we
u.ae the method suggested in raf, [12] to cglculate + t

=L (8S —UU)>L Uuu.‘) = -0,23, In this way we get

—S-%:—-i..:f- ﬂ_-'_—-O}‘lS (33)

(see the Appendix). Note that there could be other coniributi-
ons comparable to (30) (see, e.g., fige 6). Explicit celcula-
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tion of them leads to zero result for the specific choice of

the baryon currents in the form E“‘h"'q:* ft‘( qgc rr.ch) )

[7].

‘The result (32) exceeds by an order of magnitude the best
experimental limit on the neuiron EDM [1 3]. Thus, the Welnberg
model of CP-vioclation is defimitely excluded by the experimen-
tal data.

Barlier the same conclusion was made in the work Iﬁ#]
where the contribution of the disgram with the neutral Higgs
boson to the neutron EDM was eatimated to be at the level.
~10"2% gesm under the assumption that the coupling constents
of the neutral Higgs boson are of the same order of magnitude
as those of the charged bosons. It seems to us, however, that

taking into account the formfactors in the Higgs vertices leads

to the decrease of this number down to ~10723 gegm, Besides,

there is & more essential circumstance [14,15]. We have no in-
formation at all on the CP-violation in the system of meutral
Higgs hosons. Therefore the result of ref, [-14:[ can be inter-
preted merely as a limit on the CP-odd constants of these par-
tices in the considered model.

Among other interesting spplications of the method consi-
dered we would like to point out the estimate of the maitrix
srement < N [ Gy ép R,IND>  which determines the in-
teractlon of s paeudoscalar Higgs boson with nucleon. Using
low-energy theorem ['1 6],

1 4 7 B : ; - :
fdy <ol T = GE (YT I0>=—$j<qq> A
(in our notations) and formula (13b) we find

<-N lN* %G—gl N> & ZMWLrsN | - (36)

In the chiral SU(3) limit this formula corresponds to the value

3%:4 for the comstant g‘i of the axial SU(3)-scelar nu-
cleon current:

14

<NIZARKIIN> = VY,
{i—"“:‘tis
One can easily get this result by means of the expression for

anomaly: Za*"q'r E’Sq = “_.5 Ga’ The SU(6)-symmetry
gquark model also gives S q“— 1. Other estimates lead to the

values of Q3 somewnat snsller then wnity [17,18].

The authors ere grateful to E.V.Shuryak, A.I.Vainshtein
and A.S.Yelkhovsky for useful discussions.

‘\.,SN (37)
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Appendix

Here the method of calculation of the value } (see (33))
is described. In ref, [12] the correlators 3

jd,:;:e, <OIT{J(ZITY M (0} 0> (14)

ljal.xe,tqn:(czlr{ JE)SHE U@ o) e

are considered, where J = ul’ KSIB’ S . Keeping omly [ -
-meson contributien im (14), (2&) tha sum rules for them of the
form

2. mK i Mg~m, . 2 <(Ss LLH.T)
e'I'P( K m +muc 4 R R q b
mz-m < (M Au-m ss))
exp[ )SKC = 2“,_"‘-# “Mz S
are obtained, where c is a constant. Then
<iu'> 1L mx MMy (54)

where M=WL, »ia the typical scale in the sum rules for
07, 1" chamnels, :

To aat:l.mate '}s let us choose the current J in the form
UL a’,.,‘{s 1 l"""s « As a result, we get the following sum

Tules:
. 2 M o <(SGs- ua'Gu).\»
s W‘)f" mgfmu ! (64)
m% o <(MBoGU-MsSoGs)>
Gfo' “)f c' ~2 + (74)
M 3 Ml bas
They lead to ' '
<usGu> 1+3‘- my ms-hty : e
<so~GS> S M- mstMy

and we arrive at the estimate (33).
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Figure captions

Contribution to the correlator (8) from the expecta-

“tion value (9).

Contribution to the polarizetion operator (11) from
the expectation value < dq . CGrosses demote the va-
cuum fields.

An example of the contribution of Tu at small dis-

tances to & NIWuIN > (asymptotic loop).

Diagrams for neutron EDM in the Weinberg model of
CP=-violation.

The diagram leading to the operator § TG{ES in
the effective (P-odd Hamiltonian ( H is the Higgs
boson, g is the gluon).

An example of the contribution of Sa"GW st
small distences to < T | Sa"Gu I > (contribution
from the VEV < qqqdG>)e.

The diagram for the neutron EDM due to the neutral
Higgs boson exchange.
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