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M, - M, QUARK MASS DIFFERENCE AND

THE SCALAR FORM FACTOR OF K° n3 REACTION *

Bruno Machet

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720 (USA)

ABSTRACT

We study through QCD sum rules the connection between the invariant
- A
quark mass difference r;l\s - m, and the scalar form factor of the reaction
K% > n'}.t.*'vlj in the physical region. We use both theoretical information, (the

" value of f,_(0) and the Callan-Treiman relation, including mnzlmk2 corrections)

and experimental one (the value of'}\o from a linear fit) to give a lower bound for

A A :
m, - m,. Taking the world most recent fitted value for A , A = = .025, which

may be reasonably identified with the slope at t = 0, and f,(0) ~ .98, we obtain‘

~ . B
r;x\s - m = 250 MeV for Agg = 150 MeV. The relevant hypothesis and

experimental trends are discussed.

*This wox;k was s'upporte& by the Director, Office of Energy Research, Office of
High Energy and Nuclear physics, Division of High Energy Physics of the U.S.
Department of Energy under Contmpt DE-AC03-76SF00098. .

fParticipating guest at Lawrence Berkeley Laboratory. On leave from CNRS
Centre de Physique ’I‘héo_rique, Luminy, Case 967, 13288 Marseille Cédex 9,

France.
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I. INTRODUCTION

Despite the absence of any fundamental understanding of their origin, the

'masses ‘of quérks ‘aé..parameters appearing in the QCD lagrangian have been

extgnsively studied in the last decade.!® As their sum or differencé factorizes at
lead.ing order in the divergences of hadronic currents, they may be related to physical
observables via dispersive intregrals of the propagators of those divergences. This
sum-rule approach2 has proved to be very successful and led to abdeeper quantitative

estimate of chiral symmetry breaking. In the particular case of the m, - m, mass

difference, a recent study,® based on Laplace QCD sum rules and the Kn I = 1/2 s

wave experimental phase shift,* has give.n the bound x;x\s - au = 210 MeV for Aﬁg =
150 MeV. We want here to add another piece of information to the estimate of this
quantity, based on the available e)_(perimental'data on the K°p3 scalar form factor in
the ph);sical domain of momentum transfer. This is the most direct approach, which
could provide, in thé limit of high precision méasurements, very useful information on
the mass parameters. However, due to the experimental uncertainties, we shall have
to use in addition theoretical cons.traints deduced from low energy theorems and
PCAC relations for the pion; they are the value of f,(0) and ‘that of d(t) at the

unphysical point t = MK()2 (the so called Callan-Treiman relation). We shall use the

most refined versions of those estimates, and, consequently take them as fixed. The

experimental information will be incorporated through the value of the slope in a
linear fit of d(t), proportional to the parameter A : We shall identify it with the slope
at t = 0. Indeed, as far as experiment is concerned, there is no evidence for a
deviation from a linear fit. On the other side, the phgse shift analysis done in Refs. [3,
4| and the reasonable assumptions made therein give only a very small deviation from
linearity in the physical domain of t. We are thus left with two sources of

uncertainty, the value of A , which has been rather unstable along the history of Ké,



decays, and the scale Q% inherent to any QCD sum rule computation. As far as the
second is concerned, the boor convergence shown at the two loop-level by the aseries
for the propagator of the divergence of the.hadronic current makes us cautious and not
go down to Q7 lower than 2 GeVZ. About the first incertitude, we shall consider the
following choices of A ;: -
~-A, best statistics, :

-A, world present fit,

-A, world average,

-AD most recent,

which order 'in the sense of higher and higher values, giving higher and higher

bounds for "/‘: - r’r;u. While the order of magnitude obtained here agrees with that of

precedent work? if one keeps to lower values of A, this study shows that the interplay

between mass parameters and experimental data is very sensitive. In particular, if

the value of A  keeps on at a high value’(and still better measurements would be
desired), a reasonz;bly low quark mass difference would necessitate a slight

modification of the theoretical constraints.

II. OUTLINE OF THE METHOD

We just sketch out here the main steps of the derivation. Moré detailed
information'may be found in Ref. [5]. Let lp(qz) be the propagator of the divergence of

the strangeness changing current Vp4'i5:

S vq. X ‘. '. '
V()= LJ‘““ e Vol T YV Vo) T0>
) ‘ (2.1)

Recall”

VF & )
q}, V)A 'M'i () = ~\:(m,,.m,._) §(x)‘l>(u(x) .(2.3)

5 (x) X/“ uilx) (2.2)

Saturating its absofptive part with the K%* intermediate st‘ate', using crossing

analyticity and the positivity of the spectral function, we end up with the inequality:®

. . 00
Ve 2 Vit)(tb)
@225 o) p 2 L far EYERIEED )
Oq)r ko b (teqr)? (2.4)
where the notations are the following: _ Ql: -C“/ q‘ <o,
bem (M, vMm) b = (Mie - Mp-)® s
_ _ o (2.5)
k3 3
deE) = (Mg - MaZ) Fo(t) « b FoCE) (2.6)

is the scalar form factor of the K0p3 dec-z\y, withf andf defined by:

n(p) [VPY ] ke (p) > = (prp) Eetta (p-p) M Ect)

(2.7)
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. _The‘s/z if the r.h.s. -of Eq. (2.4) isan isospin Clebsh Gordan coefficient.
Takmg the second denvatlve with respect to q makes’ \p"(qz) a convergent
quantity in QCD. We shall use its 2- loop expressmn in the MS renormalization

scheme:3%

3 (,’;;(Q")";v (Q‘))a X
vt 8

‘t e - . . N .
1. ms (§2) + W, (]) *(VM(‘?)’_“""(“ )) . @(."‘.’“ P, &

0(;(62‘-)(41 . (Q('M’* “Q’*)>

¢ L’(Mu* i.m,)<§s> + (msyleV)(\Tv>
3 qlv
. U L {
NE T3 L S O ( = )
3 R (2.8)

where we have incorporated the non perturbative corrections up to the power’ Q.

The m., 2. are the running QCD masses:

= - ‘:‘\“» Yp O b ®Ypr . Jt,{“Y'F" 1
mg(‘?) - )-Y./P P'a —"‘""{ EW,Q_‘/A (h ( P' )

(z,

(2.9)
The m/s are the invariant masses under the renormalization group equations; B, f,,
V|, ¥y are the first 2 coefficients of thé expansion of the renormalizaton :'group

functions f(a ) and y(a ) respectively.

—_

qt q‘ w

g- ?n Q’/,‘I.

"_whlch projects the cut [A_

For 3 colors and 3 flavors we have 72

{;‘:-%— ,K.:z ,(£z=-g )rq_:gi .

: us(Qz) is the QCD running coupling constant:

' ' 2T . :
() = . @aD
P B Sy

The non perturbative terms are calculated using the PCA(__J estimates:

(MQ+MJ)(.(_UU:> +<‘ld>> = 'ZF'\Tz Ny
: . (2.12)
. - >~ o — ZFL A
and taking the SU(3) symmetry relation <uu> = <dd> = <ss>. F‘or the term

a < FF > we use the recent coriected estimate:3

o/s< F/’“>- A (o)t (2.13)

The.inequality {2.4)-and a technique originally due to Okubo® is at the origin of the
. A A
bounds that we get for the quark mass difference m_- m . (See Ref. 5 for more details.)

We use the conformal mapping:

. ey
e dee Lo X (2.14)
4 -2 ’ b .

o T ;»l of d(t) into the unit circle in the complex z plane. It is

a simple matter to incorporate as constraints the value of d(t) at any fixed point
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2 : '

outside the cut and also its derivative at one or several of those same points. We shall

take here as constraints: . ) . . 1 ’ .
. ! B3 1 (%Y

- the value d(0) = (Myo?- M, -2) [, (0) : 22w (dlg(e) -4t o) ‘f(o))] 1 4(0) ¢ (o) [4(0) ¢e)-4bed (o) ‘?(O)}
-the value-d(szz) given by the Callan Treiman relation, . ‘ L

- the slope d'(0). at t = 0. (2.18)

The final condition is given'bythe positivity of the determinant:5 : ~ -
. 2 .
where the function F(Q?, m,, m ) is
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(2.15) 3 Q' . 3 ]*
where z, means . )
(2.19)
: - From Eq. (2.18) the bound on r'r}s - Qu is obtained by an iterative procedure similar
\, t-" _ M:- - \l b 2 16) to that of Ref. {3]: we neglect in Eq. (2.19) Su with ‘respect to r’n\s, start with, £s=
-l .
z (MK ) = = ) 0, then plug in the r.h.s. of Eq. (2.18) the successive values of m_- m  so obtained.
te - Mxo + \‘ t, The procedure converges for small enough values of r;s - l?’lu (The limit, given by

the pole of F, is above 600 MeV for Q2 = 1 GeV?2 and so doesn’t constitute a
The finction ¢(z) is computed by standard technique and is.in this case given by:

( o | ) I
VT e -
q(2) = _\.'\[3. L _"_*E S .
A U
< h te ™ .\-E')

limitation of the method here).

: (2.17)
The-equation (2.15) may be rewritten as:

4 . | g~ =
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1II. PHENOMENOLOGICAL INPUTS

1. f_(0) and the Callan-Treiman relation

- The ideal implémentation of the method would undoubtedly rely on high

precision measurements of d(t). As this is not yet the case, we shall supplement our

" lack of practical knbwledge by constraints that one expecté to be valid at a high

' accuracy.. We shall take those constraints as fixed and not as varying parameters.

”T'hey are the value of f, (0) and that of dt) at t = mKoz. The form factor £, (0) has

" been ;iiroved to deviate from its SU(3) value (f,(0) = 1) only at second order in the

;-

SU(3) symmetry breaking para’fniete.r. (Oé;,zlso) 10,112 we sh'a(lAl use the most recent

evaluation of the breaking giv’eh in Ref [11b]:

| 5-57"5 (Ml:—‘ - M,—:~)

fefo)- 1

[
!

- - ——
3Tt Fr My

(3.1
which leads to

fe(9 - . 372 . (3.2)

This value is in good agreement'w‘ith' the experiméﬁlﬁal result of Ref. [12].' We shall
take the Callan Treiman relation {13a} includi;ng: mnzlsz correctioﬁs as given in Ref.

[13bl:

v mdsms’

ST T R SR

" In the SU@) limit <uyu> = <dd>. = ‘<ss>, the ratio ‘rhu + my/m,; + m_ mnay be

extracted from current algebra Ward identities, which yield:

10
2 kN
Moy md Fr Ma- (3.4)
M s wms ) FKL M:v

We estimate the ratio f/fx via the experimental data on the decays n — uv and

K- p\./. We obtain
— - A4S €.5)

and

d(Me) = 411 My, (3.6)

2. Values of the slope at t = 0:

The method employed only enables us to constrain the derivative of the product
d X ¢(2), whicl_x means that we need the knowledge of both d and its derivative at the
chbosen point. t =0 is particularly suitable because, up to now experimental data do
not give any evidence fo_f d(t) devia-ting from a linear behavior in th'e physical domain
of t. - | ;

Following the usual parametrization:

m

d(k)_ d (o) ('(+ A"i ) S (3.7)
N r . | -

. we shall consequently identify d'(0) with d(0) A /m 2 that is:

d'(v) - (_M\:'* _M;-) f, (o) Ao Lo R

M-
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We may compére this assumption with the results gi\_/en By ghé.phase shift analysis of
Ref. {3,4) (d(0) is accordingly-expected to be a convex function). 'II; gives |
 d'(0)/d(0) = :96 -GeV'2, .corresponding to A, = . 022 So, in this approach, the
deviation-from linearity in-the physical region is not expected to e:_(ceed" 15%, which is '
smaller than the smallest experimental uncertainty on A .

Let us:summarize the experimental situation: ‘the higher statistics has been
obtained-in-Ref. [15] which-gives'A | =-.019 % 0.006. All the posterior data give bigger
values, which- may reach Ay = 1046 [16]. (However the statistics is 6ﬁen rather poor.)
The most recent data are those of Ref. [17], with Ao = ,034 + .007; Seve;al older

experiments-had given a-negative slope, which restore-the present world average to

' C - 14
‘o = (0T . 006

and the fitted value to A, =.025 + .00614 Though a negative slope at the origin .
seems now out of the question and is in contradiction with the analylis_ of Refs. [3, 4],we
have no reason ﬁ prior‘i-todisregard those resuilts. “We shall subsequenty give ou.r
bounds“l;;);- fh'erfour-ichdi_cés: -}\;i best statistics, A fitted, A average and A, most recent.

-3.“The choice of the QCD scale Q2

Al QCD information lies in the function F given in Eq. (2.19). The bound on 65

A
-m, behaves like:F¥2. Let us study separately the strict.perturbative series:

G(&,m S I I ) W st Wy s W G
AS § IR = - Qz' - 2 f|—' . (3..9.)

B ‘ﬂl (Mui '/1 Mé)(?’) y(\M; 'Va“v)(Cv> Hl--(¥ FF> )
3 ,Q‘ > R

and slightly anticipate our results to give an-order of magnitude of the corrections:
P - . ) N
taking m, ~ .25 GeV, m ~ 007 GeV and .using the Egs. (2, 9-13) we obtain the

parametrization:

12
<129 . (. 2 FoME
" gat v Mu 2
G(] )= 1 - > iy — e
K A0 T, 4 2 QY
: (alew 'Q‘/A") Y/I'Qz (‘ /A ' =

Taking A = 150 MéV, we obtain the set of corrections displayed in Table 1.

The seriesina is evidently poot"ly convergent at this order, and the relatively low

(~ 30%) global correction in G at low'Q’s is'due to some fortunate cancellations that
we reasonably cannot: advocate ‘to ‘trust the final result. The non perturbative
contributions are rapidly damped asexpected, and take reasondble values at Q > 1.4
GeV. “At this value the mass corréctions are also small and the series is mainly driven

by its-a_ expansion. We shall take the conservative attitude not to trust the results

2o . ) oy o A )
‘below Q%= 2 G&VZ, at which scale'the:QCD corrections to m, - 91 o amount to = 13%,

-~which is-within an écce’ptable*rang&

(3.10)
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[V. RESULTS AND DISCUSSION
‘ The bounds on I’I\ls - ;u as fﬁﬁctions of Qz, for A = 100, 150 and 200 MeV and for
the 4 choices of Ay exposéd in the last section are shown on Fig. L Taking Q@ =~ 1.4
* GeV, the present experimentai data on )\0 allow a lower bound ran‘g’i:hg'from 160 to
370 MeV. The present expériméntal trend favors the bigger results, while the data
“with the best statistics (and the phase shift analysis of Ref. [3.4]) favors the lower

ones.

If the pre"sen't trend persists, we may have two attitudes: either take for granted '

a big mass difference or question our theoretical inputs. In our opinion the value of
f+(0) seems reliable; It is thg Callan-Treiman relation that could be the most subject
.tocautio‘n. Indeéd, tﬁé ana.lygis of Ref. [3.4], (though not itself exempt of uncertainly)
gives, through an Omne$ relation ami for f£,(0) 'givén by Eq. (3.2), d(MKOZ) =
1.20 MKdZ iné.tead of our input of 1.11 MKOZ. This small (= 8%) variation has the
" effect ;f decreasing our bounds b.y around 50 MeV (for @ = 1.4 GeVand A = 150
MeV).. This ratﬁer.high sensitivity together with present experimental uncertainty
keeps llSl:i‘TOm giving véry precise results at the moment. As the Callan Treiman point
lie;s outside the physiéal regioﬁ and coﬁée(juently outside experimental range, it is
th’r;ﬁgh more ﬁrecis’e measurements of the slope of the form factor that we could
.str.e!ngtheim the ‘constraint on r’r:si— r’r\xu quark mass difference. The sensitivity of this

quantity to experi'r'nenta'l data makes such measurements v'ery desired.

.
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Table 1.
Q GeV mass a, m<yy> a<FF> G 1/VG a(m_-m )inf
8 - 1275 4868 - 5T 5113 1.3 1-.1229
1.0 -7.3010°2 4295 -.2338 2094 1.332 1-.1335
-2 3 Py
1.2 - 4.6710 3918 -.1128 1010 1.333 1-.1339
1.4 -3.22102 .3648 -6.09102 545102 1.326 1-.132
{(10-2 -2
1.6 -2.3410 3442 357102 590102 1317 1-.1286
.2 -2 -2
1.8 17710 3279 2.2310 2.10 1.308 1-.1256
) -2 . :
2.0 -1.3810 3146 1.46 10 130 10°2 1.30 1-.1229
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