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1 Introducit'ion

tarting from Gasser and Leutwyler pioneer paper [1] it becomes cie:-ir that. -
the difference of the current masses of u aind d quarks is non-zero- “cven
in the absence of electromagnetic interactions and is comparable with the '
masses of 2 and d quarks themselves. Weinoerg in his famous paper (2]
demonstrated that the values of u and d quark masses can be determined
from the masses ol pscudoscalar mcsomc octet in the model ind cpendcn*

" way and found m, = 4.2MeV,my = 7.5MeV and

B=myg—m, =3.3MeV ' B (1.1)

The non-zero value of p causes the difference between the values of QCD

condensate of u and d-quarks. The parameter-

_<0}dd| 0 >
T <o0jae|o>
charactenzes the isospin vmlatlon in; qua.rk condensates.
The knowledge of the numericall value of v is important as 1t. cnters
along with the mass difference g in the determination of the value of isospin
splitting in hadronic multiplets, the violation of isospin in various decays

(1.2)

-ete. The magnitude of v is also interesting from the viewpoint of nuclear

physics. Indeed, it enters in recent attempts to explain the discrepancy

. between the theoretical and experimental results on the difference of mirror

nuclei masses known as Nollen-Schiffer(NS) aiomaly [3]. The idea behind
the explanation put forward recently [4],[5] is based on the reasonable as-
sumption that quark condensate in nuclei are suppressed compared to their
vacuum values and as a consequence the neutron-proton mass diflerence in
nuclei, entering in the formula for the mass difference of mirror. nuclex is

,smaller than that for free protons and neutrons.

The parameter v was calculated in a number of papers using different

- apnroaches. Gasser and Leutwyler [6] carried out the calculations in the

framework of chiral perturbation theory. Paver et al. '[7] considered the
constituent quark model,whereas the Nambu-Jona-Lasinio model was used
in [4],(5]. In several papers the parameter 7 was obtained from the mass
splittings in the framework of QCD sum rules [8-13] with results ranging

from -—3.10“? and -1.1072.




‘We see certain shortcomings in at least part of the above mentioned
calculations. For this reason we made a new atiempt at extracting the pa- -

rametec v from the values of the mass sphttmg,s in the baryonic octet based

on the QCD sum rule technique (for discussion of prekus calcnlatmn-. and -

a comparison with ours see Sec.5).

From our point of view this way to extract the y pa.rameter is one of the
most promising. The reasons arc the [ol]owmg Experimentally the isospin
mass splitting in the baryon octet is known with a good accuracy. The
electromagnetic contrxbuhons to the mass splxttmgs are reliably estimated
[14] and they are rather-small, especially for hyperons.The QCD sum rule
method of mass determination works well in the ease of baryonic octet:
three terms of the operator product expansion (OPE)are calculated and
all the sellconsistency checks are fulfilled. Using this methad the baryonic

masses [15-17], magnetic moments (18,19} and-other static parameters were -

calculated, all in a good agreement with experiment In the bar/on ‘actet,
there are thtee values of i5ospin mass sphttmgs which can be, used for de-
termination of : n — p, £~ — &% and &~ 0. (The £~ — X0 splitting is

" not snitable for thié goal,due to the mixing 2“ %vith A® via isospin violating

_interactions). In QCD sum rule approach there are two equations for each
mass splitting, corresponding to chiralitiy conserving and chirality violat-
ing parts of the polarization operator. Therefore, there are six: equations
in which v euters and many checks of self-consistency can be made. An

essential feature of these cqnatmns is that 4 appears with oppdssite signs ‘

in n —p (or B~ — £+) and E- — =° splitting while n — p splitting is more

senmsitve to j, then to 7. Th)s permits us to obtain reliable upper and lower

bounds on 7, while determining p in an independent way and allowing for
a check of Weinberg’s ptedxctxon (1. 1)

2 The Method :

In the QCD sum rule mcthod for the baryon case we cons1der the. polanzar
tlon operator :

y Ii(q) = z/d‘ze“” <0] T{n(z) 7(0)} 0> B (‘2 1)

where 7(z) is the current with the baryon qua.ntum numbers. For the pmton
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3

n(x) = e u?(2) Oy (@ s’ (w) : (22

Here u“(a:) and d‘(z) stand for the u and d fields,C is charge comugauon
matrix, a,b,¢ - are colour indices. In order to obtain the hyperon current
the {oll_owmg substitutions in (4) must be done in (2.2)

Y iu—~—dd—os.

T¥:d—s,

—

=7 tu—s,

2iu—s,d—ou

As dlscussed in Refs.[15,20], the current as deﬁx;ed in (2: 2) seems to be
the the most suitable one for the calculation of baryon masses.Tt results
in a relatively small contribution of higher excited states in both chiral
structurcs 49 and I, of the polarization operator

M(q)=gM(a) +M(¢®) = (23)
and in a good convergthcof the OPE.
-+ For each structure II),'-Hz we can write the dispersion relation

I

Maale?) = (1/m) [ 22) ””(’) | s

The left—hand side (Lh:s.) of eq.(2. 4)1s ca.lculated in the framework of OPE
at large negative values of ¢%, i.e.| ¢ |>> R;? where Rc denotes the con-
finement radius. In OPE we keep terms up to dimension d = 7. As was
shown in Refs.[16,17] (sece also Appendix B of Ref.[18]),operators of higher

dimension (d = 8 for II; and d = 9 for II;) give small contrbutions to the.

sum rules. We also neglect the perturbative corrections of the order «, (as
can be shown using the results of Ref.[21], they mainly afTect the residue at
the baryon pole but not the baryon masses).




The rh.s of Eq(24) is. represeﬁte&mterms o&physxcal states and

' mode!led in such a way that the lowest energy ‘baryon state i is.singled ou
while lugher energy states are appro:umated by a contmuum z

p; 2(&) Az(l M)6(5 —. 2) + (p] 2(8)9(3 leﬂ) ; - ‘ . (2.5)

Here A denotes the overlap

<0|n|B>-'u\§vB - o (2.6)

between the vacuum and respective baryon while vp is the baryon spinor.

The functions ¢; 2 in the second term of (2.5) are determmed as the discon- .
tmumes of TI{» at large s . » P ‘ ) . /.

P1(s) = (E;)iﬂm(s +ie) ~Thy(s—ig)] (27)

The continmﬁn thresholdé f! (wlni(;lx may be unequai in the geﬁéral (a:éé),

the pole position 72 and the ovcrlap ,\2 will be the variables to be dﬂtcrmmcd-
from the sum rules. !

We apply the Borel transform with the Borcl mass M to bnth mdes of -

eq.(2.4). This procedure is uscful for several reasons. It removes the sub-
traction terms from the dispersion relatien and supresses the contribution

of excited states in in the r.hs. of (2.4). It furtheimere suppresses the -

contribution of the next to.leading terms in OPE of the Lhs. of (2,4),
thus improving converg_ence of the series. After the Borel transform, the
“sum rules appear as equations that hold for a range of values-of A/, the
confidence interval, where the contributions of higher order terms in the
OPE are small and the impact of the parametrization of the excited states
in the r.h.s. which is model-dependent is minimal and doeq not’ exc acd the
contribution of the pole term.

This method was used in [15-17] to determine octet baryon masses in the
absence of isospin violation. The parameters of m, A and W were ebtained .

with an accuracy of about 10-15%. There, it was shown that in the nucleon
case the quark condensate < 0 | @u | 0 >=< 0| dd | 0 > plays the
dominant role. When considering hyperons we must iaclude the strange

quark mass m, which breaks the SU(3) flavour symmetry, as wel’ as the -

o Ilavour symmetry bteakmg in the st.rauge condensate -

P e
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<0|5s|0>

2
<0|uulﬁ> -t ( )

.. B=

' The best fit of hyperon masses to the QCD sum rules ca]cnlatxons is pro- -

vided by the values m, = 150M eV and ﬁ —0 2 - gee ref.[19].

'3 Sum Rules for Isospm Splittmg in Baryon Octet

lIn order to include the isospin violating effects we need to take into accoun!: _.

the non-gero values of the ‘quark masses my,my. In order to extract the.

isotopic mass differences, it appears reasonable to consider the difference -

of the sum rules for baryons that. differ by isospin projection only. Thus,
we shall arrive at equations for the parameters §m, 2%, 6W? as well as y
. Since we neglect the electromagnehc effects b'm represents a subtra.cted

mass dxfference

<

6m~(6m)ph,,-(6m),z S a (3 1)

- where (6m),h,, is the physical (experimental) value of mass spIittmg and
~. (6m)e is the contribution due to electromagnetxc mteractmn For the Iatter
. we take the va.lues presented in Ref. [14] :

C 4

(e — m,,_),, = —0.76 :l:"0.30Me‘Vf (32
(e — mpe)a =017£030MeV . (33)
(mz- — mes)a = 0.86 % 0.30MeV - (3.4)

Taking the experimental mass differences from Ref.[22]

(Mmn — Mp)phys = 1.29MeV : (8.3)

(Mg~ = M Yphye = 8.09 2 0.09MeV, (3.6)




fmy =2052030MeV . (38
‘ '_a_,—,i,,.—.lr.g:&osauevv- R R~
6m=-—5.54ﬂ:0.67MeV g L (340)

- We. perform our- cnlculatmns to linear otder in the xsospm synmletty. :
' violating quantities, i.e. v and m,q and in m, . The polarization opu‘ators .
for T+ and E° ‘were calculated in [17] to lincar order in the strange quark

mass. It is trivial to obtain the. proton’ polanzatmn operator including the
contribution from the light-quark masses mq, by simply replacing m, hy
‘mg(m,} in the polarization operator for B*(Z°). The neutron result is then
arrived at by further substituting m, .« my. The ‘appearance of the ¥

factor is alss easily tmdbtstood In the lowest order dmg:am for the OPEof - °

the polarization eperator of the proton (neutron), it is the u{d) quarks that
. form a loop.Therefore, for the chosen form of the source current {2.2) for the

‘proton (ncutron), the u(d) ‘condensate appears in the chirality conserving
structure while the d(u) condensate appears in the chirality violating one - °
(see also [5]). The polarization operators for the £ and E can be obtained e

fiom the corresponding formutae in Ref.{17} in a similar manner.

nucleon
{2;1[&1\[21"0(“ /1’\[2)I,°l - %moa,[,‘z]-i-
2 _ '
2 my /M _ ¢12 m
| B o= '7a L}e N | 8% — 243 &mm- | ‘
o  'We take this t a misprint lnRef.[Iﬂ. 'Ifbec.ctqc 1/2 in front of the fi-st termi of
Ll A!l»lmh&anhﬁhumb,m T ek S Lt e

Al

Tlms,usmg eqs.(H) :md (17) of Ref[17] we obtain the sum rules Eor | §




»ezp(nﬁﬁ?e—)L“(W‘ -—bj&W e .'.7
{z,;[ms,(w},/w)zr’ ; -a’1+

+27aM‘E1(W,, /M’)}e""«f"’ =ém 1d2‘-- - 11:\2

“’i "‘”2""“"‘"%@)“”6%” e

‘ whete b'f f(n) f(p) The fnnctmns

B@e-e g

Cm@e-aese @)
VEg(z) 1- (l+z+-——)e"' ;' .I'(S.IS);

B takemtoaocounttheconﬁnuum Theparametma,bandm‘areconnecied“;,':

- with condmsates

a=-_-'».(z;)'<o;auv1'o>ﬁe_fq;ssaev?. L Rt L e

=

b= (2n) < 0] (e/m)GLG | 0 >= 0.5GeV* (317)

g < 0|50, )"G], wl0>=ni<0la|0> (3.18)

~ m? = 0.8GeV?2. (For a discussion of the numerical values used here see
Ref [23] ) The factor




M
L= lrgmy

~ accounts for anomalous dnmensgons (& is the normalization point). In what
- - follows we use the numerical values A = 150MeV, i = 0.5GeV. Also we take
the value of the residue at the nucleon polc and the continuum threshold WW?

obtained from the best fit for the sum rule in the nucleon channel (isbspin _

symmetric case, sce Appendix-B of Ref.[18]) -

-

A% = 320'0% = 2.1GeV®,

Wi = 2.3GeV?

(3.20)

- (321

For the sake of generality we have assumed that the values for the continuum
threshold differences §W],yin equations (3.11) and (3.12) may be different

although it is a simple and plausible assumption to take them to be equal. -

The sum-rules (3.11),(3.12) must hold in. the Borel confidence interval [16]

0.8GeV? < Mi< L 4GeV?

For by hyperons we have in a similar way -

{—ﬁ—pmoaLf + g—'yazL}e’"y‘" ’ =

7 (IR i
We = ) 1w+

= - ' 1-
AL — 2715 12 — Cexp(—
g z\)_, mgm;;/ﬂf 2837?( _M'~’

+b/2 ~ 4m,a(1 + B)6WE

Da(p+ym, )M = _5m (2"“3 1),\2 +653my

e”P(— _ E)""3:[4‘1‘(1 +h) + mst]5W22

(3.22)

(3-23)

(3.24)

' (3.19) .



. e
. wheze&f f(E) f(E-{-) - o Do e e
"The constants A§ and W were detemuned in [18]
ST WE=32Ge L T Gaey
* Equations (3.23),(3.24) must be satisfied in the interval et
126GeVi< M?<18GeVE a8 27)

Note that in this case the i xsospm vmlatmg effects mamfest themsclves only .
~ in higher order terms of the OPE; they disappear at h:gh ' a.nd do nat‘ .
contribute to dxscontmuxty, ie. (sec eq (2.7)) i g D

.sw,,:zan:o o . (3w
- The sum rules for ._.Lhyperons read | o

-m{ws.,(w’/w)r Sil mzL-ﬁjem%/"’

L ﬁié - 2X26msmz/M 2 7

;-e P(-W“ = ')L"(“’s‘ + %E)SWI"S A 7_ (3:?9)
; -‘{2#[M—6E2(W-§"/MZ)L'2--;~%a’(l+.,6)2)']I+_ " e
+2ya[MAE, (W2 /J\I") + %am,(l s b)]}e;u’g/w -
= 6A% — bmz(2mi/M? - 1)A2-
| ;éqe?P (- E%—,—mf) WIWE | '(3.3'05




. whete 6 = f(Z7) = {(=7) and (see [19)) -+

‘ 2 = 5.0GeV® ' o (331)
Wi=36Gev . (3.32)

The sum rules (3.29),(3.31) are expected to be satisfied for Borel masses

12GeV? < M? < 1.8GeV? . (3.33)

It is instructive to also consider the linear combinations of Eqs.(3.11)
and (3.12),(3.23) and (3.24) and (3.29) and (3.30) which do not contain the
unknown constants §\%. We preseut them: under assuinption §W = 8§V}

- for each baryon. Putting the baryon mass splittings on the Lhis. of the
sum rule equations we obtain for the mucleon

dmy = em;'/Mz:\_;,-z{[;L[—ZA’[?EQLJ-\‘-

»{»ga? — Z/mN EgnAIQL"f -+ %1nﬁ-7115aﬁ"21¥ .

. —2ya(M*E; + gam[,) — §Whexp(-W3 /M*)x

1., vl ’ . _
x[§W§mNL-‘+meNL—"—2aW§]} | (3.34)

For %-hypcrons (assuming again that we can neglect the isospin violating k
effects in the continuim) we have

fmy = e’"%""”iaz{l‘gﬁ‘ﬁa[aJr

1 s, :
+§m(2,mgL'l] - gq'a'(mgL - 2m,)} - {3.33)

7 The analogous sum rule for = hyperous has the form

bing = em/M ’Xg’{ép[M SE,L 72+



gt Tlowever, due o the fact that only one tcrm of the OPF conlnbu cS ln ﬂm L

: 4 The Analysxs of the Sum Rules

=4 ‘ 'Each of the equahons (3 34) (3 36) can be wnttcn in the form L .

result. Including the uncertainties in (3.9) and-an upcertainty of, say, 3
MeV o the quark mass d:ﬂcrencc, the only sal‘o con‘ﬂu oﬁ“wc T

.rt,he mterva,l -6.10% <y < 0.

. -02(1 + ﬂ)2 + am—(A12EoL + Gmol "‘2)}—1—
+2'ya[M‘El + 3m,a(1 + ﬁ)] - 5W’e:zp( W’/M’)x

(—m—(w_ )L‘ 2aw’1}

i A(Mz);z-;-B(M’) + C(W)aw2 f (4,1) .

OI these equatmns (3.35) is th, simplest one, as MVL = 0 - sce eq (3 ‘28)

~ For this case straightforward ecvaluation yields Ay = 1.4(1. N, By =

. ~0.85GeV (—0.75GeV) for a Borel mass M? ='1.2GeV*(1.4GeV?).. ‘iﬂb- /

~ stituting- the ’vafues for the guark mass dxﬂ'cwnce and the: isot:pic. mass e
. dxﬂ'erence n=3. SJlIeV Fq (1.1)) and 6"1)3 See. (3 9) we_ohtain from (4 1)

3= =27 % 107%(=4.2 x 10"‘) C (4 2)

% sum rules in this casc, we cannot attach too mmch: sxgmﬁcanre 1ol ﬂus ‘

f 23 Faciy

oy
e

from-the X- hyperon sum rules is that 7 is neg.-nl.ve and hcs soméwii‘é

. Let us now turn to nucleons and E hyperons In thls case we neeﬂ

estxmate for the difference in the coutinuum thresholds for the particles -

dxffermg only in isospin projection. In the nucleon case for example, we
expect a difference in the continuum threshold for the neutron and t:he
proton. It secms teasonable to assume that SW? is pos:twe, aud that for

“each baryon

§W?  26m - :
. “/ y & m . R o (4'3)




o

_ The equation for the = hyporons(3 36) yte]ds an important picer of infor-’

mation as ¥ enters with a positive sign while C(M?) is ncgau ‘e. Thaus,
we are able to obtain the upper bound on | v | by putting 6“/ : = 0. The
; mmwnml \zahws for the cmﬁ'mcn!s A-C are

As =2.46(2.75) B: =1. 15(1 16)GeV,

for M? = 1. 6(1 2)GeV2 The-weak dependence of the coefficients on the “
Borel paramcter Lndxcates a certain amount of selfconsistency in the sum’

rules. Using the numoncal values of g and §mz as given by Eqs.(1. 1) and
(3. 10) we obtain -

7> -35x107 A (45)

- Larger values of | v [ are nn]y poeqlblc at the expence of larger values of the
quatk mass difference,e. gy = —5.107 requires jt > 4.5MeV '
For the micleon Fiq.(4.1) is satisficd with the cocflicients

Ay = ~0.46(—0.61), By = —1.92(~1.84)GeV . i

Cy =0. 046(0. 065) GeV™! (48

at M®=1. O(ll‘)G'eV2 From (4.3) v-c can estimate 8§13 < 1072GeV?. and
therefo:e

CK(MZ)MV,%, << bmy — Ax(M2)p . 47

Thus, clearly we need a non-zero and negative value of 'y to satisfy (4.1).
Again,since negative values of 4 and positive ones for 5WE contribute with
the same sign to émy"— Axp, we obtain an upper bmmd for | v | by
setting W2 = 0.This turns out to be | v |= 2.1073 for ,u = 3.3MeV More
precisely, with dmy =2.05 AIeV =8 'L\IeV and §IVE = 8 x 10 3GeV?
Eq.(4.1) yields

yeosi2007 s

"'71'C=--_--0 174(-022)GeV ()

TS

A
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for 0.8GeV? < M? < 1.2GeV2. The nucleon sum rule p:ov:des a nmch
stronger upper bound on | 7 | than the E sum rule for the case of la{ge <
p: even for p = 5MeV ‘we find that | v |< 3 x 1072, However, it'is clear
that there is a dependence on the Borel parameter M? in. these sum rules,,
which indicates that higher order terms in' the OPE’ aré ron- negligible -
and deteriorate the accuracy of the ressult.. Therefore, our censervative

" conclusion from the consxderatlon of the sum rules (3.34)-(3. 36) with szpect '

to'yLs

v=(- 2ii)10'3 s ) (4;9):_

Let us now study the sum rules (3. 11) (3.12),(3.23), (3 24),(3 29) and (3 30)
which contain more information,as it is possible to extract 6X2 in two ways
“from each of pairs of the sum rules and to check if they coincide and depend
weakly on M 2 We have plotted in Fig.1 the result for 5)% as calculated
_from (3.11) (curves labelled (1)) and (3.12) (curves labelled (2))for 4 =
3.3MeV,y = ~2.107% and §W? = 6WZ = 1. 10~2GeV? (sohd curves). The

agréement js satisfactory and the M2 dependence is weak. " In fact, the

agrecment tends to be more pronounced for slightly smaller values of | i
7' |. On the other hand, we also find that the sum rules-cannot be made
consiétent for larger values of | v |, such as the value | v |> 61072 ‘which
was. used in [6,7,12]. A closer look at tke linear combination of the sum

rules (3.11) and (3.12) that eliminates 61} with the condition W3 = §WF .
- remaved, reveals that it can only be sa.tlsﬁed for §W} >> SW3. T!ns bem,g
favoured in the case of large | 7 {, we plot in F:g 1 6X% as predlcted By
- each of the equations (3.11) and (3.12) for ¥y = —6 x Ii)"3 ‘and §WE =

25 x 10-3GeV -2, §W2 = 0 (dashed kines). A strong discrepancy of two:sum -
rules is evident. We would like to stress that the unreasonab}y large value .
for 8W] used serves to reduce the discrepancy between the curves. Indeed,
Eqs.{3.11) and (3.12) show that reducmg §W ot mc:easmg JW’ mcreases
the discrepancy.
~ In the same way we can mvestxgate ‘the domain o{ smail For } Wc ﬁnd s
ina smmla.r manner that a value of ¥ = 0 can: only be tolerated at the
expensé of a large difference beiween ﬂV, and W32, for instance 6W2
and SW¥'= 10 % 10-3GeV*. This bemg unreasonable, we.can safely exchxde
v+ 0. !
We present in Fig.2 the results for the analogons investigation of the =

B S




hy;aefon sum mle.'l‘hesnhd hnesco:mpond to ¥= ~2 10" Wi = 6W 2

- 3.10°2GeV?, whereas the dashed lings were produced with v= —6. 10'3 and _
: i’"6W? = §Wi.= 15’10” -Again, the values oI §W}, were chosen such to
.- maximize the agreement hetween the curves. As before, good agteement is

achieved for the first case, dxsagreement for the second.

‘Fig.3 shows the result of evaluating Eqs.(3.23) and (3.24) for the hy— o

peronthh'y——2lﬂ"’,y=33MeV and W} = W7 =0

‘Finally, we would like to mvestxgate the dependence of the sum tules on

-the quark mass difference. As the E sum riles are most sensitive to this
parameter, we shall focus on those. We have plotted in Fig.4 the prediction
: for 822 from Egs.(3.29) and (3.30) labelled (1) and (2) respectively, for
7 =~2.107%,and §W} = §W7 = 3x107GeV? for two additional values of 4,
namely p=23MeV (dashed Tines) and p = 4.3MeV (solid lines) (see Fxg,2
for the intermediate value of ). Ttis clear that both choices lead to a serious

disagreement between the curves, that can only be resolved assuming aiatge o

difference between SW3 and §W? which appears unreasonable .Comparing ~ -
Figs.2 and 4 we conclnde that u should be close to 3 MeV with an error-

(conservntwely) of about + MeV.

* Our final-results then for the quﬁhtnues 4 and p as unphed by the sum

: rules (3 '11) (3 12) (3 23} (3. 24) (3 29), and (3 30) are

2

p=my— m.,—(soilo)Mev' '_' (411)"

oy T

‘ _Jn order 10 pul thw result inlo perspective, let us- comment on ﬂw ap-

proximations going into it. It is knpwn [16,18] that }nghet order terms in
the OPE neglected here are small for the sum rule for the nucle on mass,
and cannot change this valne by more than 10% . In the sum ruks sh«dmd
above, the contributions 1o the sum rule coming from the highest ditnension
£l terms in the durahty preserving structure (terms of the order ~ pmiay are

-;tijv-..-.._,-,.g(fz:u;.m-? A P 'x.f'-,(4f3‘,’),' :

always small, smaller l.han 15% of the main term. We find that contribu- o

tions of propomonal to va® term of dimension d = 9 change the value of
only by a few per cent.

Let us now discuss a, corrections. Thc a, corrections to the main terma

(those ptopomonal to ne and -m’) can. eamly bc calculuqd ‘using’ the :

S

|
|
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results of Ref.{21]. They turn out to be small (< m%). The a, cnrtectmns i {

to the main term propotional to u are presently unknown. In the (usospm :

symmetnc) sum rules for the proton mass the a, corrections to the main - _A .
term are relatively large. However, as can be shown usmg the fotmulae of . .

Ref.[21], they mainly change the value of the residue 1% (lncrea.smg ithy

‘about 25-20%) while only slightly changing the pole position (dmunzshmg -

the proton mass by about 5%) 2. We believe that these conlusions’ can'y‘
over to the sum rules including isospin violaton presented here. In any -

case we expect the corrections to -y to fall within the con%rmt:vely chosen -

error_bars included in the result (4.10). The = sum rules imply that solely
increasing A? is unreasonahle as it Jeads to much smaller value of 1y ])

5 Discussién and Comp’arison with P’revious» Wo;‘k'

In most instances of previous work values of the order v = —(6-10) x 103,
significantly different from ours, were obtained. Let us therefore examine
some of the earlier results.

In the paper by Paver et al. [7] v was ca_culated in a constltuent qua.ri- _
modu Hatsuda et al. [4] and Adami and Brown [5] (the latter :in ome

* one of their approa.ches) used the Nambu-Jona-Lasinio model. We believe

that values for v obtained in these approaches are unreliable for the fol-
lowing reasons. In QCD, as well as PCAC-type lagrangians,the valwe of

© the current quark masses can be obtained with a rather good accuracy. In

QCD furthermore it is obvious that the value of v is strongly correlated
with gt = mg~ m,. However, in the above mentioned model appoaches, the
relation of ji to the other model parameters is obscure. (E.g. in QCD, u as
well as the condensates are renormalization-scale dependent, This’ eoncept-; :

C s absent in quark model and Nambu-Jona-Lasinio appreaches). -

In Refs.[9-12] v was obtained by calculating the polarization operators ‘
of the divergence of vector and axial currents in the framework of the QCD
sum rules. According to current algehia v is related to TIy(0), the vector-

‘polarization operator at zero momentum transfer, leading to v = —~9.107?

[12]. We are rather sceptical towards this approach as it is well known
[24] that the QCD sum rule method fails in the scalar and pseudoscalar
channels. Indeed,it cannot explain the strong volation of the Okubo-Zweig~

2This is the case choosing the normalization povint R = 0.5GeV adopted here (as in Refs.[35-19]) rathef
than & = 0.2GeV as in [21]

&




Iizuh'rnlem ﬂic;:‘eudou:dat chumd .{25} Also there ue vnry senous

-5 ptoblemstehted to snbunctms in this’ appmach

The analysis in {8] and {5] is more t:losely; related to the one prmente& b
. here. In [81, + was determined from mass splittings in the baryon octet via . -

the QCD sum rule method leading to a value y = —6. 1073, The approach
. of Rel.[8] differs'from ours in several points (i) A baryon am'rent different,

~ from the adapted here was used,(ii)-the mixed condensate’(3.18) as well as .
* anomalous dimensions were ignored, (iii) a different set of parametrs was

~ used, namely m, (0. 5GeV) = 260MeV,< s >= 0.5 < @iu > as opposed
~ to our m,(0.5GeV) = ISOHeVm,(O 5) = 150MeV, < 52 >= 0.8 < @u >.
- We have serious doubts about the procedure to choose a mixing angle t

- adopted in Ref[8]. Oa the one hand, ¢ is constrained to be the same for . -
all members of the octet, on the other hand, it is chosen by requiring, that -

the continuum contributions in the isospin-violating siructures vanishes.
_ Also, a vanishing continuum leads to large higher order terms in the OPE

side of the ‘sum rule for baryons; simce it is impossible to appmnmate the -
- functional dependence of the exponential ezp{—m? /M?) on'the Lh.s, with -

only a few terms that have a power-law dependence on 1/M? on'tle rhs.
- In [5}, the neairon-proton mass “difference was cotmidered inr the frame-

work of QCD sufa rules and the polanzauon operator was cdcu!atedt how:-

ever without iaking ints account the.continnum. Also, 2 systénistic analy-
- sis of the ensuing sum rules was'not performed, as its principal aith was to

. show the mechanism, which made the proton-neuiron mass drﬁ'erem:awvv i
- with density. Nevertheless, moving the mass difference used by Adamiand-
Brown (g = 4MeV) towards the one ad0pted here 1mprove the aﬁiement e

“between the Jatter and present work.

We now tum to chiral periurbation theory, spet:iﬁcal]y to themﬂts y

: obtamed by Gasser and Leutwyler [6] for the parameter 7. *Their equa:
tion contains an unknown subtiraction term, which however can he written
- in terms of the flavour-SU(3) breaking condensate parameter 3 dcﬁncd n
(2.8). The final result. from Ref.[6] is then’

n
m, — (my +mq)/2

¥ - s

1. 4

+ m? — miin

k.4

2 my s
‘W(m"" = mign—3)] - (5.1)

N X



. ‘w‘

where F s F, = 92MeV mg amd m, are the kaon and pm masset Nu‘

mencally, :

¥y =23.1078 - 310"-—7610"3 o (52)

for A = -0.20. As we argued in section 4, swch a large value of | v {

is excluded in our QCD sum rule ‘analysis. We do not see-any loopholes
in our arguments which could possibly accomodate the result (5.2). We
should keep in mind however that (5.1) was obtained in first order chiral
perturbation theory. The suspicion persists that higher order terms in the
series could significantly alter (5.2).. We surmise that the calculatiom of
these terms, as well as those resulting from a, corrsctions to the i isoapin: -
viclating QSD sum rules for baryons will help to resolve this discrepancy. -
Our final remark is connected with the proposed [4,5] explanation of
the Nollen-Schiffer anomaly. Using eq.(3 34) and our value of 7 it is easy

to estimate how the neutrou-proton mass difference would behave if the

value of the quark condensate is reduced by some amount compared to

" its vacuum value. We find that for v = ~2.107% a 10% reduction 'of the

qua.rk condensate in the nucleus results in a decrease of the neutron-proton
mass difference by 1 MeV. - just the value needed for a resoluton of the
NS-anomaly. A 10% decrease of the quark condensate inside the mucleus
appears to be qmte reasonable.
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Fig.1.  The values of 6A calcnlated from the nucleon sum rules’ (3 Il) o
~ (labelled as 1) and (3.12) (labelled as 2) at g = 3.3MeV. The solid curves -
corrwpond to 7 = ~2.107%, the dashed ones - to y = —6. 10" t h
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- Fig2. The vales of 332 calculated from the swm rules (3.20) (labellod

* ' as 1) and (330) (Isbelled as 2) ai 4 == 3.3MeV. The other notation i

the same as in Fig.1.




' Fig3. The values 6)% calculated from the sum rules (3.23) (labelled as
1) and (3.24) (labelled as 2) at p = 3.3MeV, vy = -2.10"%.
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F:g 4. The vahes 32 ‘calculated from the sum mles (3 ﬂ)(hbeﬁed as
- 1) and {3.30) (Iabei!ed as 2) at pp = 4.3MeV (solid !mes) and pt: 2“.!HeV
(dashed lmes) ; , , B 7y . e
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