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1 Introduction 

St,arting from Gasser and Leutwyler pioneer paper [1] it becomes dear that. 
the diff~rence of the current masses of it ahd d quarks is nOll-zero· even 
in the absence, of electromagnetic interactions and is comparable ,with t.he 
masses of u and d quarks themselves.\VeiJwcrg in llis famous papcr(2J 
dernonslrated that. t.he va}u('so{ u and d quark masses can be d.e,tcrmrneo 
from the masses of pscl1dosraJar ~mcsonic oct('t, jn the model independent 

~ ,--- way and found 1nu :::: 4.2J\I[eV,md ~1.5.AfcV amI 

p= md - mu = 3.3MeV (1.1) 

The non-zero Value of p, causes the difference between the values of Qqn 
condensate of u and d-quarks., The parameter· 

_ <ot dd IO>_l (1.2)
1- < 0 I flu I0 > 

characterizes the isospin ~iol~tion in,qu,ark condensates. 
The' knowledge of thenumcricall value O{7 is jmport~t as it enters 

along witlt the mass difference p. in the determinationo! the value of isospin 
splitting inhadronic Dlultiplets, the violation of isospinin,various decays 
e.t.c.The magnitude of 1- 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. 4i£ference o£mirror 
nuclei masses known as Nollen-Schjffer(NS) a:lorilaJy [3]. The idea behind 
the explanation put forward recently [4],(5] is based on the reasonable (15­

Sumption tha.t quark condensate,in nuclei are suppressed compar('d to their 
~cuun~ values and as a conscqu'ence the ncut.rou-:proton mass difrerencc in 
nu~l6., entering in the formula for the mass difference of mirror nuclei}s 
sma.1ler·1ha.n that for free protons and neutrons. 

The ,parameter 7. was calculated in a number of papers using different 
ap~uoaches. Gasser. and .Leutwyler [6) carried out the calculations in the 
fra:mework of dliral perturbation theory. Paver et al. .{i] considered th~ 

constitueut quark rnodel,wbereas the Nambu-Jona-Lasinio model was used 
in [4},{5]. In several papers the parameter 'Y was obtained from the mass 
splittings in tIle framework of QeD sum rules [8-13] with results ranging 
from -3.10-3 and -1.10-2• 

.' 
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" -We sec certain s110rtcomings iIi at least part of the abovementioned 
calculations. Feir ti;isrcason we mage a 'new attempt at extracting tliepa­
rametcr 1 from the values of the llHlSS'spliYings in th'c baryonic odd has~d 
Oil the QCD sUln ruie tecllll,jq~e (for. discussion of previ~us calcuhd.irynB and 
a comparison with ours see Sec.S). ' 

-J<'ronu)ur point of view tbiswa,y to extract the 1 parameter is one of the 
Blostpromi'iing.The reasons are the following. Experimentally tJte isospin 
masssplittiilg in the baryon octet is known with a good accuracy. J'he 
electromagneti,c contributions to' thcrnass ~plittings'are reliably estimated 
[14] and they are rather-small, especially forhyperons;The QCD sunirule 
method of mas,'s de1~rmi1taiion works well in the ease of baryonicoctet: 
three terms of the o'perator product expansion (OPE)are calculated and 
all the ~clfconsjstencydlccks are fulfined. Using this method the baryonic 
masses [15:17], magnetic moments- [18,19] and-other static pa~amf·tcrswere 
calcul;ited, all in a good agreenicnt with 'experimentJn the''-bar:;rou'octet 
there are thtecvaltles of is'ospin nlass splittingswllich can he,used for de­
tcrmination of-y: n - p, E- - E+ and 8- - 8 lJ• (The E- - EO splitting is ' 
notsl1itabl~ for thisgoal,dueto the inixing EO wilh A°via isospin violating 
intcractions). In QCDS\lill tuleappriacb t.lwre arc Cwo eqtlation:dot each 
mass split.ting,corresponding to chjraliliycon~ervingand chirality violat­
ing parts ~f the poll\ri~ation operator. Tlicre!ore, there are &ix' cG~tions 

, , 

in which 1 P.l\tcrs, and many d)(~("ks of selC,consistency can be made. An 
esSential feature. of these equations is that 1 appcar8withopp&isHesigns 
in n - p (orE- ~ 1:+) 3nd =.'" - 'E.0 splitting, while n':": p splitting is more 
8e1lsitve to p,theli to 1. This p~rmits U8 to obtaiD relliible upper and lower' 
bounds on 1, while determining p. in an independent, way and allowing for 
a cheCk of Weinberg's prediction (1.1). 

2, The Method, 

In the QeD sum ntle iriethod for the baryon case we consider the phiariza.. , 
, tion operator' 

n(q) = i I etxeiqz < 0 IT{11(Z), ~(O)} 10> (2.1},'­

where '1(x) is the current with the baryon quantum numbers. ,For the proton 

c;~ .. "" 
'.'- , 
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7]{%} = ~QbctiCl(%)C1'~'Ub(zh'51pcf{2t) 

Here ud(x} a~ddC(z) ~tandror' tIle u and r1 flelds,C is charge conjugation 
matrix, a: D,e - are colour indices. In order to obtain the hyperon current 
the following'substitutions in (1) must be d(;me in (2.2) 

, ~-: 1L -+ d,d-+ s., 

:::-: u -4 S, 

As discussed in Refs.{15,20], the currenL as defiI).ed hi. (2;2) s~ems to be ~ 

the the most suitable.' aile fOf tbe calculation of b,aryon mf\Sses'.It re~ults 
in arclat.ively smallconttibution of higher excited ~tates in both chiral 
structures ill -and fi2 0r the polarization operator' 

(2.3) 

and i~ a good convergence--of the OPE. 
For each structure II1;'n2 we can write the dispersion relation 

( 2) (/ )jOOPl:2(S)U1;2 q = 1 1r B _ q2 ds (2.4) 

, -' 

The lcft...hand side (l.h.s.) of eq.(2A)is calculated in theframeworkofQPE 
at large negative values of i, Le.1 q2 I» R;2 wherc,Rc denotes the-con­
finement radius. In OPE we k~ep terms· up to dimension d=· 7. As was 
shown in Refs.[16,17] (see also Appendix B of Ref. (1 8]),operators of higher 
dimension (d = 8 for III and d =9 for TI2) give small contrbntions to the. 
sum rules. \Ve also neglect the perturbative corrections of t.he order h. (as 
can be shown llsing tIle results of Ref.[21), they lll.::l.inly affect the re~idlJe at 
the baryon pole bu (. not the haryon masses). 
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. The. r.h".lI. .0('· Eq~(~..~j .•~~~eitiJl·~t:M~.·9f~p~dl(8ta~-anct~· . 
m()den~ in such, a wayth~t~io_i;;e~ ba.ry«a.'.state.~1~out 
while. higher Einergy states are approxi~ted·by 8. cOIltuluum . .... . ~.;: ' ", . - ;'- .. . ' , .. -' . 

Pl,2(9) ~A'(l, m)6(s- m'} + !PJ.2(s}D(- ...; W~:i} (2.5) 

H«;lrc A denotes the overlap 

(2.6) .< 0 I '11 B >=-ABVB . 

between the vacuum a.nd· respective b~ryon, while VB is the baryon spinor.
 
The functionstPl.2 inthe-second term of (2.5) a.~e deiermined as thediscon~.
 
tinuitiesof ;lll:2' at large s . I
 

<PJ,2(.)=(;iHll1,2{8 + i€) ~ lll,2(8 - it:)] . (2.7)' 

The cont.in.uu~ thres.}l()ld~ lI't, '(whj~b may he unequa.ljnthe:ge.~~r:;ll(~~)~ 
the pole PQsition 7:l and: t~e .overlap ,A2 will be lh.e varii1bles to-be de.tcmuDcd 
from the suin mes. J 

. We apply tlle~el transform viith t~ Borc},maS~ M'to ~ sides of­

eq.(2.4). This procedure-is useTUl for several reasons. It rem~ves the Sub­

traction terms {rom the dispe!Sion relation and supresses the contrihution
 
or excited ~tates .in.m ther.h.s.~ot (2.4). ~~ furthennQie suppr~ the,
 
contribution ·of the next, to. leading terms in OPE of ihe- l.h.s: of (2.-0.
 
thus improving cOUvei-gence' or the seri~. After the- Dorel ttaristOnTI, ,tlie
 i 
sum rules appear as equations that hold for a range gf ~ues:of fl.!, the !, 
confidence inteival,where thecontributlons of ltigher otdn terms in t.he ; 

OPE are small and the impact of the paramet.rization of tIle ~cij ed states 'u 

in the r.h.s. which is model-JepelHlcnt is millilllal aI\lLdocs not e:«.('c,l the 
cOlltribul.ionof the pole tenn. 

Tllis method wa.<; usedill [15-17J to detennine octet baryon masses hi the ­ ,-, 
absence of isospin violation. The parameters oC m, >. and ~v w~ oM-ainer! . 
with an accuracy oC about 10-15%. There, it was shown t1lat in'the l~udeon 

ca.c;e the quark condensate < 0 I iiu I 0 >=< 0 I dd I 0 > plays the 1 
dominant role. When considering 1Iyperons we must include the strange I 
quark mass m. which breaks the StJ(3) flavour symmetry, as weI' a"l tIle 1 
flavour symmetry bteaking in tbe strange condensate ) 

-

", T' • '.~, I ~. 1 
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13= < 0 I itt I0 > _ 1 '(2~8) 
. < 0 I flu I0)­

rile best fit ;pl hyperon masses to the' QeD sum rules calculations. ispl'o­
vided by, the values m. =: 150MeV and /3 = -0.2 - see ref.fI9]. 

Sum Rules for Isospin Splitting 'in BaryoJi Oetet 

In Ord~tomcludethe isospin viola.ting effects we need to take intoacco~ 
the ·~zero wues of, the "quark masses '1nu,1nd.' In order to extract, the; 

"­
isotopic mass· differences, it a.ppears reasonable to consider the differeace 
of ~e sum rules for baryons tb.t. differ by isospin projection ocly~ Thus, 
we shall arrive at ' equations for the parameters 6m, 6>..2 , 6W'. as well ~'''I 

. Since we neglect the-electromagneticefl'ects 6m represents a subtracted 
mass dilference 

6m == (6m)ph,. - (t5m)el (3.1) 

where (6m)~JI~ is the physical (eXperimental) value of mass spDttingand 
. (6m.)d isthecoD.tr~bution due toeJeetromagneti'c interaction."Fort~latter 

we 'take,the'valuespresented in Ref.[14). '" ' . 

(mo-m,,)a = -6.76 :I:0.30MeV_ (3.2) 

. . (mlr' - mI;+)~ == O.11± C).30M~V 

(ms- ,- mSO)el =0.86 ± O'.30MeV· (3.4) 

Taking the experimental mass differences, from Ref.{22] 

, (3.5) 

(3.6) 

.~ ~.. . 
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';.' -(ms--- ~~_.::;:6.4±O~6MeV,: --­
• • • .. • -.. • <. 

.... 

. . .... , 
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'We,perronit.G1l~calcUlations ~o linear orckr in the j~ _~, 
violating quantities, ;;e. '1 and m..,4 and in Tri,. The polarizatiOu:ope:GtoIs -_ 
for1j+ and SO 'lnir~ calculated ,in [171 to lincar order intlle'sttangequark 
mass. It is trivial toobtaint.he~proton' poJarizatiolioper~tor indodiJtitthe 
cOlltributiont~Qm t~ Jight·quuk niasses:m.t,~ bYsimplyrcptaclng m. b,: 
'fn4(mv} iutbepoJar~~UCt~rator fut~+(SO). The;ll'~teSU1t is, th~ ­
;miveci aiby '~ndherSubsijiutingm1£:~ ,"".The ap~~orthe .., 
factOr is a:J$6elUlily~i$tood: In the IOWe5~014euJiagxain.:·fur"~()PE,o( 
the pola:r~tiOflop'erator oUlte proton (neutron), it is ,the u(d) quarks th~ 
lonn a l~op~Thc;rCto~)(or Lhecl1osc,n (orm ot the Source (:un~ntJ2~~)'Codh¢ 
proton (ncntron).tbe u(dfcondel~l)ateappca.rsin the chirality cODisemgg,' 
stI:ueture wlule,the4(u) condenliate appears in the chirality YiOlatmg ODe' ' 
(see also [5)). Thcpolarizatmn operators for the 11 and S CaB be~bt8hled,~ '; 
fiomthecorrcspondiJigfonnulae in Ref.[l'll in ~ siln&r manner., 

,Thus,using eqs:.(H)aDd (17) of Ref.{l7} ,we obtain the sum rules for _
 
nucleon 1~ , ­

'= 

- > ., -

..f. 
•• ,". J ~r 
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" ••< ,.' ,.:{~P{Af6E,(WkiM:t}r~2"'~4'+,. ,
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- i" . . 
.~,~ 

.', "+2-Y4Mt El{W~/~f.2)},:"'~'.AJ= 6ni~~~ :~n~j;~:.:· ,_ 
,";' ' .. ,',. " 

,"~6i2:"" + 2Gei.J,;"'Wl ~ mJ,)W2 cSW:} 
, ",' 1(,"-' 'P\. W N 2N 

. ,',' " ' \.: '..
wheJ:~6t::. fen) ~}(p}.The run~io~ 

'-.­

,(3.13).. ; , 
... "'-:.'. ­

~: .. 
'" , " 

..(~t~). ,," 
.",.~ . . -"'" .;, 

',: 

',,' , .,' "z', '" 
...~.. 82(z) =1-:,(1 +~+"i)e-·(3.~). 

'ialre mlo ~untthe c~ntinllum.The parameteua,b~~ 'm:' are'COIUleei~ 
with~~tes " " , ., 

, ' 

, 4 =H21r)'<:o tflu to>Ii=8"55GeV~ (3:.:16) ,,­

(3.17) 

.' -g< 0 1Uc7,..,~.xnG;:"u I 0 >= n~<O 1uul 0> (3.18) 

, m~ =O.8GeV2• (For a discussion or t.lle mtln~rical values used here see' 
ReC.{23].) The factor . 

-' -~...... .. :,. - "" " . " . 

. -..~: ..- :;:~. ". ~:' ?~?r.~~~~;} ::~-.~:~;:,~;.:<':~~. ,.~~~< .~. ~if~:.'--· :~~.~_ ~.-: ." 
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, '1, =['n(M/A)}C/I' (3:19) ,
" In(il/A}­

" 

accounts for anomalous dimeDliions (p i~ the normalizatiQUpoint). Inwh-at 
-follows weusetbe nunicrital vaJuesA = 150MeV;jl = O.5GeV. Also we iake 

the value of thetesiduJl at the nucleon pole and the continuum threshold W2 

obtained fronithebeSt. fit for the sutn:rulc in the nnc1eQIl channel (isospin 
symmetric case, see Appendix, Bot Ref.[18]) 

-1 .·4:Z .. '.6>'N = 32lr >'N = 2.tGeV , (3.20) 

_. (3.21) 

For the sake ofgenerality we have assumed that the values for the continuum 
threshold difterences6W:'2Nin equations (3.11) and (3.12) may he different 
although it is a$impleand plausible assumption to take them to be equa,J. 
The sum-rules (3.11),(3.12) must hold hi the Borel confidence interval [16). . , 

O.8GeV2 $M2 $ 1.4GeV2 (3.22) 

.. For I; hyperoM ~e have-in a similar'way 

'2 '8 - . 
{--Jlm~aL~l + _')'a2L}emt/MZ = 
. 3 ·3, 

-2·2 2 1 W 2 m 7 
. cSAIJ - 2>."nmr,mIJ!M - _-2exP( 1; - IJ)C,-1[lV4+ ... /112 1: 

+b/2 - 4m,a(1 + ,B)]cS~VlI: (3.23) 

2 .1 W 2 
, ( 1: - mIl) 2[ () 2]. .-2U1' . M'J WI: 4a I +{J .+ m,Wt 6W2I::.. (3.24) 

~ ..--, 
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, ~,

,,·:9, 
, where 6j ~,J{E-r.2/('E.+) .', ' " ',',' 
':The COllS@lts >.1 an4 'Wi ~\'I~r,e defe,~mi~ed in [l~l, 

,.' .. 

""­ " 

lJl~ = 3.2GeV' 

Equation; (3.23),(:!.2:t) must be satisfied in the int.erval 

." . 

(3,,26) 

, {3.21} - ' 

Note tb~t in ,this case the ~~sI>in. violating effects manifes,t ~heqlSelveso~l)'~, . ',' 
inhig~er :oJ:der terms'o~ the OPE; t.heydis.appearat hig~ f a.nd~o-no$) 
contribute, to di..con~uitYti.e. (li.CC eq.{2.7» , , 

~-;--' 

6wlJ: =: ~wk =0 

,The 8i1m rules forE :hyperons read 

- 2j:ta.[M2EO(W21M2
) L7 

1+ ~m~L'-2)~~/Jtt7', 

(3.28) 

-~e:rp( W:~t27~)L-l(W~ + ~b)6lVi::" 

"'" " 

,{2JlIM~~(WilA12)L -~ ~ ~a2(1 +~ra)]+ 

+2-y~[M4El(WV}\{2) + ~,am.(l ~ ,l3)]}em~/M2 =.:, 

" (U'2' 2)-2 ,_ VIE - mE, lv,l u.lT2_aezp , AI2 ' ::.(} n :z.=; (3.30) 
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. wnerc fJl== 1(8-) ....~ f(SO} and (see [I9}} 'I 

-
(3.31)
 

\ 

W~~ 3.6GeV2 (3.32) 

The sum rules (3.29),(3.31) are expected to be satisfted for Borel maS$es 

(3,33) 

It. is illstruet.ive to l\lso consider the linear combinations of Eqs.(3.11) 
and (3.12),(3.23) and (:l;24)a:nd (3.29) and (3.30) Wflich do not coni;ain the 
unknown constants <5,\2. Wepreseut then1- ulldcrasStnnpt~OJl tSlf..,?, =<8IVi 
for each haryon. Putting the baryon Jnass splitHngs on the l.b.s. o(the 
sum rule equations \:VC ohtain for the llucl('on 

8· 2· / . .."2 -1 1 2 _. '2 
+;la - 2mN EQal\f_ E . -+- 3mNmOaL J­

'--2-ra(i\14Ei + ~amL)::- /jW~exp(-WJ~/M2)x 

r1w" .. L"':i . Ibm L-1 W 2 }}x 2 .. NmN + '4 N . - 2a. N C1.34) 

For E-hypcrons (assuming again that we can neglect the isospin violating 
effects in the continUllm) we ~ave 

1 2 £-11 8 ')( )}+amOrnE - 3,a- mEL - 2ms (3.3~ ) 

,"---The atlalogolls sum r{lle fM B hypt"'rons h~s t.he form 

6ms = e~/M2XE2{211.[1\;f6 E2L-2+ 
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.' 
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"11 ;~ . 

. ~ . '.' ·f~n:~t~. +J3i~X' ~rhS(~t2Bo'iJ~F+ ~~~;~lr~;)H2'- , 
+2'yaIM4E 1 +~m.a(l +P)] ..-~~Wiezp(-WUM2)x 

1'4 b "-1 . 2
,xl2ms(W:: + 2f~ -: 2I1WsH" " 

. ,':"

4 .. The AnalysiS of the Sum R,ules
 
-


"".".:' Each oIthe eqllaii~ns (3.34)-(3.36).can be writt~ll Jntl~~ form 
. . ."- -­ " 

..... - ··{tt).·.···· 

or t~ese equ~tions (3.35) is the simplest OUC, as 6W~ = O~ sc~ :~~.. (3.~8)' .
 
. . For this casestraightroiwardcv81~ation j'ielcls,AE = lA(1.7},' B~::;:
 

.. -O.85GcV(-O.75GeV) for a Borel ma.'>s M 2 ='1.2GeV:~(1.40~V2-l.,~i.Ib­

stitutlllg'tbe values for the quark mass9ilrcrenceandthe-lsot'pic'Il,l3ss
 

, difIerertce It == 3.3MEl'(Ec!.(1.1» and 6nl£(sce.(~.?) wc.,6ht1lk~from,(1.).)·· 

, . 7 0 3( . '0 '):"1 :;: -2.. xl'"', -4.2 X 1 -,'. '.' {4.2} 

.... However, due t~ t.he fact i,h.atollly one t~rrn o:rtheOPE,contribu!.('sJll.~l'~·" ,. 
£ s~lm rU'lcs'in Hlis casc,we ca·nnotl\tt~,toOtrril.ch~siguiJlc(pi'fetQ:;'Uii,;" 

·t:e~I1:... In.chuting the unc~~t~ulics in (3:9).aIlIl";~"uPS~t~~l~tt~!.~:~~·~~.':<,,>.. 
. ,MeV tolheq'\lftrk·ma.<;s <l11TNenc~, theontysarf!~'t'on'tlu~I(lJ\ wC'(,llll:~"d~ ',.' . 
'from-tlleE- llyperQu sum r~lcsis that ( i~):H~g~t:Y~i.~~1<f~4s1;oiDJ~!e:M:;~,·: ..• 
t,h~itl.teniU -6:10-3 <: l' < o. ; ".-.' .... ',. ,'.: ,.... ~'.,;:~ ..~;:'-::>' 
I '. Let us now turn to nucleons. and 8 hyperons. Iti'this ca$i!· e'nee('J:8.i!<:·::· 
estimate for the difference in the continuum thresho1ds ((if tIle parti~l~f{ . 
differing only in isospin projection. In the Jluclcon case for example, we 
expect a differe.nce in the continuum threshold for ·the neutron and We 
proton. It seems reasonable to assumetliat 6W2 is positive,<\nd thatJfor 

-each haryon 

(4.3) 



... 1. ,........., :·0 '"! -_ ".:.__!.:-x..
 
"~ 

ff 

The~qlla.t.ion for the, Shy[>~ron~(3.36.} yi~J<Js animportaltt pict,· OfiriCOf-'. 
mation as 'Y enters with it positive sign while C(,tj2) is ncgati-,;e. Thus, 
we are ablcito obtain the upper bound on I 'J I by plIt./ing 15lVi = O. TI,c / 
numerical values for the coeffic.icnts A~C are 

. As =2.46(2.75), BE!, = 1.15(LHl)GeV, 

':Ci = -O.174( -O.227)GeV- x - (4.4) 

fo.r M 2 ,= 1.6(1.2)OeV2: The-weak dependence of the coefficients on the ,.~ 

Borel pararnete~ i'ndiC:'a:tes a certain amouut of sclfconsislency in ,the sum 
rtdcs. U~llg thell1i;nle~ical values: of It 'and 15m=: as given by Eqs.(Ll}:and 
(3.10)we pbtain 

'Y >'-3.5 X 10-3 (4.5) 

Larger values of 11if ~r~j)iil'y·possihic at the ,expellce of larger va.llles of til",
 
qnatk ma.<;s dilfercn('c,c.g.'Y = -5.10-3 rt'(jllires JI ?: 1.5Mr-V
 

For llle Illii::lcoltE'q.(1.1) is sal.isfkd with I he coefficient.s
 

AN = -0.46( -0.61), D", = -1.92( -1.84)0<:V 

eN= 0.016(0.065)GeV-1 (4.6) 

. at M'Z ~.1.0{1.2)GeV2.FrOIn (4.3) wc:can estimate 6W;' < lO-2GeV2.and 
therefore , . 

I 

~ (4.7) ! 
Thus, clearly we need a non-zero and negative value of'Y to satisfy (4.1). 
Again,since negcative values of'Y and positivc ones for 15W~. coutrihute with • 
the same sign to lJm,y"- ANlt, we ontain an upper hound for I 'Y I by 
sctting.5W~ = O.This turns out-to be I ~I= 2.10-3 for It = 3~3J\JeV.'\Jore 
precisely, withAm,y = 2.05AfeV,/1 = 3,3!UeF and MV,~ = 8 x J0 3CeV2 

Eq.(4.1) yiddl:; 

. , .. 
. " ,

;y'= .-(L5~2.0pO~3 , . (4.8) \ 

. r 



" / ,:>"; 
, '~'~':;;....
 

1, •
 

':~ '. _: ' 

- ',. . 
1],'

". ' ,- .' ,., ,I" 
for .o.8GeV 2 < M'I < 1.2GeV2~ , The nudeon sum rule.;ptovidesa'Iinlch, " 
stronger"uppe~ hound on I,.; Ithan the E 'srim rule for the c~e,!)f:large':. 
IJ.: even forp = 5Meywe find that I l' 1< 3 X 10-3• However, ins :(:I~r ' 
that th..re is a dependence on the Borel parameter M 2 iii, these sum ~T' ~" ", • 

which indicates that higher wder terms in the OPE' ar~ ?Oon.,negligible " 
and deteriorate the ~cura.cy of the resswt.- Therefore~',OnrOOntlelvati~ ,::' 

, conclusionfrom the consideration of the sum rules (3~34}·{3.36~withr~ , \ 
, to "I i.ll 

'"'" ." 

l' -:;:. (-2± 1).10-3 

Let us now study the sum rUles (3.11),(3.12),(3,23),(3.24M3.29)an.d(3.~O) , ' 
Wllich contain mOl'einformation,as it is possible to extra.ct6A2 in t\\(O: ways
 

-lrom eachotpairs of the sum rules and to checki£they coincide ~nd,dCpell~
 
weakly on J..['i..We have 'plotted in Fig.! the result for 6X~ 'as catculat~d
 

, _r;om (3.11) (curVes labelled (1)) and (3.12) (curves labelled (2)for .~= 
3.3.MeV,-y' = ~2.1O-J and6Wl = 6W'; =:l.lO-~GeV2 (solid Ctltn~.c;). Th~ 

agreement;i; s~tisractory and the lIP dependence is weak; I~fad. I,he 
a.grccmenttends to be more pronounced rorslightlysmal1~,yaluesof1 

/ r' l· Ou the ot.her hand, we also find tbat t.he sum rules·~cannot he"made " 
con~i~telltfor larger values of I "{ " such uthe val~e 111> 6.1£rJ 'wlJith', , 
was· used in [6,7,12]_ A closer look at the linea.rc6mbinationc:nth~,SUJa 

, rules (3:U) and (3~12) that eliminates cSX~ with the eondition.6Wt==6:Wi.' 
, removed, reveals that it can only be sati~ed fot:cSW: » cSW? This l:>emi:;'.< 
fav(>~l~d in the case oC la.r~ 11' f, we pJotin Fig.l 6iltas, precuCted\yt,;
each otthe ~qtiations(3.1l) and (3.12).for'Y=:-'6xro"'3a.nd~'R1'=,­
2,5 xiO-'3aey-2~ 8lV? == 0 (dashedlines),Aattong'discrepaneyoffW,o~sUtlt ­
~les is evident. We wouJrl'like to streSs'.th8tthtuntea'soll~Dly'i&rc~viUUe 
for 6Wfused serves.to red~ce thediscrepancy~~the;~~Ind~ 
Eqs.(3.1l}'and(3.12) Elho~ that reducing6W:,*intteasiniJWfp.~~ . 
the discrepancy. ,'" ,:: . . ""<,,< ' ',' 

In the same way we can investigate the dOJDain' .o(sinallh-rl We find '" " 
in a sllP~}ar' manner that a value oI-y ,='O·can,.onJy<be ~ioleta~at >the\ . 
expen~'9r l\ large difference betW:een 6lVranq:.6Wf; ro~iit6tUce4SWf. ==' 0·' 
and SlY!: lO x 1O-3GcV~. This being unreasonable, we tan safely-exclude 

l' 'f O. 
, We present. in Fig.2 the results for the a.nalogollsiDv~st,igationof the E 

.<.--. 

, .. ,~... ~~. 
;' ~'f 'r 



'. _..~" ..; .~ ,,"":~,~-- ..... . .:~ . ~ ..t,.:~ ._:_ :1 ~ 

'. ,-' -·.f ._;.. >;-~<, -,.':~ ?<. '~~;~:~?'~\:'~_~\/'.¢'--.:: .. ~::'-
i.	 _...,:- '. "'- 't... ~. ~-':~''':':'~; .... I·!. 

,/.. ," .> ':~5'~:·:','· , '. .. . : ",::-:'~~'':':'~:'' :' ::-;; , , 

.):·:_~~~~~'th~~d~:~~~~~ to;;; ...~.iO-"3;6~Vl~c6JVi'=-: ' 
" 3.1Ciioo.JGey2, lit~reas t-b~cb,s~'.1!et~ ploduud with 7==",:,,&.J.-o-3 ~d . 
,:4"1':::" !Wi·~<:cA-ltl~~ .. ·4g&ia(tb~,~e&· ()(~?,2~~'ch08e~,such ul, , 
'm~D¥ze ~ ~~~~bet",ee~, tb~C1Hyes.' A$ before, good agre!inent is 
.. :Ach1e:Ye~:I-:,fo.f,th~Jitst~f-di6agroomeBtj·or.these<;ond;.' ... " . 
. ' ".,pii.3 ·~,t~ rtl!lUk·.Q{nal~.futg:Eqs.(!.23) and {3.'Z4.) tor the ~ 1u'~ 
pelOJLwi~ 7 =,.-2.ffrs.,p =·3.3MeV'and- 6Wf= 6Wl =.:& . " 

'. ' 'Fiil~i~,ft;~ld like to iDvedigate ~he. depenae-nce of the sum'rUles on ' 
.~ quU'k ~a.is difl'erence.. As the S sumtweS are most sensitive to this 
parameter, we tihanIOcus QD tl~ose. We have plotted in-rigA the prediction ~1 
foin5~ from ~.(3.~>,.&nd (3.30) labelled{l) and (2) respectiyely; for 
'7=-2~lO~~~6Wl= 6W; :;i:3xlO-3GeV2 fOr t..yo .additiona1.~nes ,ofp; .' ~ 

. ti~ely p = ,2.3Jf~~(da$~ 1iD.«:s) &J1!l p = 4.~3MeV (sOlid H~es)(see :fig.2 " 
·for ;the intelmedi&i~_ue'of 14).,' it is dt'.-,r that both thoic~sJe~to&ilet!().uS 
dj.sagreem.eni·be'f.~·'th:(fCurves, tlJ,at ~nonly be resolved assumjngll.'4rg~ . 
·difference between:DWl an<16Wl ~hiChappearlJ ~e$n.bie.;(}omp&ring , 
Figs.2 an,:at'~ciiicltlde that p ~shou1d be 'ci~ to 3'MeVwith ~n. errOl .~ 
(consinratiVel1f..Q.{a~ut 1- MeV. __ '. '.. ". .~,. :'.. ." 
. .- Oilr fina1·~\alts1.~~tor·th~quantities 1 and J4asijDpIie41,by:ihe sum .' 

··nile~(3J:i),{3:1~)J(3~23J,(3.2.4),(3:29)';and{iiojare •. ' .... "' .."; ,; ..:', 
:,-':- ..; •• ,.-:... "::"..._~. : - ••; - ... ' 1'"' • • • • .~..'~' 

':'.:	 .'. . -. 
...- < '--,	 .- ... : 

.-:;; .", ~ . ,,' ; .':':,"' "<Jt~~or .•. 
,.. '::~~~.~.~-~.~1>:_~ ~~ ... . . ,' .. ' -' "~ '.:~... ..,:	 , ':. -, ~'.: • :-:~.: ;0:";: -:..:._,'., •.•.• 

'. '. '--..' : . ­
/. ~-..	 '. ,,' . -::: ~'. ':-' - '.. :.•-~.~" .-.: -. .­

}1 ~. mil - m .. =(3.0 ± 1:0)MeV .. '(i.-if)' .,' ,I 
"-.;", .... -~ ... '... ...:.... :.-.. ' " . 1

:.In order to put this result jnl~ penipedive, let us ~omment <In 't.h~ ap--" '. '; Ii 
piOximat.lons goingjllto it; It ill knpwn !16,18] t.haLhigher order .t~rTtlS jil ' 

illc. OPE neg]cct,.t'd here Rorc 8m~11 for OIC sum rulc for the llllckon ,ma~, " ""; \ 
· I\Jl<l.citnnot!=hangc this v;illl!~ hy mOFC tb1\n 10% . III thcsmn ,-,~(~ sf.1iclie(l ',,-­
a})o.~, l.ljec~li'illl~lionsto thc slim tllle cOlllii,g froin th~'Jligh;sl <1illt~TI~{)n 

.,}~n!,5hl t!u~d,:i!!lm,y prcl:~rvillgsl.r\lcllJrc (term,? of the order.""- l(m~li):llrc 

.. alwa.ys sina.lJt sDl~el than IS% of t.he main lenn. We find that ~Olli;ibl1~ 
tioDs of proport.ional to 1a3 term 'of dimension d = 9 change the value of 'Y . , 
only' by & few per cent. . i 

Let us DOW discuss 0:. corrections. :rh~ 0:, correction$ to the_m.aift '~ 
. _ i .,(th95e pt~p~~~.!tl: 1.0. 'Yt 'Y~~nd'Y~2}"9. e~ilYbe~I~~~~n«·tlie' 

• .' • ..... '. r '.,: .• ~':'~,.. - '.' .. . -" , ' • ._ , • -- --': :.:'. . ~ , 

.. ',.,.'. ~~.' ,::. 

•_ _F'.. ..:: ..: ,...'.,' .'. .,I- ." _ .	 ~.{.;-
. '\': -' ::­
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,~ . 

resuttsofRet{211. ·They t~~out to be~aU(~W%}:. T~a.~~~ 
to the main .term.propo.tiort~ to p arepl'esently unknown. IJi the (isOSpift-' 
sYmmeirkFSuuirules{ortheproton n1a55.the et~ "Correciionfd:.o th~ •. 
term·are re,-.tivdy·large. ·Howcv:er,-a.s-can be shown using the1t?nilttU.e of 
Rer.[~lJ, they-mainly Chartge the value i:lfthe reSidue ~~. Oncreasing it~, 
about 25-20%)' while onlyslightIy chariging the pole position (diminiSh.ing,­
the protou maSs by about 5%)'. We beli(we that these COJlluSio~~'c~· 
over to the; sum r'ltles including isospih violatoR presented here. •In ~y 

.J¥I> case we expect the corredi~l\s to 7 to 'fall wit.llin· the conser-Vatively chos~ 
';..,~<j- errorhars included in the result (4.10). The Ssum rules imply tha,t$leiY' 
?-- increasing A' is unreasonable as it le(\dstq much smaller value 01'1 'Yll. ': . 

~ , • • • • • <". " 

'>. J .5 Discussion aud Comparison with Previous Work . , 

In mostinsta;.ncesofprevious work, values of the order.1 =, -{o,.-lO)xIO-', 
signifi~.antly diffctentfrom outs, were obtained. Let us ther~fo~~xa:mine 

.50meof the ea.rlierresults. 
. In the paper' by Paver et aI. {7] 'Y was caJculated in a constituent: ql)ark... 

Il\Odd. Hatsuda et a1.[4} and Adami and Brown [5} (the 'lat~~rin Qae 
oneohheir approaches) used the Nambu-,l'ona-Lasuuo .modeL" We l>mew 
that yaluCli Cor "l obtained in these approach~li are ilmeliablefor th~-fol.. .' 
lowi~ reasons. In QCD,as well as PCAC.typelagrangians,thevahre:-of 
the current quark masses can he ohtained wit.h a rather gool! accuracy. -bi 
QCD furthermore it is obvious that the value of'Y is strongly correlated 
with Jt;' md- m ... However, in the above mentioned model apPo<whe8, t~ 
r.eJation -of I' to theoth.er modt'l paramet.erS is obscure. (E.g.inQCD,.p. ~ 
wv.llas thtcondeflS.at~s. are renormalizaiioIi-~aledependent, Thill'cl)n()ept 
isab~el~t.in quarkmodela.nd Namhu-Jona.-LasinioapPI:oaches).·' >" 

In Rilrs.[9~·12]1· was obtained by calculat,ing the polarizatioll operators 
of i,he divergence of vector and aJcial cnrrf'nt.s in the fra.meworkof the Qcn 
sum rules. According to cu r.l't'ut. algehlft 'Y is rdated to fI..{O), the v~etor­
'polarization operator at zero momentum transfer, leading to 'Y = -9.10-3 

[12]. We are rather sceptical towards this approach as it is well knQW1l 
[24] that the QCD sum rule method fa.ils in the scala.r and pseudoscalar 
channelS. Indcedjit cannot explain the stroug volation of the Okubo-Zweig: 

~This is lh. case thO')si~g the non""lization p;illt I" : O.5GeV adopted her. (as in Rd;'.[1l'>.t9]) rathot 
~h"njl: O.2GeV aa in [21] _ . . 

.. -;;. .....
-'./_ ... 
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",:' 'The "t,U~ i1i'~1 ~J51 ia:")n~e ~Y;'1~!ed to th~~!ie prC$eJlted;,' " 
"h~Te:'¥ 18j~:r~~Ae~t\edftOm~~~:sP1ihi~gsl,n~~~baryoiroc;t,et,~ _" 

, \heQC~swn ~e;pleQlbp;~t' to:a.value l' =-::6:10"-3. i The aPll~¢h
 
,'or~f.r8Jdiffer'(ftbm·~ ~n;se~alpoin~',(i) A.bary()J1 ~Urrentd1Jt'e.:renf
 
, ,rr~m.:t~e#Qpt~ 'n~'~~ us.e~Jjif~}1e '~~' cona_~':(34t$),~, .wt:ll~~:;:,
 I

, :a.nomatotiii dimeg~tuiweieis'!l0~~,(iii) a.diffel:~,nt..:~l oI'J>Aram-rt~ ~ I
I 

, ,'. uSed,~~fir\;(Q.iGel1:~}.§OM:eV;'f:' •. ?~ ',o.~'<~u~,.>&s opposeq: 
I 

·toour m.(O;5GeVf='IOO.¥et.';m;(O.5} b,l50Mel';< 88 >= O.8'~iiU> . 
.·We haVC;~riQ~ tlou}}t-s"'al>out the procc:.dure to -:cho~ a mixing angie t 
_adopted'lD~Reil81:'O.ntb~ ",ne band, i is constrained to be the same r~r 
all mem~rs'of t'he octet, on the other'hand, it is chosen by requiring, that 

, ­
, thecO~t.inulJ,m,~butiOl!8m; 1heis06'pin~vio.tatirigstruCt.ttes'V1l.D)s'}ie~~
 

Also, a ~ng cO~DulJm leads to large higller order t¢nns in the OPE
 
"side:ol t1le<sum niJe'Iot~ryong; :sinieit is'jrnpO$sibJe W:aj~iUat;tlie'
 
, "fundiotialdepeDde;ate ortbe 'exponential,eiPc-"'m"IAf2lO!l'1.b:el~~$~'Witll ..•
 1only a few·t~msth&t :h~vea power-l'9" d.ependence oii'11M2~:111~i3l:"~ 

-,Ill fS]~ t1le:JMU;t~J#o'ODmi\ss-difl'erencewas c~~et~hili't~<;fraro. I

" 

WOIX orQ.CD.uift'1U~au(hnepoiarj~ti0J1'Qperal.orwM ,cide~a'fea\1iow~' I 

.evejo.;witbOu:t~~.~g:~~n~ lltM:()dtinuum. A~,atiYstitj~'Jinaly.-
• sis 'of the ~ill·:;;.umrwea~Dotperlotm~d~·asj~Jii'inQPaJ. 8iOi 'Was't6" 
show~ihemech&nism~·.wbidltnadethe proton-n~utron mass:~et~~-
.:Ylit.h,d~:ty~.Nevertheless)moving -the 'BlaSs difference usea,'b'Y.-AcItiJ!anQ·' 
Drown(p# 4MeV) towards the one ad6pt,ed here im~ove thea~etlt " I 
'bd~th~~~aaa prUe)l(wot}:. - " , " " ' .',' .: ::/. 
.. W~now:t~ t~cltira1 pcrt.,urbation·theory, spedlkaDy tot~:~is:'," j 
'ohtaii1edbYGasser ,and Leutwyler 16jforH,c parameter, 'Y. '{~jr:~«Pta." ... 

.I
I, 

tioncontaiils an unknown subt.ract.ion Lerm, which however can he writt.tm
 
in terms of the ftavouI~SU(3) breaking'condensate paramct.er fJ defined i~ "
 
(2.8); The ~na1 result from Rcf.16j iii then' , ,.
 .-..... 

1 
I, J 
I 

j 

.. ~. "..::: 

•	 j-W;~,',: " '.'" 
. " ~ ... , ~.• ' . 

:~':, .. 

-~ 
',C-;" -_', ;' :":;-' '" .. -'- ~ 



0.-.',ft'. 

whete F$::J F~= 92MeV;mIC andm~ are the k&on and piOIL~.N'!-·", 
meriCaJly, - ' 

{or f3 :: -0.20. As we argued in section 4, $Q~h alargeva.ll1eof I "rL ' 
is excltuJed in our QeD sum rule 'analysis. We 'do not 'see,any l()Ophol~ 
inOUf arguments which could posSibly 'accomodate the~~t" (5.2)". 'We 

~ sh~ldkeep in mind however tha.t .(5.1) Was obtained in first order cbiral 
t:..~~_ perturbation' theory. The suspicion persists that,- higher order tenus in the' 

serie~ could significantly alter (5.2).• We surmise that thecaku1&ti011 of 
these tenns, as wen as thoser.esulting from a, corrections to the ~~ ," 
Violating QSDslim rules tor' baryons wiU help to- resolve t1Jjs di8Cl'epaacy~ 

Our final remark is connected with the proposed [4,5] e:lCp1allatioll of 
the Noll~n..SclUff~r ano~aly. Usin~ eq.(3.34) ~dour value of '1 it is easy 
to estimate bow the neu tron-pr()ton masS difference would behave if the 
value of tne quark condensate isredu~ by some amounitompaied to 
its vacuum value. We findtbat for '1 ;: -2.10:-3 a lO%'reductiollofthe" 
Cluark condensate in the nudeus results in a decrease ofthe ;neut.ron·ptoton 
mass difference by 1 MeV·- just the value needed for .. nsolutonof.the 
N5-anonlaIy. A 10% dcc.,'rease of the quark condensate inside tile nucleus 
appears to be quite reasonable. '. 

Aeknowlerlgemenu· , 
We' are indebted to', prors~G.E~ar()wn aDd:U.~\1tWylerror useful -diir 

cussi()Us. Two of us (E.G.D. a.nd B.t.I) ns~ 'the oPPortunity to ,thank 
PrO.tG.Brow~ Cor his hospitality during our visit to Stony. Brook. 

1 ;' <. 
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