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In quark models /1-3/ the mass qifferences between members of 
the same isotopic-spin multiplets are usually caused by three fac
tore: 1) the electromagnetic interaction of quarks in a hadron 

A MEM ' 2) the dependenc e of the quark kinetic energy AM "Ü1. 

on their masses a nd 3) the effect of 11-, J. -quark mass difference 
on the strong interaction po t en t í.a L t.M s 

Th~s is the case of electromagnetic interaction of particles 
in the presence of strong interactions.A consistent calculation of 
these contributions is possible within the relativistic bag model 
/4/. Thus, the authore of rei. /5/ have calculated .ô MEM and 

A Ml<ttt in the case of hadron ground states. Further in r ef", /a/ 
the dependence of the one-gluon exchange potential AMS on quark 
masses was taken into account. However, the comparison of the theore
tical results /6/ with experiment /7/ (Table I of our work) sh~ws 

that the MIT bag model used in /5,6/ describes unsatisfactorily the 
electromagnetic mass differences of hadrons. 

Recently /8,9/, we have proposed the version of the bag model 
based on the idea that the interaction of valence quarks with fluc~ 

tuating vacuum fields ~n the bag plays the dominating role. As we 
have shown, this nonperturbative interaction between quarks,strongly 
depending on their maBs,defines the spectroecopy of the ground states 
of hadrons. 

The aim of this paper is to estimate the effect of the QCD vacuum 
on ieotopic mass differences. 

In the model /8,9/ the total energy difference between two mem
bers of a multiplet is given by the sum . 

f1M!o! = àM E.M -to AMKin + àM 5, 
(1) 

Â M~= AM~ +~Mvo.~ ~ ~Mi.~si , 

---_._-~ 

I "ãtih 1)~UHüiT UHCTHryT \ 
~it~S1!i~X HC-.'~.I1Jã!i!If.i 
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where 6.M~ is due to the QCD hyperfine interaetion of quarks 
inside a bag and Ô.MVllu: and Ô. MthSt are due to the interaetion 
of quarka with vaeuum fields. 

Detailed ealeulations of the eontributions AM Et1 ,t). Mk'irt and 
ÂM~ were earried out in /5,6/, where the standard !JlIT values 

of the strange quark mass m~ and gauge eoupling eonstant J:. S were 
used 

ms == 280 Mev ) oC s = 2,2 . (2 ) 

In our ealeulations we take the values 

ms = 220Mev ,~S=O,'f O) 
obtained in deseribing the hadron speetrum within the model /8,9/. 

Let us eonsider the eontri butions AMv ac and li. Mi.n.St 
The first is eaused by the interaetion of quarks with low-frequeney 
vaeuum field, whieh gives the eonfinement of quarks. The Hamiltonian 
of this interaetion is expressed by /8/: 

Hl111C = ~~ ( Q~ O~ + q~O Q) , (4) 

where GL , q are the vaeuum and valenee quark fields, respeeti 
velY,~~ is the one-partiele energy of a quark in the bag of radius 
R. Expression (4) follows direetly from the QCD (bag) Lagrangian by 
singling a vaeuum eomponent out of the quark field /8,9/: 

~ (X) = q(X) +Q (X). 
(5 ) 

A eorrection to the hadron mess is ealeulated with using tbe 
perturbation theory with the interaetion Hamiltonian (4). In thia 
case we take the wave funetions of the bag model ao a solution 
of the zeroth order approximation. The resulting formula is /8/: 

I 

- ~ 2 t· 

L.Oll1iOi lO> R (fAJi+m;.) tJf: ;J 
Myo.c =-~ L Ni 

7&:.. Ift'lV at/ [2t.Ji (l.AJiR-I)+irllJ 
(6 ) 

where ~ Ali ia tbe n~ber of quarka of the type L in tbe badron e 

tU, = (mt + a:'Y'R2) is tbe ono-partiele energy, m;. is tbe 

2· 

eurrent quark masa ," -'OtrIiQi/O> ia the eondenaate of tbe 
i-Ih quark, and ~i is determined from the solution of the 
equation: 

~ Zi = :;ejf1-miR~ (:7e/+{lnJ<l/P]. 
(7 ) 

By expanding (6) in a series with respeet to tbe amall quark
 
mass of 1J. -) 01.- quaz-ks , we obt.a í.n
 

0-3
 
Mvo.t:.::= Mvo.c + 0,035 L. ~ m, L.O/O, Gi /0> R -+- " •
 

(!QV (8) 

Expressions (6) and (8) take into aeeount only sueh eontribu
tiops to the energy of a hadron that are eaused by tbe one-partiele 
interaetion of the large-seale vaeuum fluetuations. Many partiele 
interaetions of sueh a type are mueh weaker tban tbe one-partiele 
ones /9/; therefore their influenee on the hadron masses ia insig
nifieant. 

Many-partiele interaetions, as was shown in /8,9/, bave in 
principIe a small-distanee ebaracter and may be ap~roximeted by 
tbe t'Hooft interaetion /10/ indueed by the high-frequeney part of 
vacuum fluetuations-instaptons. 

Witbin tbe instanton liquid model of the QCD vacuum /11,12/, 
tbe Hamiltonian of thia ~nterBction ia expreseed by /8,13/ 

Hinsf=-ftj ?l![ ~iR~iL~jR~jL + (R-L) 
nc.v' (9) 

+ i~ (qiR~~u..1jR >-,tl ~jCl ~lll. 6r>-tl~il~jRÕr~ci~01, 
wbere 

~Rll=i(h~s)9- ,m*= ~~OIí{'Ul0>f~<' 

m:.,. = mi+m '* n.. == i a:2Pc2 m'*~(m·iFff/i11') ,
I. • ': ) r{ SI .I ' l 4 

p~ ia the oharacteriatie aise Df en instanton in the QCD vaouum. 
In tha firet order "itb rospeot to amall fini te mase8S 01' 1.A, rÃ quarkG3 
we obtain trom (9) the energy differenee resulting from-inatantons 

3, 



mi
b.Min~t =-E m* Linst)

I&v (10) 

where Eü,.rt ia the cor-rec t on for maaeLeaa 'U, ri. qua rks calí 

culated in /8/ with the MI T bag model wave functions 

Einsl = <h /Jli~sl/ h> 
(11 ) 

Tbe values of Einst for the terms of hadron multiplets are 
theofollowing: 

Ef -- ~ol-'R3 
lhSI - /"0/ 

r :;:
EV,5t ;; ftnst = 

where 
À':J c:. O; 65). o 

2 2. 

À := !1í~Q !2t=----- [1 '2 ·2 1)72.
 
o I. '2 2 /x.xX 2!jo(XoX)+jf (~1 .


~)o (fro)teo-I)
 o (13)
 
For the membera of the meson vector nonet and baryon decouplet 

corrections (11) ,are equal to zero /8,14/. This selection rule is 
related with' the fact that the instanton mechaniam of interaction 
witbin a hadron takes place only if two quarks are in the state 
with the zero total spin (formation of a diquark) /10/. 

In using (11), it is supposed that the instanton interaction is 
taken into account only in the first order of perturbation theory. 
That is why the value of R in (12) should be different from theo 
radius R in the calculation of bM EM, ÔMt<Ü1' 6 Mq )b.Mvo.c • 
This difference A R arises from (9). ( Ro is the equili brium 
bag radius without instanton interaction and its values are listed 
in Table J of /8/). 

Let us estimate Â R= R() - R as it was done in /15/, wbere 
the change of the bag size caused by the pion field was considered, 

6R= 3E"st(Ro)/ f l1(/'rRa)R ] .o (14 ) 

E K 
__ À~/f)! EHJ_ 3,Ão//.,,3

ll1st- '/I'fo ' t,hST:.-- I~Ko, 

3~~h 3
s/~Ro ) (12) 

J 

/ 

In the calculations we used Table 3 from /8/ and the results of the 
worka /5,6/. ~l.· Tab1e contains a1so the re1evant results obtained 
witbin the nonrelativistic·mode1s in the works /2,3/ and also in the 
bag mode1 calculations /6/. The parameters of the QCD vacuum are 

choaen the following /8/1 . 
:'~~'"; 3 

.(01 U'U.IO) =(01 doliO)= -(2.50 Mev) 1° 
" (\ pc = 2. GeV - i. o ( 15 ) 

Tbe numbere in Table 1 correspond to the difference of maases 
of t( and á( quarks to be equal to 

mol.-mu -=3, 59!/ev, 
that was obtained from the most precise experimental measurement of 

,the differenc e Mp - MI'l • By_c_omparing the ca lcula ted values wi th 
the experimental ones and the MI'T' bàg madel resul ts o f /6/, we see 

that tbe interaction through the QCD vacuum gives an- assential 
contribution to the isotopic mass differences Df hadrons belonging 
to a baryon octet and of pseudoscalar mesons. Moreover, the sum Df 
the contzo.ibutions of the QCD bag perturbative theory (AMEM ' 
AMICLn ' A Mg, ) and of the interaction through nonp ez-buz-ba t í.ve 
fluctuations o~ vacuum describes well the mass differences of tbe 
terma of the badron isotopic apin multiplets. + ~o 

The only expception is the differences 1f± _g{0 and K*-k . 
However, if in the first case tbe deviation from the experiment may 
be explained by mixing wi th the 'l , ? I states /9/, in the second 
case tbis discrepancy looks strange. In this connection we think 
that new, more precise exp~ri~ents on determining electromagnetic mass 
differences of resonances are necessary. 

We should like to emphasize the work /16/ where tbe isotopic 
mass differences are estimated from the' expression included in tbe 
sum of the terms usual for the MIrr· approach /5/ and the term . 
caused by instantons. The agreement af the results was excellent. 

However, as was marked in /9/, we consider that the dependence DfI,,)lI] the instanton contribution on quark masses is wrong in the work /16/. 
The authors Bre deeply indebted to P.N.Bogolubov for constant 

attentian and intereat in t he work and to S. B. Gerasimov and A. V. Ra

In tbis expression Mo is the energy of a hadron without the dyushkin for discuBsions. One of us (N.K.) a1so thanks l.Ja. Chas

contribution Df (12). The results of calculations of various contri  snikov for support. 

butiona to electromagnetic mass differencesare presented in the Tab1e. 
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Jlopoxos A.E., Ko11enes H.M. 

BJIHRHHe saicyyMa KX,ll Ha :meKTpoMarHHTHhle pa3HOCTH 
M&CC a.JlpoHOB 

E2-86-790 

B COCTaBHOH MO.I:t;eJIH, y'IHTbiBaJOilleH B3aHMO.I:t;eHCTBHe C BaicyyM· 
HhiMH KOH.n;eHcaTaMH KXJl, Bhi'IHcneHLI 3neKTpoMarHHTHLie pacmenne
HHR Mace a.JlpOHOB. llonHaR pa3HOCTh Mace onpe,neJI.ReTC.R CYMMOH BKJia· 
.l:t;OB: 1) 3neKTpoManJHTHhiM B3aHMO.I:t;eHCTBHeM KBapKOB, 2) 3aBHCH· 
MOCThiO KHHeTH'IecKOH 3Hepi'HH KBapKOB OT pa3HOCTH HX MaCC H 3) BnH· 
.RHHeM pa3HOCTH MaCC KBapKOB Ha DOTeHUHM CHJibHOI'O B3aHMO,lleHCTBHR. 
lloKa3aHo, 'ITO yqer B3aHMoAeiicTBHR KBapKos c saicyyMOM KXJl ,llaeT 
YAOBnersopHTeJILHoe OIJHCaHHe 3KCnepHMeHTanLHbiX ,ll8.HHhiX. OueHeHa 
pa3HOCTh Mace u H d KBapKoa: md- mu = 3,7 M3B. 

Pa6oTa BbmonHeHa B na6opaTOpHH TeopeTH'IecKOH $H3HKH OMHM. 

fipenpiUIT 06J.ellHHeHHoro HHCTHTyra JJJlepHbiX HCCJle.llOBaHHH. lly6Ha 1986 

Dorokhov A.E., Kochelev N.I. E2-86-790 

QCD Vacuum Effect on Hadron Electromagnetic 
Mass Differences · 

Mass splitting within hadron isotopic spin multiplets is calculated 
in the model that takes into account quark interaction with QCD vacuum 
fields. The malts difference between u and d quarks is estimated to be: 
md -~nu = 3.7 MeV. 

The investigation has been performed at the Laboratory of Theore
tical Physics, JINR. 
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