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THE PION-NUCLEON 3-TERM IN A CHIRAL QUARK MODEL
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Thepion-nudeon 3-termis calculatedn alinearo-modelbasedonthe U (3) x U(3) quark
effective Lagrangian.The importanceof the pole diagramwith the scalarmesonf, (400 —
1200) is demonstratedFor the massof this mesonthe value 400 MeV waschose, which
correspods to the theoreticalpredictionstaking into account singlet-octetmixing of scalar
isoscalamesonsandgluelall on the one handandto recentexperimentaldataon the other
Theresultingvalues = 75 MeV is in agreemenwvith thelatestanalysisof experimenal data
onther-N scattering.lt is shavn thatthe hypothesisof the contentof strangequarksin the
valencestructureof a nucleonis not necessaryo reachagreemetiwith experimentaldata.

PACS: 12.39.Ki,12.39.Mk,13.25.-k,14.40.-n

1 Intr oduction

In last ten yearsthe hypothesisof the cortent of strangequarls in the valencestructue of a
nudeon [1,2] hasbeenmary timesdiscusse@n thebasisof theanalysisof the pion-nuclea -
term. Thiswascausedy thefactthatthetheoretichestimate®f the X-termobtainedn thecited
paperswithou usingthis hypothesisveresubstantiallyismallerthanexperimentaldata.Notethat
sofar therehave beenno reliable expeiimental datafor this quartity. In [1,2] small valuesof
the X-termwereobtainedwithout usingthe above mentiored hypahesis.Even consicringthe
cortentof strangequarks in a nucleon they obtanedthe estimatesr = 43 MeV. Otherauthos
give consideably larger values:

Yexp = 64 £ 8 MeV [3], )
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(a) (b)

Fig. 1. The quarkdiagramsdescribingthe matrix element(z™ (p1) |tiu + dd|n ™ (p2)).

Sexp = 92+ 6 MeV [4]. @)

Thelattervaluehasbeenobtanedquiterecerly within anenv methodof analying expeimental
data.

In [5] we shavedthatin the framevork of the linear o model one canquite satishctorily
explain results [1, 2] without usingstrangeguarks, consideriig boththe diagramdescribinghe
scalarform factorof the pion andthediagran with theintermedate o-meson(seeFig. 1).

Inded, it wasshavn thatthelatterdiagram(Fig. 1b) basicallydetermiresthevalueof the >3-
term,andcompletelycancelghe cortribution from the scalarform factorof the pion described
by the quarktriande diagram(Fig. 1a). The remainirg partallows usto describe,n a quite
satisctoryway, the expeiimental datawithout using the hypothesisof the conten of strange
quaksin anucleon.
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9

(a) (b)
Fig. 2. Thequarkdiagramslescribingrr-scattering.

Thesimilar situationtakesplacein thedescriptim of the 77 scatteringn thelinears modé
wherethe contritution of the conta¢ 7# termis comgetely cancelledby the diagam with the
intermediatec mesorn(seefFig. 2), andtheremainng partof thepolediagramgivesthe Weinbeg
formulafor theamplituck of the 77 scattering
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FTr
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wheres = (p; + p2)?, p1 andp, arethe monmentaof theincoming pionsandF', = 93MeV is
the pion decaycorstant [6].

To evaluae the Y:-term, in [5] the scalarform factorof the pion wascalculatedn the chird
symmaric limit when M, = 2m andp? = p3 = 0, wherem = 280 MeV is the massof the
corstituentu-quark,p; andp, arethe pionmomera (Fig. 1), andwe obtaired for the :-term:

o =50 MeV. 4)

Thisvalueis closeto theresultgivenin [1,2], wherethe hypothesisof strangejuarks contert
in anudeonwasused.
In thepresenpape a more realisticvaluefor the o-mesommassthanin [5] is used namdy,

M, = 400 MeV. (5)

It wasobtaired in our recert works [8,9]. In our casethe o-mesonis identicalto the ex-
perimental scalarstate f; (400 — 1200). The expeiimental measuementsof the massof this
mesonandits width arevery discrepan[7], but from the theoreticalpoint of view, consideing
the singlet-a@tet mixing of scalarandisoscalamesonsawith one otherandwith the glueball,a
lower valueis preferdle. The singlet-octemixing is definedby the 't Hooft interactionwhich
appearsin theU(3) x U(3) quarkmocel becaseof theinteractionof instantms [9-12]. Value
(5) is in agreementwith someof the experimentaldata(for exanple [13-15]).

Herewe alsotake into accoun deperenceof thescalampion form factor(Fig. 1) onexternd
pionmometna. This depemlencearisesfrom two sourcesOneis, takingaccount of thew — a 4
transitiors at exterral pion legs, otheris depadenceof the quak triangle diagiam (Fig. 1a)
on extemal pion momera. The depenénceof the first kind was consideredn [5] andthe
dependencef thesecondkind is consideed herefor thefirst time.

Letusvely briefly definethepion-nucleon:-term. Thechiralsymmetryallows usto connet
this termwith the even (respetive to isotopictransfomations)amplitudeof the 7N scattering,
D) (v, t) evaluatedat the Cheng-Dahenpoint[16]: v = (s — u)/4M, = 0 andt = 2M2: ®

¥ = F2DH(0,2M?) = 0 + A. (6)

Thefirst termonthe RHS of (6) canbe consideedasthe contritution from theamplitudeof the
scatteringpf the masslespion on the physical nucleon whereaghe seconderm, A, represets
the correctionarisingfrom the norvanishingpion mass.The pion-ucleono-termis definedby
thefollowing matrix element:

w + Mod o
o= 4M—m0d (P(p)|au + dd|P(p)), @)
Ip

where| P(p)) is the one-poton physical state,M,, = 938 MeV is the protonmass.andm, is
the massof the currentg-quark (¢ = w, d).

4In this approximationall 7= scateringlenghsareequalto zero(see(3)). In orderto obtan nontrivial valuesof the
mm scateringlengts, it is neessaryto usetherealvaluefor the massof the (400 — 1200) meson.
SHeres, u andt denotethe kinematicinvariants of the N scatering: s + u + ¢t = 2M2 + 2M§.
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Recallthatthe valueof the first term on the RHS of (6) obtainedby estimatingthe matrix
elemen (7" (py)|uu + dd|7" (p2)) on the basisof the Gell-Mann-Oakes—Renar low-enegy
theoem[17] in thecurren algeba andthe PCAC apprachis

1

F2

4v

(0|au + dd|0) = 72

(7 (p1) | + dd|at (p)) ~ (wt (0)]au + dd|xT(0)) = — (8)

where2v = —(0|uu|0) = —(0|dd|0) is thequarkcondesate.

Now one cangetthis formula in a chiral quarkmodelof the Namhu—Jonakasinio (NJL)
type calculatingthe quak-loop diagrans depictedin Fig. 1. For this purpcseit is necessaryo
usethelagrangan L;,; of thequak-mesm interactio obtairedin our model[6]

_ . L ) 1 S
Lint = 4(900 + i’ g-7.7)q + (- 1/Z)q§7““/5<9,1,7r-7q, 9)

whereq = (u, d) dendesthefield opeatorsof the constituetw andd quarls, 7 = (71, 72, 73)
aretheisospinPauli matrices.In this mode we have thefollowing relationsbetweerthe meson-
guak couplirg constats

9p m
(e - _7 s - 10

whereg, = 6.14 isthep — 27 decayconstantandm = m, = mq is themassof a constituet
qguak. Thefirst relationin (10) wasobtainel for thefirst timein [6, 18], andthe secondoneis
the GoldkergerTreimanrelation. On the otherhand the constantsy , andg,. arelinked by the
relation

g = \/Ega'a (11)
where
6m2\ !
7 = (1 -5 > (12)

is the addtional renomalizationof pion fields appeaing after taking into account the m — a
transitiors, M,, = 1.26 + 0.03 GeV [7] is the massof the axial a;-meson We canconsider
(11) asthe equatiom definirg the constituat quak massm. This allows usto expressthe mass
of the constituehu-quak throghthea ;-mesormassM,, , thepiondecayconstant*’;, andthe
cowling constany,,, namely

M2
12

492F?

2

m -
12

M2,

(13)

andwe obtainm = 280 MeV [6].°

6The equdity Z = 1 is formally possiblewhen M,, — oo; it correspondsto the absenceof a; -mesonsn the
intermedate state
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The secondpart of L;,; (9) appearsafter redefinitionof axial-vedor fields by takinginto
account the m — a; transitions[6,19]. This part of the lagrandgan is necessaryo definethe
momentumdepeidenceof the scalarpion form factor To repralucethe GMOR result(8) [5],
it is enoudn to usethe first partof L;,; (9), becausen the low-enegy apprximation, where
p? — 0, thesecondpartof L;,; (9) varishes.

(3

Let uswrite theresultof the calculationof the diagrans depictedn Fig. 1 [5]:
892

wheretheintegralsT,,(m) in the Euclidearspacehave thefollowing form [6]

(7 (0)au + dd|t (0)) = 4mZ{1 + [I1(m) — 2m>I5(m)]

I, (my) = 5 (/‘ dih O(A* — k?) (15)
n (N (271')4 (m2 + k2)n 9
whereA is the cut-off paraneteridentifiedin our chiral quak modelwith the scaleof sponta-
neausbrealing of thechiral symmetry(SBCS).Usingtheexpressiong; 2 = (412(m)) ' = g2 /6
we obtainthevalueA = 1.25 GeV[6].

In thechirallimit, whereM 2 = 4m?, thefirst andthe third termsonthe RHS of (14) cancé
in pairs. Then,usingthe relationfor the quarkcondensate2v = 4ml(m) [6] we obtainthe
resultthatcoincides with the GMOR result(8).

Thelatestanalysiof theexpeiimentaldatagivesarelatively largevaluefor the pion-rucleon
o-term[4]. We shav herehow onecanaobtan this resultin our mocel usingthe morerealistic
value of theo-meson(f(400 — 1200)) massM, = 400 MeV. Thisvaluewasobtanedin [8,9],
wherethe singlet-a@tetmixing of scalarisoscalamesonsandthe scalargluetall weretakeninto
account.

To estimatehe o-termcorrespndirg to M, = 400 MeV we canuse(14), wherethe coefi-
cientC?2 descriling the content of u- andd-quark compnentsin thescalarstatef 5(400 — 1200)
shoud beintroducedinto the secondermon the RHS contairing the c-mesonmass.In [8] the
value C, = 0.94 wasobtdned. As aresult,we have thefollowing formulafor thematrixelemen
defining the o-term(seealso(7)) [5]

(P(p)|au + dd|P(p)) = 2222 a(p)u(p)(0]au + dd|0) =

8C292
M2

- Lo (1 1y (m) — 22Ty (m)] )u@)u(p), (16)

whereu(p) is the bispina normdized by the condtion u(p)u(p) = 2M,, gopp = My/Fr

derotesthe couging constanbf theopp interactionon the massshellof the protan (p2 = Mﬁ).
Using(16) andthe GMOR relation

2v

mi = 72 (Mou + maod) a7)

we obtainin our chiral modé’
o ="T5MeV. (18)

"We usedthe following value for theintegral i (m.,) = (47‘%2 [A2 —m21n (7‘;—2 + 1)}
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Now let us calculatethe depelenceof the scalamion form factoron the exterral momenta
p1 andps. Thefirst soure of this depenlenceappeas aftertakinginto accoumthepossibility of
m — ay transitiors attheexterral pionlegs. Thesetransitionsaredescribedy thelasttermof the
lagrarmgian L;,,; (9). Thecontritutionswereestimatedn ourwork [5] and asaresult,thefactor
A(M?) appeas onthe RHS of (14) and(16)8:

1y M?
AMZ) =1+ (1-= T = 1.026 19
(04 =1+ (1 5 ) oz = 102 (19)
wherewe usedp? = p2 = M2. Thesecondsourceof the momentumdepemlenceof the scalar
pion form factoris relatedto the momerium depenénceof the triande quark diagam (see
Fig. 1). Thisdepenlencewasneglededin our previouscalculatiors. After takingit into accoun
we obtainthe expression

3 A 1 1 1
7™ = 4/ d*k Tr{ - Vs =75 - }:
(2m)* m—k—p1 m—k m—k—ps

Al
— dlLa(m) + prpaTs(m)] = dmIp(m) (14— (20)
= 4m|lz2(m) + p1p2i3(m)| = 4miz(m 8027 )
Herewe putpips = M2, 412(m) = g; 2, m?/g2 = F2Z andI3(m) = 3(327?m?)~". Now we
canextract thesecondhdditioral factorontheRHSin (14) and(16) describimg thep 2-depedence

3M2

BM>)=1+—"—"=_
(M) +87r2F7?Z

=1.06 (21)

Finally, for the pionnuclem 2-termwe have

Y =0A(M*)B(M?) =0+ A =81 MeV (22)
As aconseqance takinginto accoum thep2-depenienceleadsto thevalue

A =%(M2) - 0|y2_o =6 MeV (23)

Now let us briefly analyzethe results. In this paperwe have shavn, asin [5], thataftertaking
into account the diagrans with the intermedate o-mesonone canget agreenent with the last
experimentaldata(see[4]) without usingthe hypothesisof the conten of strangequarls in a
nudeon. Therefae, in theframavork of thelinearo-modelit is unrecessaryo usethis hypoth-
esis.Analysisof thetermsdesriling the depenénceon the externalpion momentagivenin the
preseh pager shavs thattheir contritutionsarerelatively small andthe nunerical value of the
Y -termmainly depemnls on the massM,, of the scalarmesonf,(400 — 1200). The difference
betweenthe resultsobtain& hereandin [5] is for the mostpart causedvy differentvaluesof
M,.

We alreadymenticnedthat thereis a large discrepany in the experimentaldatafor the >3-
termandfor the massandwidth of the scalaro-mesonf (400 — 1200). Becauseour modelis

8We notethatin our previouspape [5] thereis a mistale in the coeficient of the p2-term. Actualy, this coeficient
mustbetwo timeslarger
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very sensitve to M, morepredse measurermantsof the scalamesonf (400 — 1200) masscan
yield importar informationonthe X-term.
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