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ABSTRACT

To explain the results of a P matrix analysis
of RN scattering data we invoke the effects
of one gluon quark antiquark ammihilation. The
sign of the resulting force is then giving a
lower limit on the mass of valence gluons in

baryons.
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V.

Hadronic spectroscopy is generally well understoocd when one assumes that mesons

are made of quark-sntiguark pairs and baryong of three quarks.

Insids QCD one would expect states that are more complex. Not only is thers
place for the mesons and baryouns thar we get by adding extra qi pairs to the
usual configurstions but ons would also expect to sse states with valence gluons.

Thare has indeed been great axcizement about the possibility that glueballs
i.e. colour ainglet statas made up of two colour octet gluons have alraady been

obuzvtd.]) .

In this latter we shall not be able to presant any diract evidence f¢ 3atazes
with valence gluomas but we shall try to give a lower limit on the effactive gluon
mass in baryons. Our assumption will ba that there are s wave pultiquark :tates
observed, either as primitives or as nsa;un:u, aod from the experimental fact
that the hypercharge zaro isovector state is heavier than the corresponding iso—
scalar J'P = 1/2” stats wa shall deduce a lower mass for the qqqG states.

Lat us take cthe least controversial view, namely that multiquark s—wave s .ates
can be seen as p!imitivesz): dus to colour confinement the wave functionm of ti.
quarks in the hadron vanishes at a certain (bag) radius R. In the collisiom ¢
two hadrons it is then patural to look for states which reflect this vamishing or
the interpal wave function at a distanca b betwean the C¥ coordipates of the
two hadrons. This is done with the P (or F) wmutrix which has poles when the
radial wave function vanishes ac 8 predatermined value of r i.e, v = b. The
S matrixz is defined by separaring the wave Eumction in outgoing and incoming
waves and :aking che ratio of their coefficients. The P macrix on the other
hand is defined by separating the wave fumction in parts that do mot vanish for
r = b and parts that do vanish for r = b and taking the ratio of their cocffi~
cients. This is (in the elastic case) equivalent to define P(E) = L E(E) by rhe
uy(r,E)
. ..2) 525 |y
Here P(E) is the P matrix“’, F(E) Feshbach and Lomous F patrixd) and ul(r,E)

is the solution of the radial Schriddinger squationm.

= P(E}

logarichmic derivative of the wave functiom at the point r = b:

The P matrix is of course datarmined by the § matrix aud vice versa. A
pole in the P matrix at a definite energy E = Ey then signals that the wave
function vanishes at a radius r = b and this vanishing can have a dymamic origin. .
It can reflect the confinement mechanism of the culoured quarks and if chis is su
the value of b that gives us information about coufinement should lie between
P and 2R “where B is the bsgl') radius of a single hadron bag. Jaffe and Low
suggest to use a value b = [,4 R and ghow that the values of the energy whera
the corresponding P matrix for mr acattering has poles indeed corraspond to
energy eigenstates as calculated in the MIT bul').
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This is very interesting indeed, because it givas a signature even for statas
that are so shortlived that they ate practically part of the comtinmuum. Ia the
case vhan resonances are parrow and the phsse shift rapidly varying, the peies in
the S and P matrix are at almost the same energy. There is today probably no
gepuins multiquark meson state sesn in the § macrix, but in the P matrix thay
show their signsture as poles, both im the nomexotic and exotic sector.

The P matrix analysis has also beeu done in the dibaryon sector>) and in

the zason-baryon ssctor ’.

6)

This last case is of particular interest for us. Roiesnal”™’ has analysed
tha K4, 7N and KN elascic scattering and fournd racher good cox_—:espondan:- batween
poles in tha P matrix and bag model siganstates for the Q"a system in an

ovarall s wave with I¥ = 1/27,

One disagreemant howaver is striking.

Vhereas the bag modsl’ >’ predice the lowest T =0 J° =1/2° I =1 and

1 =0 states EIg and A; to bs degenarats,the exparimental analysis £ind rhat
L5 is (st least) 90 MeV heavier than Ag, the mass of A5 in the P macrix
analysis is 1,45 GeV. Ona could believe - and one of us did so ~ thac this is
easily understood because there is an effsctive flavour symmetry breaking in tha

10}

colour magnetic interaction. This is the elegant explanation of the ZI=-A mass

diffarence in the J° = 1727 @3 sactor.

Humerically L 75 MeV and this is of the sams order that is neces-
sary to explain the I5 ~ Ag mass differenca in the - 1/27 Q3 sector that
ve di d. Unfor ly an explicit cal:ulation“‘m) shows thar evan
allowing for flavour symmetry breaking in th -olourmagnetic interaction the mass
degenaracy of As aud Ig persist. As Ag and 5 fall in the same flavour

eultiplae it would be awkward to invoke that big differances in the spatial wave
funstion give this mass difference. We ara therefore forced to seek another ex-
planation and this is resdily at heud.

Ia oultiquark atates there is oftem an interaction between a quark and am
antiquark of the same flavour which is absent in ordinary mesons, namely che
annihilation pn\:zn:i.alu’m) originating from QJ arnibhilation into a single
gluon. In mesons which are Qi colour singlets this force (which has ita QED
analogue in the 35 repulsive annihilarion potential of positronium) is neces-
sarily absent, since the gluon traunsforms under the eight dimensioumal representation

colour
of SU3 .

of the wavé function where Qﬁ pairs form a colour octet, flavour singlet .TP - 1"

In Qzﬁz wesons and Q"ﬁ baryons there is hawever often a component

subaystes,and peir annihilstion will induce a force which should have observable

13-15)

effects. Tantative phenomenological applications of this genuine quantum
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field effect for gluons has been given for high mass baryons and for £ a0t
ixing!3-19) of atates
with and without hidden strangeness (=8 pairs) that explaips how 4(980) and

Qzaz mesons. For Qz(-]z mesons this gives the desirable

S'(BBD) can have similar couplings to #t and K channe1=2). Indications ara
chat the appihilation potential is attractive but the analysis is rathar cassy
and complicatad. In the s wave Q"a sector wa have an ideal system to exploras

the annihilation force by snalysing how it influences the two states Ag and Es.

It clearly bas to be such chat Ef5 is becoming heavier tham As. We should
aote that this result wbich is based on the P wmatrix analysis of KN scattering

"is true also if we assume (but not believa) that Q'3 states show up as rasonances

(in the § oatrix), There ae J° = 1/2° Y =0 I =0 states at 1405 MoV and
1670 MeV well below tlLe lightast corresponding J'? =1/27 T =0 $(1750) 16).

To begin we shall restrict our modal Fock-spacs to Q*Q wtates, and only at
the end make some ts to vhat happ if we ioclude discrete Q3¢ states
where Q3 is a colour eight QQQ aystem apd G is a valence gluom.

The colour magnetic Hamiltonian over colour spin space is

where LA and Aj are the generators of spin and colour trensformations of
particle i. The surmation is over all pairs of particles (quarks apnd antiquark)
in che hadron. The coefficients are equal in the flavour symmetry limit, with
flavour symmerry hreaking we distinguish the i{nteraction between nonstrange-
ponstrange {(qq) , oponstrange-strange (q4) and strange—strange (ss) quarks.
Typical values of the coefficients cij chat ve use are: C = C, v 18 Me? ,

9
Cop 3T » 1 HeT , € 2C; =7 mat.

In che case where we use as a basis magically mixed flavour states for
T=0 J'P =1/27 I=0andt ECM i3 represented by a S5 x 5 ma:rix“'u)
vwhich in the flavour symmetric limit reduces to a3 2 x 2 dimensiounal macrix.
(This is for statas vhere thers is no hidden strangeness, they form the lowest

lying statas in this flavour sector.)

The matrices for relevant I = ¢ and [ = | states are ideatical so all
fiva T = Q0 energy eigenscates tor qqclsz—[ states with Jr = 1/27 are degenerats

with an appropriate I = 1 scate.

When annihilation is included we get an additional piece in the Bamiltonian
EA and q@qag and qqsss  states will mix, making our invariant model space 12
dimensionsl for I 1like states, 9 dimensiomal for Ag states. As in ref. 13)
we define the action of the annihilation potential on colour octet spin 1 QJ
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states ta be

uAqu> = {3, B, B, uu
B, B, B, dd
B1 Bl Bz s8

If the gluons had been free massless particles we should have a direct parameter
fres ancalogy with the Pirenne annihilation potential in poesitronium and B, = 6 C.
vhere C {s the strsngth parameter in the colour maynetic Hanilconian!d .1 '
For a bound (coafined) gluon however, depending on whether the gluon mode has a
smaller or larger eifoctive muss than the Q3 pair the amnihilarion interaction
is repulsive or ll:tr:u::ivau.'ls) (B8; >0 or < Q). We tharefore exprass B;

as B, =acC, and lat o vary to study the effect of the annihilation on the
statas As and I5. The rasult for the lowest lying A; and E5 states is

shown on fig. | where the A5 mass has been normalized to 1,45 GaV which is

the anergy where thn I=0 Y=0 P matrix has a pole. Prom the figure it is obvious that.
anpihilation has to be attractive. This is ip sgreement with tha earlier estimazas.
Mareover, if M(Is) - M(ag) ¥ 100 MeV Bi= -3ci_ and for nonatrange quarks then

B°= -60 MaV. This is therefore aven quantitativaly the same value thac was

favoured in an apalysis of O Q232 masons and baryons coiour isomars!314),

As we ssid before, the attractive amnihilation shows chac the effective gluon
mass M(G) in a baryon is greater than the effective mass of a qa pair waichk
is % 720 MeV. WRe therafore have the inequality M(G) > 750 MeV, a result thai
doas not seem ynressonable. )

To be sure that we do uot make a preposterous claim, the same problem was
repested in a differsnt manner.

Tha model Fock-space was enlarged”) to include three discrete states Q3¢
with valence gluoms G both for isospin O anmd 1. The anmihilation term HA
now has first order matrix slerents becween the Q0 acd Q3G subspaces whereas
the crlournagnetic and mass terms bave Q3 and Q3G as two invariant subspaces.
Diagonalization of the 15 x 15 I e | and {2 x 12 I =0 energy matrices was

done for a varying effective gluon mass and the result was as follows:

For a very low effective gluon mass M(G) < 500 MeV che lighcesc states both
for I 20 and I = | were wainly Q3¢ states with lictle mixing of Q*q coa~
ponients. The lowest I = 0 state was always lighter than the lowest I o}
atate, For the states where the Q“J coumpopent was dominant the situation was
quita different.

The loweat Ag state was below the lowest Ig state only if che effactive



mass of the valence gluon was biggar than

As the P matrix polas found in RN
correspond quits closely to the energy of

enormously if they are the result of Q3

800 MeV.
scattering occurs at ensrgies that
Q3 states it would surprise us

states. If they indeed are mainly

Q*Q states our sarlier conclusion is thersfors unchanged.

To eummarize then: if the P marrix pole in the I = 0 &N scatteriog

amplicude is dus to a Q“J state and not a QG state the effectiva mass of
the gluon in a baryon has to be bigger than 750-800 Me¥. The lowast Q3¢

states is therefors heavier than (500 MaV,
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FIGURE CAPTION

Fig. | The masa of Is5 as the annihilation contribution varies. Ag 1is

normalized to be at 1,45 GaV.
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