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In the framework of quark-diquark model (QDM) the results of the calculations of A° (1115) hyperon mean-square
charge radius (MSCR) are represented. Numerical values of < 72 >opu are crucially dependent on the mass my, of
scalar diquark D, = (ud) (J = 0) and therefore A(QDM) MSCR may be both positive and negative (—0.14 fm? <
< 18 >opm < 0.20 fm?). But beside A°, the scalar diquark D, also enters simultaneously in QD-strucutre of proton
and neutron. So, the value < 72 >opm = +0.06 fm? with the mp, = 0.434 GeV is preferable due to demand of
correct reproduction of experimental values of proton charge radius and neutron MSCR. Magnetic moment of

A(QDM) is also briefly discussed.

Due to M. Gell-Mann the conception of diquarks is as
old as that of quarks (see the basic paper [1]). Soon after
[1] the diquarks were concretized and developed in the
papers [2—4]. Later such kind of structure as existence of
relatively stable compact (q,q,)-object inside baryon
was proposed in investigations of many inelastic
reactions with proton. The application of quark-diquark
model (QDM) to the description of the inner structure of
separate nucleon is contained, for example, in refs. [5-8].

Here we’ll try to do our own QDM-analysis of
AP (1115) hyperon. We hope that such analysis may be
the fresh addition to current understanding of A° which
was achieved in standard nonrelativistic constituent
quark model (NRCQM) [9-12].

In QDM it’s supposed that inside baryon B(q,q,93)
two quarks q; and q, form diquark D — the (gq,19,)
compact bound state with definite mass and quantum
numbers (so-called “inert core”) and the almost all main
properties of baryon are determined by the third quark
(so-called “valence quark™).

So, the starting point of QDM is the representation

B(q1q9,q3) = inert core +
+ valence (v) quark = D(q19,) + qsy- @)

Generally speaking, the central idea and the evident
advantage of QDM are the essential simplification of the
whole formalism: two-body problem replaces the more
complicated three-body problem.

Among other diquarks the scalar diquark Dy =
(ud)J =0 = (ud), with quantum number I(J™) =
0(0%) plays exclusive role in the QD-structure of the first
three baryons (p,n, A°) in octet of the lightest baryons.
So, the mass of D, is very important question. From the
known literature’s data the lower and the upper limits of
m(D,) are the following:

0.30 GeV < m(D,) < 1.02 GeV. )

This interval is very large and is caused by the strong
dependence of the diquark masses on the choice of q;q,-
interaction potential inside diquark and the ways of
accounting of kinetic and potential quark energies.

Hamiltonian of g, D-system in harmonic oscillator
model (HOM) in obvious notations has the form:
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Now let’s introduce the relative coordinate g and
center-of-mass coordinate R:
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From eq.s (4) we obtain
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Due to eq.s (5) the H; converts into
1 - - 1 -
H = EKD(rU —17p)? = EKDPZ- (6)

Eq. (6) may be rewritten in oscillator form
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The wave function of ground state for Hamiltonian
(7) equals to
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By definition the A° (1115) square charge radius in
QDM equals to

N - \2
8 = Yicop, €i(i — Ri) . ©
For A hyperon the valence quark is s-quark
(mv =m, e, = —%) Therefore, from eq.s (5) and (9)
we obtain

r2 = l(ms_mDo) .22
A 3 (mg+mp,) )

(10)
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Averaging the value of g2 in eq. (10) by the wave
function from eq. (8) amounts to the standard Gaussian
integration ant the result in following:

Sory 3 1
WA = 37t (1)
From eq.s (10) and (11) the A MSCR in QDM appears
as
G BYopy = L. (ms=mpo)
ATQDM ™ 5 Kpm, (ms+mp,)’ (12)
m. = 2mgmp,, '

p m5+mD0

To complete the calculations, we propose to define
the interaction constant K, (i.e. the strength of
confinement) in terms of mg, mp,, well-known
experimental (exp) value of charge proton radius 7,,, and
the mass of u-quark m,. Really, from the proton QD-
structure  p = (uud) = [u(ud),] and equality
(r8)opm = (1) = ()exp we can calculate K, and
finally have

2
(7"2) =72 (mS - mDo)(mu + mDo)
pfebM — ‘p (ms + mDO)(mﬁ + me,o)

% my(ms+mp,)
mg(my+mp,)’

From eq. (13) it’s clear that namely the factor
(mg — mDO) defines the “plus-minus” sign in (rZ)opum-
value in the whole interval in eq. (2).

(13)

For numerical values

m,, = mg = 033 GeV, mg; =0.51GeV,r, = 0.84 fm
and mp, from eq. (13) we obtain the whole spectrum

(14)

From eq. (14) we may conclude that (i) all values of
(TK)Q pm are relatively small and (ii) are oscillating near
zero. But the whole interval nevertheless is wide enough.
How can we select the preferable value of (r)opy?

—0.17 fm* < (rf)opm < +0.23 fm?.

QD-structure of the neutron n = n[(ud),d] gives the
answer together with well-known experimental value of

(rnz )exp:

(h)exp = —0.1161 fm?* =

2 (mfi_mf)o)

= (Tnz>QDM =1 (m§+2m%0)' (15)
From eq. (15) we obtain
mp, = 0.434 GeV, (16)
and the final result for A MSCR in QDM quals to
(r8)opm = +0.06 fm?. (17)
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The result may surely be considered as a preferable
realistic value of A MSCR in QDM.

Now about the A°(uds) magnetic moment (MM).
The isoscalar nature of A and s-quark admit only the
presence of scalar diquark (ud), with [ = J = 0 inside
A°. Therefore the A°(uds) hyperon has the only QD-
structure

A° = (ud)y +s (18)
with valence s-quark. For such structure the equality
_(A®) = ps (19)

is evidently correct. Therefore, the experimental value of
A° MM= —0.613 puy surely may be used as an input
parameter for determination of the mass mg of strange
quark my = 0.51 GeV.

The main distinguishing features of A in QDM are the
following:

o A% (1115)-hyperon may be  successfully
constructed using only scalar (ud)-diquark plus valence
s-quark;

e All calculated
comparatively small;

e These values are oscillating near zero in the
interval

values of (r{)opy are

—0.17 fm?* < (rf)opm < +0.23 fm?

for all cited in the available literature masses of scalar
(ud)-diquark (see eq. (2));

e The preferable value of m(Dy) = m((ud),y)
appears as

m(D,) = 0.434 GeV. (20)

This value agrees with the QD-structure of the
neutron and with the experimental value of neutron
MSCR;

e Due to eq.s (13) and (20) the final result equals to

(r2)opm = +0.06 fm?; 1)

e It’s especially interesting to underline that eq. (21)
establishes the remarkable direct connection between the
QDM and NRCQM including spin-dependent interaction
(SDI) in the form of Fermi-Breit potential with
renormalized coupling constant. The point is that earlier
performed calculations of total (uds + SDI) A°MSCR
[2] led to exactly the same as in eq. (21) result:

(T/%)QDM = (T/%)uds+SD1 =
= 0.06 fm?! (22)
This coincidence (22) once more confirms the
statement in QDM that at first SDI effectively forms the
diquark as a separate object and only after this action the
further calculations of A structure may be carried out
without spin-dependence forces. This fact was
emotionally and impressively formulated by S.
Fredriksson (one of the active elaborators of the QDM):
“Hello diquark, goodbye gluon!” [13].



REFERENCES

1. M. Gell-Mann. A schematic model of baryons and
mesons // Phys. Lett. 1964, v. 8, p. 214-215.

2. M. Ida and R. Kobayashi. Baryon resonances in a
quark model // Prog. Theor. Phys. 1966, v. 36, #4, p. 846-
847.

3. D.B. Lichtenberg, L.J. Tassic, and P.J. Keleman.
Quark-diquark model of baryons and SU(6) // Phys. Rev.
1968, v. 167, #5, p. 1535-1542.

4. D.B. Lichtenberg, Baryon supermultiplets of
SU(6)x0O(3) in a quark-diquark model // Phys. Rev. 1969,
v. 178, #5, p. 2197-2200.

5. R.S. Kaushal and D.S. Kulshreshtha. Quark
confinement potential and the quark-diquark model for
nucleons // Annals of Phys. 1977, v. 108, #1, p. 198-211.

6. Z. Dziembowski, W.J. Metzger and R.T. Van de
Welle. Diquark clustering and the neutron charge radius
/I Z. Phys. C — Particles and Fields. 1981, v. 10, p. 231-
238.

7. Yiharn Tzeng and S.S. Hsiao. Nucleon charge
root-mean-square radius and quark-diquark structure //
Nuovo Cim. 1993, #4, p. 573-577.

8. P. Cheng, Z.-Q. Yao, B. Binoni, et al.
Quark+diquark description of nucleon electromagnetic
form factors // Eur. Phys. J. A. 2025, v. 61, article #255.

9. N. Sharma and H. Dahiya. Charge radii and
quadrupole moments of the low-lying baryons in the
chiral constituent quark model // Advances in HEP V.
2013, article ID756847.

10. S.V. Trubnikov. Charge structure of A-hyperon
/I Book of Abstracts of the XXIII International Baldin
Seminar on High Energy Physics Problems (Dubna,
Russia, September 19-24, 2016) Dubna (2016). 2016,
p. 147.

11. S. Trubnikov, I. Tkachenko, A. Afanasev.
Electromagnetic structure of Lambda A° (1115) hyperon
in constituent quark model // Proceedings of the XXIII
conference of High Energy Physics and Nuclear Physics
(Kharkiv, Ukraine, April 8-10, 2025), 2025, p. 3-4.

12.  S. Trubnikov, I. Tkachenko, A. Afanasev. Spin-
Dependent Quark-Quark Interaction and
Electromagnetic Structure of A° (1115) Hyperon //
Proceedings of the XXIII conference of High Energy
Physics and Nuclear Physics (Kharkiv, Ukraine, April 8-
10, 2025), 2025, p. 5-6.

13.  S. Friedriksson. Hello diquark, goodbye gluon!:
Preprint TRITA-TFY-84-04, Royal Inst. of Technology,
S-100, 44, Stockholm, Sweden, 1984, p. 1-7.

MOJEJIb BAPIOHIB HA OCHOBI KBAPKIB I IIKBAPKIB
TA EJIEKTPOMATHITHA CTPYKTYPA T'IIIEPOHA A° (1115)

C.B. Tpyouixos, 1.B. Tkauenko

VY pamkax kBapk-AikBapkoBoi mozeni (QDM) HaBeneHO pe3ysbTaTH PO3paxyHKIB CepeHbOKBAIPATHUHOIO
paxiyca sapsay (MSCR) rinepona A° (1115). Yucnosi 3uauenns <15 >gpy CYTTEBO 3aleXaTh BiJl MacH mp,
ckanspHoro aikeapka Dy = (ud) (J = 0), i Tomy MSCR A(QDM) mosxe OyTu sk mogaTHum, Tak i (—0,14 fm? <
<r? >oom < 0,20 fm?). Ane, okpim A°, ckanspruii miksapk D, TakoX OJHOYACHO BXOAMTH 10 QD-cTpyKTYypH
NPOTOHa Ta HelTpoHa. OTKe, 3HAUCHHS < T4 >opy = +0,06 fm? i3 mp, =0,434 I'eB € kpamum 4epes HeoOXiaHICTh
MPaBIJILHOTO BIATBOPEHHS EKCHEPHMEHTAIBHUX 3Ha4deHb pajiyca 3apsiay nporoHa Ta MSCR Heltpona. Takox

KOPOTKO 00TOBOPIO€ThCS MarHiTHHIA MOMeHT A(QDM).
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