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1 Units

Convenient units for magnetic moments are the nonrelativistic values

UN = 27le ....... nuclear magneton,
3
,ug = 2%(1 ....... quark magneton,
2 TRR pion magneton,
s

Then for the u quark p, = —|—2,u8 and for the d quark ug = —1,u8.

Usually we assume mq = %mN, then ,ug = N.



The pion magneton is much larger due to the small pion mass,

p = (mx/ma) px = 6.85uN = zpx.

This is the magnetic moment of a free nonrelativistic pion.
For a relativistic virtual pion we expect a smaller magnetic
moment since, loosely speaking, istead of the mass,
some energy (”effective mass”) appears in the denominator.



2 Relativistic derivation

The relativistic derivation for quarks starts from the Hamiltonian

—,

H=d - (p—eA)+ ..

By puting A= —7“ x B we get

<¢\26q(r X a),lv) = feq/ r)rd dr
for the Dirac bispinor in s-state ¢4—(u 10T 0)
As a relativistic unit we then choose (deﬁned for eq = %e)
fe / r)ridr.

Similarly, for pions it follows from the Hamiltonian

H=YF—ed)oP+.,  pe=1[d2r)rdr.

In the following we shall assume jiq ~ 1) & px and i = 2z jix
with z probably between 1 and 6.85.



3 Magnetic moment of constituent quarks with pion cloud
3 a

ul) = (1= S o) [uh)=va (3l ng)—3ld )+ 2 (V3lulag)— 3 utm)
3 _ _

ty = | (1 = S a) 4" +va (f3fulrg)— B utag )= 5 (Bl g)— Bl )

We assume p-state pions and the subscript denotes the z-component of its

angular momentum.
The basis of pure flavour quarks (and bare nucleons) is denoted
by red u, d, p and n.

The magnetic moment of constituent quarks is defined as

pu = (o337 + §)paq + 3T pir|ul)

and similar for the d quark. The operators > and 1" act on pions.



The resulting magnetic moments are

pra = 2(1 = 5a) g + St

pa = —(1—a) pq — 5apr .
For a = 0.18, p, = pux and pr = 6.85 ux we get
[y = 2.28 unN, ta = —1.64 ux, tp = 3.99 un, fn = —2.90 un;,
For a = 0.18, p, = px and pr = 2 ux or fir = N we get

Hu = 1.70 HUN, Hd = —1.06 HUN, Hp = 2.62 UN, HUn = —1.98 HUN,
fu = 1.58 pn, ta = —0.94 uy, tp = 2.42 v, ty = —1.78 un,

The ratio between proton and neutron magnetic moments is spoiled, it is
no longer - 3/2 as in the simple quark model. In the first example above it is
- 1.22, and in the second it is - 1.32 or 1.36. It is well known that any pion
cloud brings the ratio from - 1.5 closer to - 1. Maybe the inclusion of p meson
etc can correct this deficiency.



4  Pion cloud around bare nucleon

Py = | (1= 5 o) [P =@ (Sl mihy— Bl ) 5 (V2o ) - Bl

In the "oldfashioned’ model with p, = px, pn = 0 and pr = 6.85 ux
we get for a = 0.18

pp = (1 — %oz + %za) un = 1.52uy ,
[y = —(%a + %zaz) un = —0.88ux .

We can fit the experimental values p, = 2.79uN, pun = —1.91pux
with @ = 0.06, z = 47, or approximately
with a = 0.18, z = 17.47 (correspondig to p, = 2.79un, pn = —2.15ux).

1)



5 Comparison with other QUARK-PION MODELS

Example: L. Amoreira, M.Fiolhais, B. Golli, M.Rosina:
Int. J. of Modern Physics A 14(1999)731-759.

H=Hy+ H, + [ &rj(r) - 7(x),

S 1 3

) = o) £ £ 00)F),

H, = WON% | Ni) (Ni| + moAg A (A,

H. =: /%[ﬁﬂ-ﬁﬂ—i—Vﬁ-Vﬁd?’r: .

Rlfm]  pip/ N pin/ pn
0.7 1.77  —1.40
0.9 204 —1.53
1.1 235 —1.69
1.3 267 —1.88
1.5 301  —2.08

Table 1: R (e.g. from Cloudy Bag Model) is a measure of pion amplitude
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