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Summation of the diagrams in the HBChPT: New
Results for the Magnetic Moments of the Baryon Octet

Summary

Magnetic moments of spin 1/2 octet baryons are reevaluated in framework of Heavy Baryon
Chiral Perturbation Theory (HByPT). New formulae for the tree-level approximation are pro-
posed. Caleulations of one-loop contributions to magnetic moments are performed in terms of
the SU(3) ¢ couplings of octet baryons to Goldstone bosons. It is shown that contributions of the
counter terms needed in the fit prove to be large and comparable to the one-loop contributions.
Tt is shown that upon using natural units for the baryon magnetic moments it is possible to
somewhat improve the results. 5till we see that one-loop corrections without eounter terms do
not change the main results of the SU{3) symmetry scheme which gives similar fit upon using
simple assumptions and only two free parametrs.

Peiome

MarsaTHElE MOMEHTEL GAPEOHCGE OKTETA COEHA 1/2 NpPORHAIHSHPOBAHBL B PAMEAX KEPAJIBHOR
TeopER BosMymeHmi ausL Tixkensx oapmonce (HHCPT). Hpenmoxensl HoBEIE $OPMYABL L
MACHATHEX MOMEHTOR B APEBECHCM NPECHNNKEHNE. BEITIACIEHAT OAHONE TIERBEX TONPARCK IPOBEACHED
B TepMEHAX KOHCTRHT cBa3m B Mofenn ST (3) . lokasano, 9T0 BENANEL KOH TPYIEHOR, HEOOXONAMELR
OpE (ATEe, BEIEEA M CPABHEMEL ¢ ONHOOETJIEBBME BEJANAME. I[OKASAHOC, 9TC BCOOIB3CBAHEE
eCTeCTREHHEIX AWHAT [ MATHATHEIX MOMEHTOR DRPHECHOBR HECKOJBKC YIYIMIAET PeSYIABTATEL
Onaako BEAHC, 9TC OMHONETICEEIE NONPARKE 63 KOETPYJIEHOR HE HSMEHAT CYIIECTREHEC PESYIBTATOR
YHOTAPHON MONENA, KOTOPAL AReT SAASKAR (GHET, HCOOABSYA OPOCTHE NPEANOICKEHAT A TONBKC

AEA CBOGOMHEIX OAPAMETPA.
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1 Introduction

Recently mapnetic moments of the octet and decuplet baryons as well as of charm baryons
were analyzed thoroughly in the framework of the Heavy Baryon Chiral Perturbation
Theory (HBChPT) [1-6]. It is a hope that on this way the convergent chiral perturbation
theory scrics for magnetic moments of the octet baryons could be constructed. The
treo-level values of the baryon magnetic moments are given cither by the SU(3); model
[8] or by the nonrelativistic quark model (QM) [9] with/or without some modifications.
Indeed, alrcady QM describes baryon magnetic moments up to 0.12px (3 means nuclear
magneton). The deviations left present a sensitive test of the baryon structure and arce
trcated in the framework of the HBYPT model through one-loop corrections and counter
terms.

Within this scheme, upon using known valucs of the axial-vector constants # and
D and usual assumptions as to various decuplet couplings, onc is left with a few frec
paramcters to adjust seven known octet baryon magnetic moments and magncetic moment
of the Q-hypcron.

We follow the main trend of the works [1-6] and show that a sum of all onc-loop
contributions reduces to a very symmetrical form. Morcover, with the degencrated masses
of # and K -mesons { which play a role of Goldstone bosons ) all the chiral contributions
can be cffeetively climinated through redefinition of the quantitics pr, pp’s of the old-
fashioned SU(3); model [8].

For the octet and decuplet baryons the results of the HByPT model scoms to show
nice convergent pattern[d, 6]. But this pattern requires larpge counter-term contributions
in order to fit the data. We write cxplicit formulac to show it more clear. We propose here
to usc natural magnetic units for baryons which scrves to arrive at smaller counter-term
contributions.

Nevertheless the results of HByPT still arc at the aceuracy of a simple-minded SU(3)
model. We hope that some morc appropriate treatment of the mass-breaking terms and for
using of natural units for the baryon magnetic moments would allow to arrive at more
convergent scheme.

The report is organized as follows. In the 2nd section there are clements of the Heavy
Baryon Chiral Perturbation Theory (HBYPT). New formulac for magnetic moments of
the octet baryons are given. In the 3rd section we bricfly repeat calculation of the unitary
symmetry part of the onec-loop contributions to the magnetic moments and present it in
a form suitable for group-theorctical treatment of the problem. Many results arc given
explicitly.

The eonclusions are stated at the end of the report.

2 Chiral Lagrangians of the HByPT

We exposc necessary clements of the Heavy Baryon Chiral Perturbation Theory (HByPT),
basing mainly on the works [1, 3, 6, 10, 11]. In its framework a chiral cxpansion of the
baryon Lagrangian is written in terms of the veloeity-dependent octet and decuplet ficlds
,(z), T,(2) constructed in order to remove the free momentum dependence in the
Dirac cquation,

D(2) = cepliMpive) Bz}, THez) = cepli Mpive)T"(z).



Here B(z) and T#(2) arc the baryon octet 1/2 and decuplet 3/2 ficlds with the masses
Mg and M7z , respectively. Note that in the definition of the TH(2) stays the mass Mp.
We define also the difference § = My — My and usc in calculations & = 250Mel/. The
I, (z) octet is given by the matrix

120 \/_Au E Do
n-[TET e L)
Sy ':'i.r _ﬁﬂu

The Ty(#) is given by the symmetrie tensor of the 3rd rank in the unitary space, Ty(2) =
To®k(2), 4,4,k =1,2,3 being SU(3); indices (T (2) = ATH(e) cte.). The Goldstone
bosons appcaring in the limit of chiral symmetry are identified with the pscudoscalar
octet and arc paramctrized as follows

1 1
1 ﬁﬂ-n—l—_ ﬁn 1 ?;-1- 1 K;
P = E ks —ﬁﬂ'_‘l‘ E"? K . (2)
K- K° n
V,_

This pscudoscalar octet couples to the baryon ficlds via the vector and axial vector currents
1 . . 3 . .
Vi (0 + L0, A = (E0HT - £,

where £ = cep(iP/f) and £ —+ LERT, with L R € SU(3)rr and f = fr = 93M eV being
the pscudoscalar decay constant in the chiral limit. In the fit f, = 93McV, fx = f, =
1.2f, were used [3)].

The lowest order chiral Lagrangian for octet and decuplet baryons reads [1]

10 = iSp B, (vD)B, + 2DSpR, 84 {A,, B,} + 2FSp B, 84 [A,, B.] —
iTH(vD) oy + 6T T + C(TP AL + B AT + .. (3)

where D, = 8, + [V,,] is the covariant chiral derivative.and F arc charactcristic for
SU(3); octet haryon coupling constants with the axial-vector ficld, while C is a relevant
coupling constant for the decuplet-octet axial-vector transition . Taking F = 2/3D.C =
—2D. D =1 onc returns to NRQM. In the calculations D = 0.75, F = 0.5, = —1.5 were
used. The operator S¥ is defined in [2, 10] and reduces to S = (0, 30) in the frame in
which «* = (1,0, 0, 0).

The clectromagnetic interaction is introduced via Dy — Dy +icAY[Q, ] and 8.P —
D, P, where A"’l is the photon field and € is the charge matrix for the quarks «,d and s,
Q@ = diag(2, —1, —3)-

As it was smd onc begins calculation of the magnetic moments with the troe-level
approximation and then performs one-loop corrections to it. There are also onc-loop
diagrams where onc inserts tree-level mapgnetic moments of the octet and decuplet baryons
and the corresponding transition magnctic moments. 3o we neced tree-level magnetic
moments.

For the octet baryons trec-lewel magnetic moments with the counter-terms due to
mass-breaking can be written in the form [1, 3]

gir, (oSHBELo™ {Q, DY) + prSHBuFl o™ (Q, Bl )+

P 8p(ba B ((@, B, M]) + b1Sp( B, Q" {(@, B,|M}) +
bESp(fﬂ,a“”'[{Qj a,}, M)+ E’GSP(EUGPH{{Q-J O, }pM}) + b?SP(Bungu)SP(MQ}}]} , (4)

LBS -
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where ¥'s are counterterm coupling constants and M = diag(0,0,1) introduces mass-
breaking term. As it was shown in [13, 14|, this expression can be casted in the form
containing unitary symmetry magnetic moments [8], symmectry-breaking terms duc to
mass corrections and offective meson-cloud contributions. Here we would profer to state
them in another way. A tree-level magnetic moment of any hyperon { without counter
terms) with the X{(qq, A)-likc quark wave function ( that is for all of them but A hyperon)
containing two like quarks ¢ with the charge ¢; and a single quark A with the charge ¢
would have the form

#(Xqg, b)) = 2egpr + calpr — ip)- (5)
One reproduces immediately the Coleman-Glashow relations [8].
. 1
#p) = p(X7) = pr + Spo,

_ o 1
p(E7) = p(E7) = —pr + po,

=0y _ 2
p(n) = p(E") = —po-

Similarly for the ¥-like hyperon with two different quark in the biquark state, X(qd, A),
onc can write

#(2(qq’, b)) = (eq + cq )pr + enlppr — pin)- (6)

Onc can writc also a formula for the magnetic moments of A hyperon containing two light
quarks «,d and onc heavy quark s as

2 1
#aguan) = (cu + ca)(ptr — Sip) + ealpr + S po)- (7)

One obtains the known SU(3) result, namely, gy = —pp/3 [8]-

The counter terms can be included into the formula as
1
Brigan) = 2eqptr + enlpr — pp) + T + Eﬂ(qqa h),

ou,d) + 0w s) =0, a(ss,d) + a(dd,s) = D,
alss,u) + a(dd, u) = 0.

D 10 3 0 0 § 0 (bl

pr 061 0 3 0 3 0 by

T b0z 0 0 — —3 bs
v, d) (=0 0 1 1 % : 0 by (8)
a(dd, s) 00 -11 3 —1 0 by
(88, ) 0o o0 0 F 0 0 be

Iy 6o o o -} -5 -1 br

In [12] these 7 constants were used to describe magnetic moments of the octet baryons,
provided only two of them , namely & and &, arc large. Instead recently in [6], where
calculations were performed up to ((1/A2), the paramcters s (k = 3,...7) which in-
trinsically arc of the order O(1/A) wore adjusted by a fit to give trec-level valucs of the
baryon magnctic moments.



The decuplet-octet transition mapgnetic operator can be taken as in [6]
L0o78) = aﬁ— FulepQi B8, S4T04™ 1+ H.C),
£

where &, §,k, I m arc SU(3); indices and @ = diag(2/3,—1/3,—1/3). The valuc jir =
—4.79 & 0.31 taken from the measured value of the A — yN decay is just the value used
in [1] pr = 7.7 £ 0.5, as pr/A; = pr/2my. With @ = diag(p, pa, ) and Gz /A,
changed to ¢f/2my this Lagrangian gives the decuplet-octet transition magnetic moments
of the usual NRQM.

Now we proceed caleulations of the one-loop correetions to the octet baryon magnctic
moments in the HyChPT along the lines of [1] and [6].

3 The one-loop corrections to the octet baryon mag-
netic moments

The octet baryon magnetic moments in the HyChPT includes tree-level contributions
(with the corresponding counter terms) and non-analytic corrections arising from one-
loop diagrams, involving 7, & and n loops with octet and decuplet baryon inscrtions. We
choosc to write it in a simple form proposed in [1]

po = iy + {EHK s ps MxBs )+ F(Mx, 6 )37+

1 X —
Y ke a5 — 2B AR ME (M} /1) (9)

where p2 arc tree-level magnetic moments. The AR = ARE" 4 AT ,5'7 arc the sum of
pion-, kaon- and n-loop sclf-cnergy contributions with the octct and dccuplct baryons in
the loop. The ﬂ_’;’K and ,Q;’K arc the contributions from the # and & loops with the photon
linc attached to the meson with intermediate octet and decuplet states, respectively [1] .
The TE’K"T)’S arc sums of the contributions from the #, X and n loops with the photon
attached to the 8, 10 and 8-10 baryon inscrtions. The renormalization scale ¢ was taken
here equal to 1 GeV. We take degencrate K and n mesons. The loop integral F{(Mx, &, p)
is [1]:

)
F(m,§, —ﬂn— +2 — 6%~ — arclan , 6<m
(m,6,1) = VT =5} — arctan] ), S

m? §—+m? —§

din— +vm? —ln—————, &>

npz +vim n5+ —— 7T
We prefer for E-like baryons to rewritc Eq.(9) in the form
1
Puem = 2eqpy + enlpF — pp" ) + T + golag, A)™, (10)

where
p;'orr = jp + st + Fmes + Fbm‘, st Fs,rs + Ffjlﬂ Ctﬂ,
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and similarly for g5, T°77, ofqq, h)™"’s.

3.1. One-loop self-energy contributions to the baryon magnetic moments

We have caleulated sclf-energy praphs of the type shown in Fig 1. It is convenient to
writc the result in the form used for the tree-level magnetic moments

& E E E E 1 3 ¥
pf(Bqq, €)) = pef (B) + 2¢,F +cp(F¥ — D)+ T ’+§ﬂf Haq,q),

where the last term is proportional to the value of the -spin projection of the baryon
and

o (uu, d) = —a*(un, s) = ;£+, a*f(ss,d) = —a*f(dd, s) = of

A
o (ss,u) = —a* (dd,u) = o] .
4 K, f;.u
B, m \ B B, m \ B
) 5

Fig1
For baryons B{(qq, ¢') of the octet it yiclds

£ (p) = o (p) + P + 3D**Jf +T cupm,
& # 1 # # 1 L
g (B = pif(EHYy 1 P o ED e _ Eﬂ_rp-;r
1
pE Y =pd (B - F¥ 4 3ﬂ"-' + T 4 arﬁ_z_

1 1
pf(Ey = wf(my - FY + SD” +7 - 5 ol o

WHE) = i (&) = 204 479 1 Lath,
2

pin) = il (m) — 5D+ T — Saif

W) = (8) - Dy T

VB (308) = VB! (5°A) — D¥ + SL,,

where

& ]' # 5 #
(D) = SHo(BIOF + 5D°) 8wy + SOl

]' & & &
e E[APQJr +B5 .+,

-y



1 & £ & & &
D =14 e pd, —ecy ], Ff= [APE+ — B,
1 1
AL, = g(,uF + 5;:;;.)[(151?” — 5D —18FD) 1%, — —C*I*;i';_, :
1 1
o = g( — pp 4 5,uD},[(unF” —5D% + 18F D), —C”me :
CH = 1(91«“2 + D) 2 T ik
af 1 1 2 2 s,rs 2 s,fm
Lyl = (= Sm)(=9F" + DMy + C iy
_ a a s f & 2 7afl0 |
Wy = (FF + PD}[(:‘F +TD" —18F D)2y + 5(3 Ly
£ ]' & &
g =~ S,up)[(sp” +7D? 4 18F DYy + Ecﬂf[,fi});

ﬂf:-n = PD[—BFDI?:EK) +C I?:_lgq];

Hore I{i%) = Mexmu/Snfie, I8 = F(Maux, 6 mymy/8nf2 5, it = IH"0 £
I’I{,s)’m. Notc that with the masscs of #,n and K mcsons degencrated and f, = f, = fx
we return to SU(3) model with just redefined pr, pp.

3.2. One-loop meson current contributions

Now we calculate onc-loop corrections duc to meson currents with octet and decuplet

baryons in the loops given by the diagrams:

v v
ﬂ-ﬂ ﬂ-ﬂ

B*

.-
[

B!

|
[

Fig.2

The orctet and decuplet contributions can also be put in a form similar to that of the
tree-level magnetic moments:

1 P
pmess,lﬂ(B(qu ql)) — 2chmesS,10 + cqﬂ(ﬁmes&,lﬂ _ Dmfx&,lﬂ} + Eamessslo(qu q )-;

Meson currents with the octet insertions in the loop
For the loops with the octet contributions onc get

FrRES, & FrRE & 5 e R, FrRE S,
Dmed — _3DF Iy, e = _2(5}3” +3FNIRTR), Tt =0,
AL By 1 L) e By 1 &
ot = —(31) — 3F® 4 2F D)I7*%, et — (ED” — 3F? — 2F D) I,

a-r_‘-'mfss — 2(F2 ‘I‘ D )IEness LT‘”S — VﬁSL;-:mneiS — FDIEnesS

m—



Meson currents with the decuplet insertions in the loop

Now we go to calculation of the loop corrections with the decuplet insertions

1 1
Dmeslﬂ — EC [meslﬂ F"‘leslﬂ Tm€£10 U, Lﬂmesll:l — VﬁSngneim — 12(’32 _.;-rv‘i‘u?w_s-!_:l;:l:.'!].J
1
:;ngilﬂ Cz Imele ; 1 me;ll'_‘l o mEEIEl Ecﬂ IE:e_le) ]

Notc that with the masses of 7 and K mesons degencrated we return to SU(3) model
with redefined pp, pp.
3.3. One-loop baryon current contributions

Finally we calculate baryon current contributions given by the diagrams

K.n
I/ o l I .o - l I
Fig.3
and begin from octet baryon inscrtions
Fyba - i) 13
fyprs _ Sl D* — 3F")pp + 6F Dpw| I, + (-5 DL . F'\pup — 3F Dpy| I
rbas o B 3 2 >
B8 = (2 FDpp — (2D* 4 ) F)psr ey + [ F Do + (gD 4 (e 17
parg _ 113 4 2 Jhar8
=gl - —F Jep — 3F Dppl Iy
8% 5 3
Lher® — [(———=D*+ —F? DF I”"‘"s
A [(— 8- T3 Jip + Jisr]
v"_ bar8 37 2 5 5 ba.rS
1.5
s = 2[(91)2 —I— 3 F2 — EFD}FD +(—D? L 3F? - EDF)‘.LLF]J!'[Tr "Xy
- [(9 ?F” + 5F,D),uD — (=D + 3F? + 2D F)pr)I[205%,,
alf‘.]rs

=2(D* 4 Fup I”:"‘gm.

Baryon currents with 10-8 insertions in the loop

Now we treat mixed 810 inscrtions into the loops
Dbﬂrlﬂ & __

[( D_I_SF)IMPIO 8+(2D+ 10

9 b
4 2 2
Fbarll'.‘l & _ [(QD _I_ QF)IM-PIO 2 _I_ (3}_‘) o _F}Ibarll'_'l S]CFT-J

F)Iba.rll'_‘l S]CF' T



Tba.rll'_‘l—s — g(_%ﬂ _I_ gF)CFTIE:rlO 2 Licwll’.‘l—s — (——D ‘I‘ F}c bea.rlﬂ &

9 1 (=—K)
i)
VBSOS = (2D + S F)Cur Iy,
a;cg:a.ﬂ & ( b + F)C Iba.wll'_‘l) 8-j abaal']z.:l'_‘l_—s — Q(D F)C Iba.wll'_‘l) 8-,

0

bar 10—8

1
ﬂf'—-ﬂn (3D 4+ = F)C TIMPID &

Baryon currents with decuplet baryons in the loop
Finally we consider inscrtion of the baryon decuplet

f}bﬂrll’_‘l — _%[31:41'10 + Ig{awlﬂ]cﬂpgj ﬁvba.rlﬂ — _%[19-{:-4r10 +411§{ar10]62;‘gj

TbcwlD - _ gc o -.;_r!x!:i'll'_‘l:]j me'll'_‘l \(“’_SL%CE]TAIO — __CE bm'lIlg
4
5t = c” molilg), ety =0, o’ = - Cpolilx)

Notec that with the masscs of 7,9 and K mesons degencrated and fr = f;, = fx we rcturn
to SU(3) model with redefined pr, pn.

4 Results and discussion

First we display results for the octet contributions into the loops up to lfﬁi order in
chiral cxpansion basing on the reasoning of [6]. The first term of cach line is the 1/A,
order term (with the cocfficient 1 in the brackets), the 2nd term is the meson current
contribution (cf diagrams of the Fig.2) of the 1/A2 order. The last two terms are of the
1/AZ order. Those with (*) is CT 1/A2 contribution, whilc that with (**) means octet
1/AS contribution (cf diagrams of the Figs.1,3).

p(p) = +3.253(1 — 0.679 + 0.230" + 0-308™") = +3.253(1 — 0.679 + 0.538),
p(n) = —2.127(1 — 0.395 4 0.007* 4 0.287*") = —2.127(1 — 0.395 4 0.204},
p(Z7) = 43.253(1 — 0.864 + 0.156" + 0.463") = +3.253(1 — 0.864 + 0.619),
p(E7) = —1.127(1 — 0.532 — 0.451" + 1.013™) = —1.127(1 — 0.532 — 0.562), (11)
p(E7) = —1.127(1 — 1.167 + 0.050" + 0.694"") = —1.127(1 — 1.167 + 0.744),
p(E%) = —2.127(1 — 1.067 + 0.094" + 0.561™") = —2.127(1 — 1.067 + 0.655),
p(A) = —1.063(1 — 1.040 + 0.2930" + 0.3241™) = —1.063(1 — 1.040 + 0.617) = —0.613.(12)

The first line for the proton magnetic moment coincides practically with the Eq.(20) of
[6]- Omc can sce that chiral perturbation theory cxpansion is not very impressive as to
convergence. Really, counter-terms added to the result of the sum of the diagrams in
order to adjust cxperimental values are, correspondingly,

p(p)®T = 0.748 { 26.8% of abs. value of u(p) = 2.793), u(n)°T = 0.015 ( 0.8% ),

p(ETY9T = 0507 ( 20.6% ), p(E7)T =0.508 ( 43.8% ),

(ETYT = —0.066 { 8.7% ), p(E°)9T =—-0.20 (16.0% ).
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That is why it was suggested to include also decuplet contributions [1],[3], [6]. Caleu-
lating along the lines of [6] we practically reproduce their results:

p(p) = +4.673(1 — 0.507 + 0.009* + 0.100**) = +4.673(1 — 0.507 + 0.109) = +2.793
p(n) = —3.188(1 — 0.439 — 0.086" + 0.125™) = —3.188(1 — 0.439 + 0.039) = —1.913,
#(ET) = +4.673(1 — 0.702 + 0.136" + 0.092™*) = +4.673(1 — 0.702 + (.228) = +2.458,
p(E7) = —1.484(1 — 0.175 — 0.429" + (.384™) = —1.484(1 — 0.175 — 0.045) = —1.160,(13)
p(E7) = —1.484(1 — 0.694 — 0.271" + 0.404™) = —1.484(1 — 0.694 + 0.133) = —0.650,
#(=°) = —3.188(1 — 0.925 — 0.169" + 0.486*) = —3.188(1 — 0.925 + 0.317) = —1.250.
p(A) = —1.594(1 — 1.004 — 0.2371" + 0.6255"") = —1.594(1 — 1.004 + 0.388) = —0.613(14)

situation with the values of the counter terms scems to become oven worse as
p(p)tT =0.042 (15%), p(n)°7 =0.274 ( 14.3%),
pENT = 0.635 ( 25.5% ), (BT =0.637 ( 54.9% ),
p(E7)T = 0.402 ( 61.9% ) w(E®)°T =0.539 ( 43.1% ), p(A) = 0.378 (62%).

and we just compare it with the simple-minded unitary model

p(p) = 2.578(1 + 0.0829) = +2.793(7.6%),
— —1.628(1 + 0.175) = —1.913(14.9%),
p(E1) = 2.679(1 — 0.0470) = +2.458(4.9%),
= —0.951(1 + 0.219) = —1.160(17.9%), (15)
#(E™) = —0.951(1 — 0.316) = —0.650(46.2%),
) = —1.628(1 — 0.232) = —1.250(30.2%),
p(A) = —0.814(1 — 0.247) = —0.613(30%),

where the value 1 in brackets corresponds to the fit with only F and D constants, while
percents in the RHS indicate the value of naive unitary symmetry breaking,

Now we try to improve situation by going to natural units for baryon magnctic mo-
ments. Really it is plausible to consider baryon magnctic moments in terms of its proper
magnctons. It would be natural to assume that symmetry limit valuc for every baryon
magnetic moment is just its valuc in the proper magnetons. It does not change one-loop
calculations as these are done in terms of chiral theory quantitics with all the masses of
the baryons in the given unitary multiplet degencrated. But this reasoning changes dras-
tically the valucs of the terms pp, pp and of the respecrive counter terms b's. First we
calculate corrcetions in terms of (1/2mp) with the octet baryon insertions which yiclds:

p(p) = 4.0327 — 2.209 + 1.000™ — 0.0307" = 2.793;

(BT = 4.0327 — 2.810 4 1.506™ + 0.3833* = 3.117;
p(%7) = —1.3663 + 0.600 — 1.142™ + 04373* = —1.471;
p(E7) = —1.3663 + 1.3315 — 0.782™ — 0.0797* = —0.913;

(2% = —2.6663 + 2.270 — 1.193" — (.1657" = —1.755
p{n) = —2.6663 + 0.840 — 0.610*" + 0.5233" = —1.913.
p(A) = —1.3331 + 1.106 — 0.3445™ — 0.1554" = —0.72T.
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The last term with upper * in the sum means contact term. Once can sec that the CTs
arc large for 7 (30%), n (27%). The situation is improved a little, so we try to calculate
also decuplet contributions in the loops. The result is:

pip) = 4.5822 — 2.360 + 0.467** — 0.2872* = 2.793 (11%);

p(ET) = 4.9822 — 3.280 4 0.430*" + 0.9838" = 3.117 (32%);
(%7} = —1.600 + 0.260 — 0.570™ 4 0.4388" = —1.471 (25%);
#(E7) = —1.600 + 1.030 — 0.600* + 0.2578* = —0.913 (29%);
p(E%) = —3.382 + 2.949 — 1.550 4 0.2283" = —1.755 (13%);

g{n) = —3.382 4+ 1.400 — 0.399"" + 0.4683" = —1.913 (23%);

p(A) = —1.691 + 1.600 — 0.997*" + 0.361* = —0.727 (50%).

Now wc just sum 1/A3 corroctions (loops** + CT*) to arrive at:
p(p) = 4.9822(1 — 0.4755 + 0.0361) = 2.7932;

p(ET) = 4.9822(1 — 0.6583 + 0.2839) = 3.1169;
p(%7) = —1.600(1 — 0.1625 + 0.0812) = —1.4699;
p(E7) = —1.600(1 — 0.6437 + 0.2137) = —0.5121;
p(E°) = —3.382(1 — 0.8720 + 0.3509) = —1.754;

p(n) = —3.382(1 — 0.4140 — 0.0201) = —1.9139;

p(A) = —1.691(1 — 0.9462 + 0.3761) = —0.727.

We sce that our results look more convergent. Maybe it means that a significient part of
the mass corrections now is hidden in the terms pp, pp. The overall values of the CT's
arc about 20-30%, which is less than in previous caleulations. The HByPT modd scems
to teach us that it is the mass corrections that are the main sources of diserepancy. But
still we sce that onc-loop chiral corrections do net chanpge the main results of the SU(3)
symmetry scheme which gives just similar fit for the octet magnetic moments using very
simplc assumptions and only two free paramcters.

We hope that with some more appropriate trecatment of the mass-breaking terms the
HBxPT modecl may permit a sclf-consistent desceription of the baryon magnetic moments.

Acknowledgments

We arc grateful to A.Ozpincei, V.M.Dubovik, F.Hussain and G.Thompson for discus-
sions.

One of the authors (V.Z.) would like to thank Professor $ Randjbar-Dacmi and the
High Encrgy Scction of the Abdus Salam ICTP (Tricste, Italy) where the main part of
this work was donc for the hospitality cxtended to him.

The financial support of the Abdus Salam International Centre for Theorctical Physics
(Tricste, Italy) to V.Z. is gratefully acknowledged.

12



References

[1] Jenkins E., Luke M., Manohar A., and Savape M.J.// Phys.Lett.1993.V.B302, P.482;
ibid.1596.V.13388, P.866 (E).

[2] Jenkins E., Manohar A.// Phys Lett.1951.V. 3255, P.558 .

[3] Ha P. and Durand L.// Phys.Rev.1998.V. D58, P.053008 .

[4] Durand L. and Ha P.// Phys.Rev.1998.V.D58, P.013010 .

[5] Ha P.// Phys.Rev.1998.V. D58, P.113003 .

[6] Puglia 5.J. and Ramscy-Musolf M.J.// Phys Rev.2000. V.D62, P.093008 .

[7] Banuls M.C., Scimemi I., Bernabeu J., Gimencz V., and Pich A_{/Phys Rev.2000.
V.D61, P.OT4007 .

[8] Coleman §., Glashow $S.L.// Phys.Rov.Lett.1961.V.6, P.423 .

[9] Morpurgo G.// Physics (NY) 1965. V.2, P.95.

[10] Georgi H.// Phys.Lett.1990.V. 3240, P.447.

[11] Husscin F., Korner J.G., Landgraf J., and Tawfiq 5. // Z.Phys.1996.V.C69,P.655.

[12] Bos JJW., Chang D, Lee 5.C., Lin Y.C., and Shih HH.// Chin J.Phys.1997.V.35,
P.150 .

[13] Bukina E.N., Dubovik V.M., Zamiralov V.5.// Vest.Mosk.Un-ta. 2000. N2, P.3 . (in

Russian)
[14] Bukina E.N.// J.Mod.Phys.A. 1955.V.14,P.2525.

[15] Gasiorowicz S., Elementary Particle Physics. 1966, John Wiley & Sons. Inc., Now
York-London-Sydncy.

[16] Nyuen Van Hicu, Lectures on the Unitary Symmetry Theory of Elementary Particles,
Moscow, Atomizdat, 1967 (in Russian).

13



Appendix A
Coupling of the Goldstone bosons to octet 1/2 and decuplet 3/2 baryons

Let us write now in detail a unitary structure of the Lagrangian describing an in-
teraction of the pscudo-Goldstone bosons with octet 1/2 baryons. Omitting space-times
indiccs we obtain from the Eq.(3) (scc,e.g., [15],[16]):

L=DSpB{P B}+ FSpR[P, D).

It is convenient to write first the part involving pions and #-mesons, and then that with
kaons:

Legp=(F+ D}[P“W+ +npr + _(PP - ﬁ-ﬂ-}fo]+

=
F 4 D)[EE n+ 4 E-E% — —_(E=° — E-5)r°
(—F+D)| ol ]
V2R [EF R0t 0% rt 1 IS B 20 (TFEY T )2+ (A1)

2 — — = J— P P
-D[EAR+AYR+ XY —AAy|+—=(BF-D +an 3F + DYECE +E-E ),
e 01+ (3 ~ D){op -+ anjn~ J(GF + D) n

Lxpp =(D - F){ (X0pK~ — XPnK°) + T¥pK® +ﬁE—K+}+

i

(F + D) { {(” E XK —ERCKY) L EORTR T 4 ER K“} (A2)

1 — _ 1 _ _
—(3F + DY<ApK~ + AnK°l 4+ —_(3F — DY<=-AK~ +EPAK°! + H.C.
7! }{Ap } 7 ){ }

In order to include into the 7, K, n-loops also decuplet contributions we write in detail the
unitary part of the Lagrangian , describing an interaction of the pscudoscalar mesons with
the decuplet 3/2 baryons (omitting space-time indices){sce, c.g.,[15],[16]). With C = ¢* it
coincides with the respective part of the Eq.(3):

L* = Ceras TETAPT 1+ H.C. = % {[2B7p + 2% — TFRt — TR — VITOA

H*0E — BB ]\/{_ + [2++ (TED‘F TJ'LO} —V3AFTp + \/EFE_ — At 4+ EOE |zt 4+

[VBATTEY — ZATE® — A0%- 4 TE0 %WE‘]KH—

1 -— 3 .0 =—

AD + A n— — ) M Y EO _ E*_AD _ T EO _—

&% f( ) V6 ]
+[ATET — V2A0%° — V3ATE 4 ﬁz*ﬂ”ﬂ 2T KO 4 V,_E*D p— BBt L Tend
T*—(—1 50 _ 3 A% — VIR EKT + [ﬁ(—1 2oy 3 A% T p L EE — By

V2 vE V2 VB
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VIDTET KO+ [- TR 4 508 £ BT — E0E 4

3
E*—E-]\gn} +HC. (A3)

On the deduction of the A-hyperon magnetic moment

We can deduee A-hyperon magnetic moment from that for the X%hyperon using non-
lincar relations which hawve their origin in U- and V-spins. Interchanging quarks d < s
onc just gets BT quark model wave function from that of the proton onc, E® quark model
wavc function from that of the ncutron onc and so on. As for X%(ud, s}, it just changes to
¥%(us, d) which is the state with I/ = 1, {3 = 0. Similarly, interchanging quarks % ¢+ s onc
pets 27 quark modcl wave function from that of the proton and so on. As for E%ud, s),
it just changes to f}c'(ds,ﬂ) which is the state with IV =1, V3 = 0. It is casy to show that
there is a rclation betwoen the magnetic moments of the states L2, 3%(us, d), £°(ds, u)

and A:

Appendix B

2(5°(ds, ) + 2p(S0(uus, ) — p(2°) = Bu(A). (B1)

S0 we can perform caleulations with the Y-like quark model wave functions instead of the
A-like oncs. Taking the standard NRQM relation for the 3%(ud, s) magnctic moments,

2 2 1
== —lta— — s,
PET) = S+ Spa—
wc obtain formally
- 2 2 1 = 2 2 1
End — kg - T EO 1 = L s o TR 1
pEds, ) = cpte b Spa = St (28 d)) = gt St — St
and Eq.(B1) yiclds
pA) = pa,

as it should be.

In the same way in the SU(3); modcl magnetic moment of any A-like hyperon Eq.(7)
can be derived from the magnetic moment of the corrcsponding ¥-like onc Eq.(6) as
follows:

#(Eaq b)) = (eq + e} F + en(F — D),
p(E°(he’, @) = (en + ) F + co(F — D), (B2)
p#(X°(hq, ¢) = (en+ cg)F + ¢y (F — D),
wherefrom upon using Eq.(B1):

2 1
Eagan) = (g + cg}{ptr — EPD) + calpr + ﬁ’uﬂ)' (133)
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