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Non relativistic version of the BChPT or HBChPT 1s based on the expansion in terms of
the “baryon mass”

Motivation for BChPT x 1/Nc expansion

PHYS. REV. D 97, 054010 (2018)

Derivative expansion for both mesons and baryons
becomes and expansion in powers of (k/A,)

viy, =1
_ vk Km
The issue of experiencing a slower rate Pu = mpvy + ky, ’
of convergence compared to the 1 \ 1 1 L0 (1/m2)
Goldstone Boson Sector p2—m%  2mp (v.k) b

These improvements are due to cancellations between octet and decuplet
contributions in loops

On the other hand, studying the baryons in the large Nc limit of QCD emerges a dynamical
symmetry called “spin-flavor symmetry” which requires the possibility of having
degenerate baryon multiplets of higher spin in the intermediate state/s.
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Gervais & Sakita; Dashen & Manohar

| (D) _ k) _ w(¥,b)
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Since, 7N amplitude is O(N?)
1.1 2 2 ) ) ) )
A — ikklgﬂ N.“g _Xw’,XZb] — [Xzaszb] < O(l/Nc)

f2
W_ — At large Nc, QCD has contracted spin-flavor
Large N consistency condition symmetry SUC(ZNf) in baryon sector
[ X5, X'l =0

1a . G’ia
[Xo = Jim N, ] This symmetry is broken at
sub-leading orders in 1/Nc

This spin-flavor symmetry requires the existence of degenerate baryon multiplets with different

spins (a dynamical symmetry) : leads to the consideration of both octet and decuplet contributions
in the intermediate state 4




, Introduction to the combined approach : BChPT x 1/Nc expansion

L(Lagrangian) = ZEOLLO + leNLO + 372LNNLO + QBSLNNNLO + ...

Effective Theories + Lattice QCD
1 / Aqcp p & Mgy
AT mQ Agep Agep
N,

Heavy Baryon ChPT|  [HQET| | ppy

Spin-flavor Symmetry +  Chiral Symmetry

imposes constraints in Combining the HBChPT with 1/Nc provides a
the Chiral Lagrangian well behaved expansion
in the low energy phenomenology
. (because one cannot expand them
Combined a pproac N independently in low energy)

Link between the Chiral and 1/Nc expansion

¢ — expansion : O (1/N.) = O (p) = O (&)

PHYS. REV. D 97, 054010 (2018)




- Introduction to the combined approach : BChPT x 1/Nc expansion (Continued...)

Chiral Symmetry + Spin-flavor Symmetry

—»—I—A—O : \ / d°k ! i X vertex factors
R . vertex
\ (27T)d k2 —Mg po—l—ko — (mB/ —mB)

\ . J/

Q ~ O1/N,)

Intermediate Octet and Decuplet

baryon contributions are included { — expansion : O (1/N.) = O (p) = O (§)
ok k2 1
I 00 ) MW — ; ]
1-1 p(Q ) /(27T)d ]C2—M7%—|—Z€ kO—Q+Z€
i M3
= 162 {Q ((sMi —2Q%)(A\c — log ?) + (5M; — 4Q2))

- Q
+ 2m(M? — Q%) + 4(Q* — M2)** tanh™" Yo M%} ,

Contains both scales: therefore cannot Q =0my, —p°, \e = L —~v +log4dn
be expanded independently ‘



- Introduction to the combined approach : BChPT x 1/Nc expansion (Continued...)
Building blocks :

= Goldstone bosons: pions, kaons, eta

111« ) Meson Fields : 7w¢7T¢
2F

u = exp(=——

: : N
=» Baryons with spin 1/2, 3/2, ..., N¢/2 / A \

Degrees of freedom : Hadrons

e Leadmg order (Spm ﬂavor symmetry t+ chlra symmetry )
LB = Bt @ Ghu G — Cir ?2 X ) B |

N. A X+

the axial coupling is at LO g4 = ggA, being g4 = 1.2732(23)

Tr{(u'(i0; + ri)u — w(i0; + I;)u’) A% X+ = X+ + Ne X3
X = 2By(s+ip),
xe = ulyxul ux'u,
XQ_L = (Xx),
7 X+ = X1, where x1 = %(A“Xﬁ



Baryon masses

Bary()n Masses to O (f 2 ) in SU(Z) A. Calle-Cordon & J.L. Goity (PHYSICAL REVIEW D 87, 016019 (2013))
2 | | | |

1.8

1.6

C 1—1loo
mB:NCMO—I— ]I\;FSQ—F 1M2—|—5 loop+CT

1.4

mpg [GeV]

100 200 300 400 500 600

Bal‘yOn Masses to 0(53) in SU(3) I. P. FERNANDO and J. L. GOITY ( PHYS. REV. D 97, 054010 (2018) )

: S CHF A 1 C3
B (ipy + g - S5 Lo o G Nt )
+ 7 abom
hl 4 h, A0 h3 oAz hy 74 — 8By5™m?®
—S V.S + S St.G"“) + + " 0
N TN T NA TNA 3 b+ aQ + Q" B = 4By (m*T® 4 Nom?)

L




Baryon masses

CHF »

C C
mp = Mg + N S — iZBO(\@ng + Nc.mg) — X24Bomo

C

2
> 3 (4B0(\/§m8Y + Ncmo))

C

h1

L 8% 2 4By(v/3mgY + Nemg)S% — ——4Bom,S?
T NZA NCA o(v3mgY + Ncmo) N.A tBormo
hs 4Bgm A A 1
2 P08 (312 _§2 _ __N.(N.+6)
NeA /3 12

1 3
5 (Ne+3)Y Zyz) +8m°P,

1—loo 1 1a 1a
@'@/p_ 1952 d—1 D G PuG™ Ditoop(0mn — p°, M)

S

o 2 3
Ja 2r s 1 2 , 1. \2
Ao = — My —-M3— (M2 --M
Agmo =3mp + my — 2(my + mg) GMO (4nFﬂ> (3 ( 4 3\ KT M

C 4M?% — M2 4AM% — 1 M3
, o , 1E (1 4M2 log K —= | — M;log R
The breaking to the GMO relation is only coming through 2N, 3M+% 3M;

?he loop 90rrecti0ns apd .it behaves like 1/Nc +O(1/N3).
in the strict large Nc limit
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- 3.2 |} Fit Results to Baryon Masses

; I.P. FE

97, 054010 (2018) |

RNANDO and J. L. GOITY PHYS. RE\

TABLEIL Results for LECs: the ratio g, /F, = 0.0122 MeV~! is fixed by using Agyo. The first row is the fit to
LQCD octet and decuplet baryon masses [48] including results for M, < 303 MeV (dof = 50), and second row is
the fit including also the physical masses (dof = 58). Throughout the y = A = m,,.

}(zlof my [MeV] CHF [MCV] C Cy h2 I’l3 h4

0.47 221(26) 215(46) —1.49(1) —0.83(5) 0.03(3) 0.61(8) 0.59(1)
0.64 191(5) 242(20) —1.47(1) ~0.99(3) 0.01(1) 0.73(3) 0.56(1)

Fit results to Experimental & Lattice QCD masses
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LQCD baryon masses : C. Alexandrou, V. ]SII‘QDh, K. Jansen, C. Kallidonis, and G. Koutsou. Phys. Rev., D90:074501, (2014)




Baryon sigma terms

(9 mf

ors(my) = myo—mg =

om 2mp

(B | qray | B)

1) The value of the pion-Nucleon sigma term ranges from 45 MeV to 64 MeV

Eur. Phys. J. C (2018) 78:569

John Ellis, Natsumi Nagata, Keith A. Olive

—a— Compromise
—a— GAMBIT
—o—— 0806.4744
—— 1110.3797
e 1110.4971
F—e— 1111.1600
—e—] 1205.5365
—e— 1206.7034
—— 1209.3641
— 1211.1148
——] 1212.1893
—— 1304.0483
—— 1304.0483
v 1506.04142
o 1510.08013
—e— 1511.09089
o— 1601.01624
—eo— 1603.00827
= 1606.02000
pb——{ 1704.02647
This work v 1706.01465
M Pheno. v 1710.07164
t®f Lattice b—— 1804.03094
I  Compilation ——— This work
0 20 40 60 80 100
2.nv [MeV]

oy = %<N'| i+ dd | N)

T T T T T

— Gasser et al. (1991)
—— Pavan et al. (2002)
—— Alarcén et al. (2012)
—e—i Hoferichter et al. (2015)
—— Durr et al. (2016)
—— Yang et al. (2016)
—— Abdel-Rehim et al. (2016)
—— Bali et al. (2016)
o A. Walker-Loud et al. (2009)
1 1 N A E N R
20 40 60 80 100
oN (MeV)

2) There 1s a long lasting “puzzle” associated with a combination of baryon masses (in
SU(3) ) 1n the 1so-spin symmetric limit, to obtain the pion-Nucleon sigma term, assuming
the contribution by strange quark mass to the nucleon mass is negligible (OZI).

3) The connection between the pion-Nucleon sigma term and size of the correction to the
Gell-Mann-Okubo relation

Can one explain these from the combined approach ?
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Baryon masses and o terms in SU(3) BChPT x 1/N,

I. P. Fernando™, J. M. Alarcén®, J. L. Goity™*™*

* Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA.
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Sigma Terms

Baryon matrix elements of scalar quark densities give us the
information on the amount of baryon mass originates from the quark
masses

Physics Letters B 781 (2018) 719-722

Feynman-Hellman theorem

g i( B) = m; %ml mg Baryon mass dependencies on quark masses

A i .
O-ﬂN — O- _I_ 2 m_S 0- S m; indicates a quark mass

ﬁ”l L - A ﬁ’l _ - _ ms -
ooy =—(N |u+dd | N)) & = ——(Nlau+dd -25s|N) |0, = (N|ss|N)
2my 2my sz

12



Sigma Terms

A long lasting puzzle !

- A m
O.Nn = O + 20,
Mg
~ 26 MeV
S A a N
= V3 Loy A i
: ° o = —(mz + my — 2my)
— me. —m
o ~2my — my — mg s
"~ 8 3( N 2 )J
Ao
ms = m,—my
mg = %(”h_ms) There 1s a (hidden) large correction ~ 44 MeV from
non-analytic contributions from baryon self-energies
1 _ 5 _
08 = ——(Nliiu + dd — 25s|N) Aog = 05 — +(2my — ms — m=)
2mN 3 =
1 (5N.-3 N.+3
Aog =05 — — | ———my — 2N, — 3)my — ———mi=

9 2 2

Acymo = 3mpa + my — 2(my + mz) ~ 25 MeV

The dominant contributions to Agyo and Aoy are calculable non-analytic contributions: Aog/Agmo (~ —13.5 for N, = 3)
13



~ Sigma Terms (Results)

ga My

o N, Cur c1 Co ha hs hy Q B
Fit MeV~1  MeV MeV MeV MeV
1 0.0126(2) 364(1) 166(23) —1.48(4) 0 0 0.67(9) 0.56(2) —1.63(24)2.16(22)

2 0.0126(3) 213(1) 179(20) —1.49(4) —1.02(5) —0.018(20) 0.69(7) 0.56(2) —1.62(24)2.14(22)

3 0.0126* 262(30) 147(52) —1.55(3) —0.67(8) 0 0.64(3) 0.63(3) —1.63* 2.14*
AP gy Aogn N OxN OsN O8A Aoga oA

MeV MeV MeV MeV MeV MeV MeV MeV MeV

1 25.6(1.1) —583(24) —382(13) 70(3)(6)  — — —496(46) —348(16) 59(5)(6)

2 25.5(1.5) —582(55) —381(20) 70(7)(6) 69(8)(6) —3(32) —511(52) —352(22) 60(10)(6)

3 25.8° —615(80) —384(2) T4(1)(6) 65(15)(6) —121(15) —469(26) 350(27) 56(4)(6)

oxn = 69(10) MeV oA =60(10)(6) MeV

14



Combined approach : Baryon currents

Hadronic weak currents possess V-A Lorentz structure of the weak interactions

I’ It is important to know these axial and vector
] / couplings 1n order to extract the standard model
S ‘ parameters for flavor mixings
« B B
\“\ J lu’ - VIJ‘ A ILL

Vi, = Viauy,d+ Vysuy,s
A,u — Vudﬂ7u75d+vusa/y//755

B 2
_ q v
(BaViIBY) = Verartio ) | 110+ 2 00| i, ()
(Bl 4B = Veratiny(p) | o165 + 20,007 | 250 (1)
: By i

15



Combined approach : Baryon vector currents

E(Q) _ BT €2 o 4+ OA MSZT&—F—BMGZ& B
5= 2 A\AY TN, oA

where the flavor SU(3 ) electric and magnetic fields are denoted by E, and B, and given
by E'. = FY" and B = ”]“ij

BZ@S@T@ ) B

3) _ pt a a

,Cgl) - D2 Bzana

1 a ) X0 a 7 a =2
]_D)Jr (NCA2 (ggDiE_H-SJGJ -+ g?,Dz’E+j{S 7GJ } ) T 3 A

1

4 2A3 (H2X+Bzana ‘|—Z/€Ffabc aszGzc + K/Ddabc B'i)Gzc i ’%SXi—BTSi)
1 ia (A ia 1a Q1 QJ )G
o (MBS G} + ks BYES'SIGY )+---) B

The LECs ¢g; and g9 will be determined by charge radii
The term proportional to g3 gives electric quadrupole moment for 10g
and 10g — 8y transitions.

The term proportional to x, gives contribution to magnetic radii
The renormalization of the magnetic moments is provided by LECs &p p1.... 5

16



R

Baryon vector currents

ONE LO OP C ORRECTIONS RUBEN FLORES-MENDIETA AND JOSE L. GOITY PHYSICAL REVIEW D 90, 114008 (2014)
I.P. FERNANDO and J.L. GOITY PHYS. REV. D 97, 054010 (2018)
> D—i» > ¥ R>—> —cy L >
Po Po Po Do — om in
q i q pa q
o+ o = G
RSN . > ¢®  a > 5 A CHF 512 Cl A
— — ’ ) p . N m = — - X
' ) ' 1 O 1 +
p 0 ‘\ tl “‘ ". l\ :. N IS 2A
hS - . > < qf)? ’ > ‘e .

SU(3) breaking in dm are disregarded

ey gw e

go = SU(3)breaking mass difference + kinetic energy

KR . : :
[HO — guOTa + ZKGO,LLZ] fabCfcbdqu]d
charge magnetic moment

Ademollo-Gatto Theorem (AGT) 1s “satisfied” : The amplitude of
vector currents in the ¢> — 0 limit are uniquely predicted
up to first order in symmetry breaking.
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R

At lowest order the charges are represented by the flavor generators 7

r]“’/(A )poly A3 ( ga )2 0 Tj ~ UV finite ; Q* — 0
1 1+2+3 —
41)2 \4F.
( W) 5 At Q? — finite :
fa( By 2)p01y — At 1@ T UV divergent terms renormalized via
\_ 1 i (47T)2 4F7% ) g1 and g2 in the Lagrangian

Results

SU(3) breaking corrections to the AS = 1 vector charges

_ 5f1 experimentally not
- 6f1 / fl O ( 1 / NC) J1 (P. E. Shanahan et al) enough precision
. i i _ from semi-leptonic
~  Dominant contribution to the One-loop LQED hyperon decays to
Corrections are entirely by the Ap  —0.067(15) —0.05(2) determine
non-analytic pieces Son —0.025(10)  —0.02(3)
If one doesn’t combine = A
chiral and 1/Nc, then the = —0.053(10) —0.06(4)
Nc power counting 1s =—y0 _. 068(17) —0.05(2)
violated

18



Baryon charge radii

d 2
[< 7“2 >= —0 f;(Q% )’Q2_>0]

po) T T po) KN - Charge operator for generic Nc

Only the following diagrams contribute

N 73 1 78 | 3—N,
Q=T+ 5T° + °%3=B

q,ua q,ua

Some important observations (at strict large Nc limit)

B loop contributions\ 7% T3 T8
Diagram A3 O(N?) O(N?)
Diagram B2 O (1/N¢) O(Nc(:))

Dominant non-analytic contributions to the radu
are proportional to logm,

19



d 2
[< 7“2 >= —0 fcli(Q% )’QQ%OJ

> — e (r?) [fm?]

@ o Full CT Exp

q pna p 0.707 0.596 0.7071(7)
a
s

n —0.116 —0.049 —0.116(2)

A —-0.029 —-0.024

Contributions from Counter Terms (CT)
Satisfies the following relation ¥t 0.742  0.596

aA+p+ Xt +35(a—4)(n+X°+E0)+E"+57 =0 0 0.029 0.024

resulting from the electric charge being a U-spin singlet

>~ 0.683 0.548 0.608(156)
=0 —0.016 —0.049
== 0.633  0.948

proton radius used is the one resulting from the muonic Hydrogen Lamb shift

20



Baryon magnetic moments

K

2\

LO magnetic moment is given by, [— BffGiﬂ in the O(£?) Lagrangian

oL =, = 2.7928 iy

LO magnetic moment operator G* is proportional to the LO axial currents

Exp LO
@O ratios of magnetic moment% * o/ PR
St /s 212 -3
Note that the experimentally available magnetic moment ratios AJst 095 1
and corresponding LO results shows that the combined approach - . 13
can describe well these ratios at LO b/
=0 /= 1.92 2
p/=° —2.23 —1.5
ATH/AT 1.4(2.8) 2
NLO effects stem from quark masses and spin symmetry breaking
Q™ /AT —0.75 -1
/ \ p/AF 103 1
p/(ATp) 0.78 S
SU(3) breaking corrections O((m, —m)N.,) spin symmetry breaking corrections O(1/N.) 2v2
p/(Z*0A) 1.02 3
p/(Z*F¥t) —0.88 —23%

21



Baryon magnetic moments

One loop corrections to the magnetic moments are obtained from
the spatial components of the following diagrams

>—t—(X)—1p 3> X—> ——©X) =
Po Po Po
q pa q pa q pa
‘‘‘‘‘ . ) Rl )
) T ) ’ . p I .
' 1 0O 1
pO ‘\ c' * ’ Y l.

Renormalization of magnetic moments
A/’i 1 BzaSZTa {AQ (K, X+Bzana + K3 dabc iB’szc e /{4X1Bﬁfbsi)
+ ks Bw{s2 G 4 kg QBfS’LSJGﬂa}

Renormalization of magnetic radiui T D?Rrera

22



Baryon magnetic moments

As an mput proton and neutron magnetic moments giving the following relation between LECs

LECx™¥ L,O NNLO

K

K1

R2

KD

KF

KR3

R4

K5

2.80 2.887
3.29
0.00
0.397

0.53

0
0
0
0
0
0 —2.85
0

1.05

Coleman Glashow (CG) relation

_19.662 4 6.926 1 — 0.833 (m + %) 42,550 kp

HLO MUNNLO MHExp
Att 5381 5.962 3.7-7.5
At 2,691 3.049 2.7(3.6)
AY 0 0.136
A~ —2.691 —2.777
Y*+ 2,691 3.151
»*0 0 0.343
Y*~ —2.691 —2.465
=*0 0  0.490
=fT —2.691 —2.208
Q  —2.691 —2.005 —2.02(5)

K1 =—
Ky = —5.136 + 1.648 & — 0.218 (14;4 n %) + kp.
HLO HMNNLO UEzp

p 2.691 Input 2.792847356(23)
n —1.794 Input —1.9130427(5)
»t 2.691 2.367 2.458(10)
>0 0.897  0.869
i —0.897 —0.629  —1.160(25)
A —0.897 —0.611  —0.613(4)
=0 —1.794 —1.275  —1.250(14)
= —0.897 —0.652 —0.6507(25)
Atp 2537  3.65 3.58(10)
YOA 1553 1.57 1.61(8)
YOA 2197 2.68 2.73(25)2
Yyt —2.537 —2.35 —3.17(36)P

fhp — Hn — P+ + pig— + pi=o — pi=— =0

valid at tree level NNLO and receives only a finite correction from the one loop contributions.
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Baryon magnetic radii

Only the magnetic radii of proton and neutron are experimentally known

Ky = —2.63 (r?) [fm?]
Exp Th Loop

D 0.724 0.718  0.134

n 0.746 0.747  0.179 LQCD can test
>+ 0.766  0.100 these

>0 0.698  0.061 predictions
¥~ 0.922  0.189

A 0.895  0.079

=0 0.872  0.081

= 0.796  0.035

Atp 0.875  0.226

24



Baryon axial-vector currents

: Haq. . .
At tree level AbC — ,&AGJC (g;t . q" q; 5bc> In the large Nc llmlt> A’LC

Po

q7c I
q,C
A

At the leading order, axial couplings are given in terms of g4

Octet : CF — §A/3 D = éA/Q) Decuplet : CH — §A/6)

| 6 |
At vanishing 3-momentum (B'|A|B) = ¢&B 5<B’|GZC\B>

The calculations up to 1-loop corrections to the axial-currents are performed in SU(3)

Po

AZC—I—é 1C

1-loop

25



Baryon axial-vector currents

Diagrams contributing to the 1-loop corrections to the axial vector currents 1n SU(3

//)\\ /)~\ > ' >
| \ ! ) 7 o P, l
\~Wﬁv// \N_ s { ] /
P 7, | IN_ @
: ® ® A
Aqla i Aqla
A /.\‘1’“ B /ikq,la c 5
/»\\ /»\\
{ @ > > [ 1
n, ! n,
A gia ®
. qg,ia
E A
/»\\ /»\\
> @ [ > > 1 L >
Py ' Py
A qia ®
! }\q,ia
P s &~
/ \ I/ \
o . R
Py Q'g By X
A g ; ®
}\q,ia
A A ST . cy .
4 -1 C zaSZTa 42 C l]kuza{S] Gka} —|— la{Sz, Gla} + _‘;ulaSlSJGJa
N, N, N? N7
Dy . . . Dy . . Did) Df( f) -
1 .0 ,,iaia 2 ..a.,ia Qi abc ibic abc ibic
+—A2)(+u G +—A2)(+u St ——=—= 2 dyiu’G' + —5— " yiu’G

20

gaNN (Finite)

e}

3 gaNN (Finite)

SU(2)

-1
100 200 300 400 500 600 700
M, [MeV]

1 T T T

\ __—’
N + Ainloop == -

08 Only N in loop ===

0.6 - e _

02 _,»° =

100 200 300 400 500 600
M, [MeV]

A. CALLE CORDON AND J.L. GOITY
PHYSICAL REVIEW D 87, 016019 (2013)



B A3 axial current
3 {Myr=, 213.MeV} {My =, 508.122 MeV}
04Ff &
I ()
0.2 :- .
I ¢ [ ] °
0.0} . = .
[ L [ | Y
~0.2} .
i 3
~0.4} .
‘0'6:‘ p N 3t 50 57 0 =" pAtt A+ A0 AT 3+ 505 =<0 E*::

Baryon

Fit results

A8 axial current
My =, 213. MeV} {Mg =, 508.122 MeV}

p N s+ Z0 ST E0 =T ATt AT AO A™ s*+ Z*O S* E*O =*7

Baryon

C. Alexandrou et al. Phys. Rev. D94, 034502 (2016)

Fit X3, 94 6ga C{* C4 C§ Cit DY Di D§ Dj First LQCD
calculations

LO 3.9 1.35 - - - - - - - - - forbaryon
NLO Tree 0.91 1.42 - -0.18 - - - - 0009 - - axial currents
including
NLO Full 1.08 1.02 0.15 -1.11 0. 1.08 0. -0.56 -0.02 -0.08 O. hyperons and
1.13 1.04 0.08 -1.17 0. 1.15 0. -0.59 -0.02 -0.09 0. ~ the decuplet :

1.191.06 0. -1.23 0. 1.21 0. -0.62 -0.03 -0.09 0.
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Baryon axial-vector currents : Fits to LQCD
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~ Summary
® The o terms of nucleons were calculated using SU(3) BChPT x 1/N¢

® Our value for sigma Pi-N is in agreement with similar determinations in calculations that included the
decuplet baryons as explicit degrees of freedom

® The “c term puzzle” is understood as the result of large non-analytic contributions to the mass
combination, while the higher order corrections to the ¢ terms have natural magnitude.

® The intermediate spin 3/2 baryons play an important role in enhancing & and thus o, n
® The analysis carried out here shows that there 1s compatibility in the description of GMO and the nucleon ¢

terms

® The value of oV =69 £+ 10 MeV obtained here from fitting to Physical & LQCD baryon masses agrees
with the more recent results from ©/V analyses
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Summary (Cont...)

® BChPT x 1/N. improves convergence by eliminating large N, power power violating

terms in loop corrections

® SU(3) BChPT x 1/N,. shows a great improvement in describing charge, charge-radii,

magnetic moments, magnetic-radii

® Only two LECs are needed to determine charge-radii of baryons

® Only eight LECs are needed to determine magnetic moments of baryons
® Only one LEC is needed to determine magnetic radii of baryons

® Axial couplings are also an important test of this approach

® More LQCD calculations are welcome, and current predictions can be used to test

experimentally as well as in LQCD
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