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1 INTRODUCTION
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Magnetic moment of particles

/EI Spin magnetic moment Spin magnetic \

moment
H= 958
O Nucleon magnetic moments
ﬂp EmH =0
O Anomalous magnetic moment
e
Hp = 2. 7932_7?1;4
pn,=-1.193 -
Zmy 9/2=1.001159652193 (10)
4 N

« Radiative correction (electron and muon)

 Internal structure (proton and neutron)
. y




Coleman-Glashow Formula

SU(3) Symmetry

Sheldon Lee Glashow a
p(XT) = p(p)

1
u(A) = Sp(n)

wW(Z°) = p(n)
WE") = w(E7) = —[u(p) + p(n)]
1
u(E") = —5p(n)

aney Coleman Coleman, Sidney R. et al. Phys.Rev.Lett. 6 423 (1961%

A~

A Leading order calculation in
Chiral Perturbation Theory(ChPT)




Coleman-Glashow Formula

SU(3) Symmetry

Sheldon Lee Glashow

2.46 = 2.793
—0.61 = —0.596
—1.25 =-1.193

—0.65=-1.16 =-0.8
7 =0.596

aney Coleman Coleman, Sidney R. et al. Phys.Rev.Lett. 6 423 (1961%

A Leading order calculation in
Chiral Perturbation Theory(ChPT)




Coleman-Glashow Formula

SU(3) Symmetry

Sheldon Lee Glashow

2.46 = 2.793

7 =0.596

aney Coleman Coleman, Sidney R. et al. Phys.Rev.Lett. 6 423 (1961%

Chiral Perturbation Theory(ChPT)

[ A Leading order calculation in J




_oop correction

SU(3) symmetry breaking
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0 The contribution of NLO turns to
worsen the results
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Theoretical calculation

Nonrelativistic

MK/AOCQ = 0.5

/ pp =+ 4.48(1 —PA4HO.11 ) = +2.79, \
tn = —2.47(1 —[0.34-H0.12) = —1.01,
. . + =+ 4.48(1 —j0.64H0.17) = +2.46,
[0 Heavy Baryon chiral perturbation theory SRR S I P I
Ou P to NNLO pxo =+ 1.24(1 .87+ 0.40] = +0.65,
pa =— 1.24(1 —0.89H0.37) = —0.61,
O Bad convergence at NLO nao = — 24701 —psl0.40f = —1.25,
O Excellent convergence at NNLO pz- = = 201(1 —p.6440.03f = —0.65,
piaxe =+ 2.14(1 —p.5340.19] = +1.40.

U. G. Meissner and S. Steininger, Nucl. Phys. B499, 349 (1997).

Relativistic
=+ 3.47(1 — P.257)|= +2.58,
/ fin = — 2.55(1 —P.175)|= —2.10, \
pss =+ 3.47(1 —P.300)|= +2.43,
O Extended On Mass Shell ChPT ps- = — 0.93(1 4+ P.187)|= —1.16,
O Up to NLO pyo =~ 1.27(1 — P.482)|= +0.66,
: : pa = — 1.27(1 — .482)|= —0.66,
O Nice convergence properties o — —2.65(1 _bsonle —1.07
p=- = —0.93(1 +p.025)|= —0.95,
paxe =+ 2.21(1 —p.284)|= +1.58.

L.S. ,Geng et al. Phys.Rev.Lett. 101 222002 (2008).
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Nonrelativistic
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U. G. Meissner and S. Steininger, Nucl. Phys. B499, 349 (1997).

Relativistic

/ — 1347

[n = — 2.05
py+ =+ 3.47 = 4243,

O Extended On Mass Shell ChPT prz- =—0.93 7)|= —1.16,

(1- )
(1- )
(1- )
(1+ )
O Upto NLO Coincidence? = e
5(1 — )
(1+ )
(1- )

7= +2.58, \
— 210,

O Nice convergence properties =25 — 1.7,

pz- =—0.93 = —0.95,
fiaxo = +2.21 — +1.58,

L.S. ,Geng et al. Phys.Rev.Lett. 101 222002 (2008).
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The problems of QCD at Low energy region

O QCD is the theory of the strong interaction between quarks m
gluons
[l Problems at Low energy region
» The perturbative method is invalid because of large

coupling constant
» The basic degree of freedom does not match

observables due to color confinement

O Two model independent theory

» Chiral perturbation theory
K> Lattice QCD /




Chiral perturbation theory (ChPT)

OThe low energy EFT of QCD

» Perturbative treatment in terms of momentum
expansion instead of coupling constant < A
Steven Weinberg
» Effective Lagrangian contains all possible
terms compatible with assumed symmetry
principles that consistent with the fundamental
principles of quantum field theory

 Effective Lagrangian

Locp = Lepf = LD + LO+LB)+, ..



Baryon magnetic moments

Definition

Magnetic moments are defined through electromagnetic current

(B13,1B) = a(o) [P0 + "ZFF O] uto
t=0

\ Magnetic moments= [Anomalous magnetic moments]+ Charge /

Steps

1. Calculate all Feynman diagrams = u% + 4™ + 4@ +......
2. Extract the F5(0)
3. Fit LECS



Feynman diagrams and Lagrangians

|_eading order

4 )
£, = g_iiqégw {F;.B})+ %{Baﬁv [F+,B)), %
- N
Next to leading order
4 )

‘Cg} = (Bir"D,B)

[ D _ = F - 5 - ~ f‘gh
‘C_-L'L?B = 5(37’”7& {uﬁvB}> + E(B“f’u”r' [U,u,B]}, / g \ ’ \

o (b) (c)
I:EEI} = J(“ﬁ'u# + X+>:

- 4 J




Feynman diagrams and Lagrangians

Next to next to leading order

4 |

b’ _ b _
4) _ G . v G ) v
Lyg = +—8m () (Bo*{F,,, B}) + = (X"){(Bo""[F,,, B])

e (B [[F, B ) + g2 (Bo {[Ff. B x*)

mt

Cr: » v ;s » I
+o (B [{F. BY 1) + o (Bo™ {{FL. B} X'}

‘61 D + -+ _ ré"‘
+%<BJ BYy(x"F,,). TN ] \
1Y J \..,

{g) (h)

ey 7 _ _
L) = = {bo(Bo"u,)(u, B) + bio.11(Bo™ ([u, w,], B),)}.
2 . ~

Liig = bp(B{x", B}) + br(B[x™, B)).

.




Fit LECS

Problem
/ 09 LECS \
> b2,bf,ay, a5, a3, ay, By, bE', BE'
0 7 experiment data
> p,n, AZF, 27,27, 50
\_ 0>7 ==mmmmp Cannot fit direct! ! ! Y
Solution 1

Absorb and

b
’Cf'lzfﬂ - _<ng{ e B}} + Qe Bgﬁp [F;; B])\

/V

bg"" = b+ (x)bg "

bD’ >, v bFF >, v
L4y = +5- () (Bo" (F. BY) + 2~ (") (B [E,. B])

U. G. Meissner and S. Steininger, Nucl. Phys. B499, 349 (1997).



Fit LECS

Solution 2

Constrain and according to the convergence properties

_1Start point
» The success of BChPT

« Baryon mass and sigma terms
PRD82:074504,2010 ;PLB766-325, (2017)

e N—N interaction
arXiv:1611.08475

» nr—N scattering
PRC83:055205, 2011

O Assumption
» BChPT should present good convergence propertid




Fit LECS

Solution 2 Convergence rate

CR = ma.x(ﬁg)/ﬁt(gg}a ELS}/#Q))

( ) ( ) ( )
Assign a value . D z Fit the LECS
to CR]_ FIX b6 and b6 bgl,bg',al,az,ayamﬂl
. _ J U J . J
NO r N\ : 2
Ifthe CR, [ | Calculate the
less than the CR, values of CR,
YES . J g J
r " A
Output the values
of all LECS
. J
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Constrain the values of and

2.0 3.0 4.0 5.0 6.0

CR = max(uy /piy, pis' /) CR=0.6



CR = max(yjy /1

5 /) CR=0.6

3.0

2.5

2.0

"a°1.5

1.0

Constrain the values of and

C.=0.8(IR)

A\

C,=0.9(HB)
C,=0.6(EOMS)




Convergence properties of different BChPT

TABLE I. Contributions of different chiral orders of the HB, IR, and EOMS schemes up to O(p*).

. EOMS IR HB
'Ons
T D12 DD D12 DD uD 12 D 1
p ~0.27 -0.38 | -016 001 —044 —0.07
N -0.19 002 |-017 061 —-0.18 0.74
A -0.52 —0.08 | -0.73 -027 -0.83 —0.32
¥ 0.18 —004 | 258 —073 —030 0.30
¥t | -031 -015 | 005 420 —061 —0.22
¥ | -052 -013 | -0.73 -031 —083 —0.35
= 003 —1288% | 310 —1.02 —0.74 —0.12
=0 -054 -0.13 | -0.77 -032 —-0.87 —0.36
AY? | —031 027 | -038 —011 —043 0.46




Convergence properties of different BChPT

TABLE I. Contributions of different chiral orders of the HB. IR, and EOMS schemes up to O{pd}

Baryons

EOMS

IR

-0.16

presents the best

0.01

0.44

—0.07

-

convergence properties!

0.03 —12.88 3.10 —-1.02 —0.74 -0.12
=V 0.54 0.13 0.77 0.32 0.87 -0.36
AYY 0.31 0.27 0.38 0.11 0.43 0.46




Check the reliability of the LECS

09 LECS

D7
b6»b6:b6 :bs , 0y, Uy, A3, Ayg, 1

[0 Are these LECS reliable?

v" Two model independent theory

Chiral perturbation theory
Lattice QCD

v' ChPT and Lattice QCD can verify each other



Pion mass dependence

| |
mm EOMS, m EXP
U'- IR | A NPLQCD
Em HB | e T.Primerefal

! . S. Boinepalli ef al.




Chi-square between the ChPT results and LQCD

Chi-square
Chiral schemes
S.Boinepalli et al. NPLQCD T. Primer et al.
IR 12.01 2.48 0.69
HB 43.45 12.49 4.64
EOMS 3.66 1.11 0.5

- Phys. Rev. D 74,093005 (2006)
- Phys. Rev. D 89, 034508 (2014)
. Phys.Rev. D 95, 114513 (2017)
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O Calculate the baryon magnetic moments in EOMS ChPT
up to next-to-next-to-leading order

O Compare our results with the results of HB ChPT and IR
ChPT

O Compare ChPT results with LQCD

» EOMS ChPT presents excellent convergence properties
» The predictions of EOMS ChPT are in good agreement with
the results of lattice QCD



Thanks !



