2017 FUEB BIZHR T4 |, Xi An, Nov 16, China

Octet baryon magnetic moments at
next-to-next-to-leading order in

covariant chiral perturbation theory

o Speaker : Yang Xiao
; REMEMALE Supervisor : L.S. Geng
/ Beihang University

Cooperators : J.X. Lu, X.L. Ren



OUTLINE

INTRODUCTION
FORMAL ISM

RESULTS

CONCLUSION




4

1 INTRODUCTION
S




Magnetic moment of particles

/EI Spin magnetic moment Spin magnetic \

moment
L
H=95—
O Nucleon magnetic moments
ﬂp Zmﬂ =0
O Anomalous magnetic moment
My = 2.793 2
= —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 .
u(E*) = p(p)

1
() = 5 (n)

u(=") = p(n)

WE=E7) = (X)) = —|ulp) + p(n)]

1 _
u(E%) = —5p(n)

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

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 (1961y

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 (1961y

Chiral Perturbation Theory(ChPT)

[ A Leading order calculation in ]




_oop correction

SU(3) symmetry breaking

D. G. Caldi and H. Pagels, Phys. Rev. D 10, 3739 (1974).

J. Gasser and H. Leutwyler, Nucl. Phys. B250, 465 (1985).

J. Gasser, M. E. Sainio, and A. Svarc, Nucl. Phys. B307, 779 (1988).

E. E. Jenkins, M. E. Luke, A.V. Manohar, and M. J. Savage, Phys. Lett. B
302, 482 (1993); 388, 866 (1996).

. S. Scherer, Adv. Nucl. Phys. 27, 277 (2003).
6.

e

o1

0 The contribution of NLO turns to
worsen the results




Theoretical calculation

Nonrelativistic

MK/AOCP == 0.5

/ pp =+ 448(1 —P.494HO0.11 = +2.79, \
fn = —2.47(1 —0.34-40.12) = —1.91,
- . + =+ 4.48(1 —0.64H0.17) = +2.46,
0 Heavy Baryon chiral perturbation theory ol EPTT ' N I Y
O Up to NNLO pxo =+ 1.24(1 .87+ 0.40] = +0.65,
pa =— 1.24(1 —P.8FH0.37) = —0.61,
O Bad convergence at NLO pzo = — 2.47(1 —p.sd+f0.10] = —1.25,
O Excellent convergence at NNLO pe= == 201(1 -p.6470.054= 065,
faxe =+ 2.14(1 —p.5340.19] = +1.40.

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

Relativistic
— 4+ 3.47(1 —P.257)|= +2.58,
/ fin = — 2.55(1 —P.175)|= —2.10, \
s+ =+ 3.47(1 —P.300)|= +2.43,
O Extended On Mass Shell ChPT pe- = —0.93(1 +p.187)|= —1.16,
' Up to NLLO pyo =~ 1.27(1 — P.482)|= +0.66,
. . pa = —1.27(1 —p.482)|= —0.66,
O Nice convergence properties o — — 2651 _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).



Theoretical calculation

Nonrelativistic

MK/AOCP == 0.5

/ pp =+ 448(1 —P.494HO0.11 = +2.79, \
fn = —2.47(1 —0.34-40.12) = —1.91,
- . + =+ 4.48(1 —0.64H0.17) = +2.46,
0 Heavy Baryon chiral perturbation theory ol EPTT ' N I Y
O Up to NNLO pxo =+ 1.24(1 .87+ 0.40] = +0.65,
pa =— 1.24(1 —P.8FH0.37) = —0.61,
O Bad convergence at NLO pzo = — 2.47(1 —p.sd+f0.10] = —1.25,
O Excellent convergence at NNLO pe= == 201(1 -p.6470.054= 065,
faxe =+ 2.14(1 —p.5340.19] = +1.40.

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

Relativistic

/ _ 1347

p:ﬂ:—255

= +2.58. \
_ _9.10,
lss = + 3.47 _ 1943,

(1— )

(1— )

(1— )
0 Extended On Mass Shell ChPT ps- = —0.93(1 4+ P.187)|= —1.16,
+ 1.27(1 — P.482)|= +0.66,
O Up to NLO Coincidence? iz e
O Nice convergence properties o — — 2651 _bsonle —1.07
(L+ )
(- )

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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Baryon magnetic moments

Definition

Magnetic moments are defined through electromagnetic current

(B13,1B) = ato) [P0 + ZZFF D] i)
t=0

\ Magnetic moments:[Anomanus magnetic moments}r Charge /

Steps

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



Feynman diagrams and Lagrangians

Leading order By T
- - V6
c? b Bo™ {F* B b Bo* [F+ B
_-’LIBZBm_< o { 9 ‘|‘—( o [,w: 1),

Next to leading order

) = (Biry*D,B)

D, s Foo s 3,

Liip = 5 (By*7 {un. BY) + 5 (B [w.. B)). S PNy

Fz (b) (c)

2
El;l\f}_ 4 (uf-"-u +:\ )



Feynman diagrams and Lagrangians

Next to next to leading order

cyy :+b£< (Bo"{F;, B})+ ik = (x*)(Ba""[F},. B])

MRB S 3m s
+§_;1<ng [ Bl A1) + = (Bo™ { [Fi, B] A ]) : ;} %
to(Bo" [{En, BY X))+ o=(Bo™ {{F}, B} A* ) 3
—I—S—T:I(BJ”“B){);“LF;} A + i

I 'i —_ —_
') = E{bg(BE“”-u#)(upB} + bio11 (Bot ([uy, ], B),)) é

Liig =bp(B{x",B}) + br(B[x™, B]).



Fit LECS

Problem
/ 09 LECs \
beD’beF’a1ﬂ2’a31a4’ 1’b6Dl’b6Fl
07 experiment data
p,n,AZ 22 E B
0>7 ===mmmp Cannot fit directly! ! !
\_ / /
Solution 1

Absorb and

bt
"c::'lzfﬂ_si P”{“UB}}_|__BPT [P+ B]}
N

bDJ F o
£l =+ (%) (B0 (F. BY) + 2= (x*) (Bo™ . B) -

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



Fit LECS

Solution 2

=

Constrain and according to the convergence properties

OStart point
» The success of BChPT

e Baryon mass and sigma terms
PRD82:074504,2010 ;PLB766-325, 2017

e N—N Iinteraction
arXiv:1611.08475

e m—N scattering
PRC83:055205, 2011

O Assumption

» BChPT should present good convergence properties




Fit LECS

Convergence rate

3 2 4 3
CR = max(uiy /p ' /1t3)

Fit the
rest
LECs

Calculate
CR,

If CR, less

Solution 2
Assign a Assign

Start value to values to

CR, beP and by"
A

If all reals have
been assigned to

YES beP and bg"

End /Output all

LECs

than CR,
NO

YES




Fit LECS

Solution 3

Fit to the lattice QCD data

At physical point
» [ data

OLarge pion mass
» Lots of data

| Fittoexp+tLQCD! |
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« Phys. Rev. D 74,093005 (2006)
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Constrain the values of and

CR = max(uyy'/pf;  piy /pyy) CR=0.6



Constrain the values of

o O H B N N W
c U0 O O O O O

o/o

[z]

/ny) CR=0.6

CR = max(u J;’,uB 1

and

3.0
2.5
2.0

"' 1.5
1.0

| D
B

A\

C,=0.8(IR)
C,=0.9(HB)
C,=0.6(EOMS)




Convergence properties of different BChPT

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

EOMS IR HB

Baryons

eIy wg Ing uy g W' g ng Iy ug

P —0.27 —(.38 —0.16 0.01 —(0.44 —0.07

N —0.19 (.02 —0.17 0.61 —(.18 0.74

A —(0.52 —0.08 —0.73 —0.27 —(.83 —{).32
b e 0.18 —0.04 2.08 —(.73 —00.30 0.30
b b —0.31 —-0.15 —0.05 4.20 —0.61 -{.22
b —{(.52 -0.13 —-0.73 —0.31 —{).83 —0.35
=" 0.03 —12.88 3.10 —1.02 —(.74 —-0.12
=0 | -054 -013 | -077 -032 -0.87 —0.36
AX® | —031 027 | -038 -011 -043 046




Convergence properties of different BChPT

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

EOMS IR HB

Baryons
(3) 2) (4) (3 (3), (2} (4 (3) (3 () 1) ; (8
Hp /kp Hp /Bp HBg /Bg Bg /Bp Hp /B B /BB

P —0.27 0.38 —0.16 0.01 0.44 —0.07

— —

presents the best

convergence properties!

= .03 —12.88 3.10 -1.02 —0.74 -0.12

=" -0.54 0.13 -0.77 -0.32 0.R7 0.36

AYN 0.31 0.27 ~0.38 -0.11 0.43 (.46




Check the reliability of the LECS

O9LECS

D F Dr Fr
bg,bg,bg , bg , a1, a3, a3, Ay, P1

0 Are these LECS reliable?

v' Two model independent theory

e Chiral perturbation theory
e Lattice QCD

v' ChPT and Lattice QCD can verify each other



Pion mass dependence

| |
mm EOMS, m EXP
I0'- IR | A NPLQCD
EmHB | e T.Primerefal

! . S. Boinepalli ef al.




Chi-square between the ChPT results and LQCD

Chi-square
Chiral schemes < Boinenall
-Boinepalli et NPLQCDI[2] T. Primer et al.[3]
al.[1]
IR 12.01 2.48 0.69
HB 43.45 12.49 4.64
EOMS 3.66 1.11 0.5

[1] Phys. Rev. D 74,093005 (2006)
[2] Phys. Rev. D 89, 034508 (2014)
[3] Phys.Rev. D 95, 114513 (2017)




Fit to the lattice QCD data

At NLO
" Chiralschemes | __EoMS | R | HB__
1D 3.83 4.82 4.73
6
Fit exp 0 1.20 -0.03 2.49
e elattion 1.42 28.16 12.21
N 3.73 5.07 5.29
Fit exp
+lattice 36F 1.00 -0.92 2.95
QCD _
Chi-square 0.64 13.18 5.75

(exp+lattice)



Pion mass dependence at NLO

= =K
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Pion mass dependence at NNL

4 ‘ — T
2
:Ln.
- 0
O Different BChPT results
-2
show little discrepancy :
when fit to the LQCD data  *7}
-3
0
4™
Fit to the LQCD data 2
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Chi-square between BChPT and LQCD

Fit to the exp data with constrained LECs

=2

X
OCTET BARYONS CHIRAL SCHEME
T.Primer et al. NPLQCD S.Boinepalli er al.

IR 11.18 1.96 0.56
Sum HB 27.49 8.40 341
EOMS 3.98 1.24 0.53

Fit to the LQCD data

bé‘] Ejg ¥ o g ry ,31 béjr bgﬂ ‘{‘!

IR 402 208 -020 -083 006 020 -288 -3.66 -3.59 |0.14

HB 2.16 1.08 -147 028 -1.47 153 -2.12 056 089 |0.24

EOMS 3.03 1.40 0.17 030 0.15 060 -0.56 -0.69 -0.59 |0.13




Contributions of different chiral orders

Fit to the exp data with constrained LECs

Fit to the LQCD data

EOMS IR HB EOMS IR HB
PO © ® @ WO ® o G @@ @0
/:UB #B /:U‘B Hp /*UB ﬁB /rU‘B FB /ﬂB / /#B NB /#B Ky /NB #B f#B Hp /#B #B/

P -0.27 -0.38 -0.16 0.01 -0.44 -0.07 P -0.26 -0.12 -0.12 2.09 -0.73 -1.08
N -0.19 0.02 -0.17 0.61 -0.18 0.74 N -0.22 -1.09 -0.17 0.38 -0.35 2.36
A -0.52 -0.08 -0.73 -0.27 -0.83 -0.32 A -0.61 026  -072  -0.15 -1.62 -085
3 0.18 -0.04 2.58 -0.73 -0.30 0.30 po 0.13 -1.85 1.02 -1.30 -0.41 -0.81
¥t -0.31 -0.15 -0.05 4.20 -0.61 -0.22 xt -0.31 -0.01 -0.04 10.21 -1.03 -0.82
»0 -0.52 -0.13 -0.73 -0.31 -0.83 -0.35 P -0.61 -0.29 -0.72 -0.31 -1.62 -0.82
= 0.03 -12.88 3.10 1.02 -0.74 -0.12 = 0.02 -28.25 1.22 -1.53 -1.03 -0.44
=0 -0.54 -0.13 -0.77 -0.32 -0.87 -0.36 =0 -0.64 -0.38 -0.76 -0.27 -1.71 -0.91
AX0 -0.31 0.27 -0.38 -0.11 -0.43 0.46 AX0 -0.37 -0.33 -0.38 -0.22 -0.84 -0.78




Contributions of different chiral orders

Fit to the exp data with constrained LECs

Fit to the LQCD data

EOMS EOMS IR
Baryom ) ¢ ® @ @ @ T @ @ @ @, W,
/:UB #B /:U‘B Hp /*UB ﬁB /rU‘B FB /ﬂB / /#B #B /#B Ky /NB #B /#B Hp /#B #B/
P 027 038 -016 001  -044  -0.07 026 012 -012 209 073  -1.08
N 019 7 Bel | .09 -0 038 035 236
A 052 3 IzC h I I l e th@ @ -JSSI.(Q -0.85
S 018 -0.04 258  -073  -0.30 185 102 <130 041 08I
St 031 015 -005 420 -0.61 - -0.01 004 1021 <103 -0.82
052 013 -0.73  -031 - . -0.29 072 031 162  -0.82
== 003 |-128 | 310 102 -074  -0.12 E 0.02 2825 122 <153 <103 -0.44
=0 054 013 077 032 -087  -0.36 =0 064 038 076 027 -171 091
A0 2031 027 -038 011  -043 046 AS? 037 -033  -038 022 -084  -0.78




Strange quark mass dependence
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4 CONCLUSION
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Conclusion

O Calculated the baryon magnetic moments in EOMS
ChPT up to next-to-next-to-leading order

O Determined low energy constants in two different ways
» Fit to experiment data with LECs constrained by
convergence properties
> Fit to the lattice QCD data

OO0 More lattice QCD simulations are needed to reach a

firmer conclusion



Thanks !
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