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Outline

¥ Lecture #1

¥ Lattice QCD overview
Backgroundgactionspbservables
<+ Baryon spectroscopy
Group theory, operator design, spectroscopy results
+ Nucleon Structure Functions

# Lecture #2

+ Axial charge couplings and form factors
¥+ Generalized Parton Distributions (GPDs)
+ Strangeness in the nucleon
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Chiral Perturbation Theory

+ Effective field theory for the lovenergy regime of QCD
+ Parameterized in terms of le@nergy constants (LECs)

+ Lattice QCD can make calculations at different pion masse:
to get these constants accurately

+ Meson SU(3) case: straightforward

-g 5 ¥ Dynamical variables
A ':6\ ooy .oz
g £ Hle = e ( F, )
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+ Scale from dimension countigg,sg ~ 4 F,~ 1GeV
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Chiral Perturbation Theory

+ Baryon case
+ Can write down the variables: octet field

1 50 L +
Z — 1 1
a=1 = =0 —ZA
V6

¥ Treelevel, gives nice mass relaticeo = (i + g1 - My — 5

¥+ Atloop level,My/4"F,~ 1  Yconveygence problem

+ Solutions (SU(2))expand in different parameters, different power count
+ (1232) freedomgp= M1 My ~ 300 MeV ~O(M-)
¥ Scales < = m</\sB 0 = A/NsB
+ Smallscale expansion (SSE)
+ HeavybaryonChPT(HBChPT)
+ Finite-range regularization (FRRY:=rrIN selfenergy
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Form Factors
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Green Functions

+ Threepoint function with connected piece only

Cape (P, 7) =Y T(Js (p,t) O(1)Ta (p,0))

o3

0:V,=q 20, A, =q 2.3

+ Two topologies:

==

¥+ IsovectorquantitiesO*d: disconnected diagram cancelled
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Axial Couplings and Form Factors

+ Elastic scattering process
+ Axial couplings e
+ Vector and Axial
form factors
+ Magnetic moments N
+ Charge radii

i — ¥
1 €83
"l g + For octet baryons
. =§.§ <B |VH‘B>(Q) — ﬂB(p,) [Py,uFl ((ZQ) + Uur/q:/%{[];] U-B(p)
ﬂ“% | ‘ , L Gp(q?) |
1@ (BIAW|B) = T5(0") |1u15Gale®) + 750 77— | s D)
. M5
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Axial Charge Coupling
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+ Axial-vector current matrix element

/ y _ ~ G_P ( 2) |
(BIA(9)|B) = @) |7.7:Ga(d®) + 154 % up(p)

and axial charge couplirgy = G5 4Q?=0)
+ Well-measured experimentally from neutron beta decay
+ No disconnectedliagram contribution

+ Should be able to reproduce the experimental number and
understand the systematic effects
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Finite -VVolume Effect

+ Example from axial coupling constantrhys.Rev.D68:054509,2003
+ Quenched approximation
+ Pion mass rang&00 650MeV
+ DWF, L~=16,M:=1.8,a=0.15fm
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Axial Charge Coupling

+ Example: 2+1 DWHM. ~ 320 620 MeV,a~ 0.12 fm,L ~ 3 fm
+ Plateaux E I

1

PR A

Mg T T T T T T 1

i
1.2:-“"E!E!EIEII
[ ]

Elusld

1i=l 1 1 1 | 1 | | 1

I-EE'IIIE!EIEIEI

3 B
lalf-l L1 1 ] ] ] ] ] ] 1
]

1

1.25—....5.5]5.5"

1 EL 1 1 1 | 1 | | 1 |

o 1 2 3 4 5 6 7 8 9 10 11 12

+ Pilonmass dependence and XPT extrapolation
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Axial Charge Coupling

+ ContinuumXPT extrapolation (SSE scheme)
T. R.Hemmert et al., J. Phys. G24, 1831 (1998);Phys. Rev. D68, 075009 (2003)

03 or 2 2 .0
SSE, 2 0 (921) 25c401 19¢49.4 2
g (my) = ga+ |4Csse(A) — 55 - S ————|'m
ga~(mn) = 94 [ R T R Yy I T ey

T

1.2 0
My 043 0 i 4ciga 3
— ga) + g4l In + = m,
Ar? f2 l( ) R 2T Ao f2 T

2] VIS ecos 2

— p AL CCUs —
81w 2 A M
or 2 IAN2 .2 ¢ 2 0 2 A AZ2 ¢

oW 1
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Axial Charge Coupling

+ Example: 2+1 DWHM. ~ 320 620 MeV,a~ 0.12 fm,L ~ 3 fm

” PlateauxfE i fg ML 3
1j-l ; ; i T T T 1 ; : ; 3
I ——————————
VE w g g =5—85—5—85 ¥ § u 5
B e
13;‘ = §m = E—=—%5 =35 § 0§ &# é
1-'[I} Il 5 .; -!1 ‘I; (Ii ':' é 'EI) lIO lll llz

¥ Pionmass dependence and XPT extrapolation
1.4} ' ' ' ' ]

1-2"&’%\&\:
1| ;
h“' L
508
ap 0.6}

0.4}

0.2}

0 0.1 0.2 0.3 0.4 0.5

ms*(GeV?)

-
S
S
b
o:
:
=
g *
3
3

. —
ol
]
- &P
e
..ﬁ'

HueyWen Lind 23rd HUGS 12




Axial Charge Coupling

+ ContinuumXPT extrapolation (SSE scheme)
T. R.Hemmert et al., J. Phys. G24, 1831 (1998);Phys. Rev. D68, 075009 (2003)

2 0
SSER2) = o+ [46—'85E(A> -

(g%)? B 25¢2 g1 19¢% g4 m2
16722 324x2f2  10872f2
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= . 16272 f2 In My + hdn? f2 In My +O(e)
' § with finite-volume correction
; i me
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Axial Charge Coupling
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+ Example: 2+1 DWRM.
+ Plateaux E

\ 4

~320620MeV,a~0.12fmL ~ 3 fm
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Pionrmass dependence and XPT extrapolation
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Axial Charge Coupling: Global View

+ World data: statistical errdyars only

1.6
L exp E ‘
’ = & <08 | V\ LHPC/MILC 2+1f2
“ﬁ Cf RBCK 2fo 1
" S i ]
f— X QCDSF/UKQCD 2fo |
- 04 FVE? .
: = ]
; =t§_ : 5 QCDSF/UKQCD 0fo
,=fg L b e e ey T
. “§ 0.1 0.2 0.3 0.4 0.5
-t e (GeV?)
; a ' HWL et al., 0802.0863[ hep-lat]; M . Guertler et al., POS(LAT2006)107 ;

D. Pleiter et al.,, POS(LAT2006)120 ; K. Orginos et al., Phys.Rev.D73:094507, 2005;
D. Renner et al., POS(LAT2006)121; D. Dolgov et al., Phys. Rev. D66, 034506 (2002)
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Axial Coupling Constants: g; sand g,q;,

+ Pion mass: 350/50 MeV HWL and K. Orginos, arXiv:0712.1214
+ First lattice calculation of these guantities;
mixedaction fulFkQCD
mO10 mb20 m30 mb40 mb50

mx (MeV)| 354.2(8)  493.6(6) 594.2(8) 685.4(19) 754.3(16)
max/fr | 2.316(7)  3.035(7) 3.478(8) 3.822(23) 4.136(20)

5 mi/fx | 3.951(14) 3.969(10) 4.018(11) 4.060(26) 4.107(21)
s confs 612 345 561 320 342
g ga.N 1.22(8) 1.21(5)  1.195(17) 1.150(17) 1.167(11)

: E gzy 0.418(23) 0.450(15) 0.451(7) 0.444(8) 0.453(5)
£ g==  |—0.262(13) —0.270(10) —0.269(7) —0.257(9) —0.261(7)
3

+ Combine withg, for study of
+ SU(3) symmetry breaking
+ SU(3) simultaneous fits among three coupling constants
—> D, F, and other lowenergy constants
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+ Has applications such as hyperon scattering,
nonl ept onic decays, &
+ Cannot be determined by experiment
+ EXisting theoretical predictions:
+ Chiral perturbation theory

0.35 < gsx < 055  0.18 < —g== < 0.36

M. J. Savage et al., Phys. Rev. D55, 5376 (1997);

+ LargeN,
0.30 < gsy < 036 0.26 < —g== < 0.30

R. Flores-Mendieta et al., Phys. Rev. D58, 094028 (1998);

+ Loose bounds on the values
+ Lattice QCD can provide substantial improvement
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9,0 SU(3) Partners: g sand gy,q,

+ Simultaneous SU(3) fit
+ SU(3)HBXPT (with 8 parameters)
W. Detmold and C. J. D. Lin, Phys. Rev. D71, 054510 (2005)

which fails to describe the data
+ Simple chiral form

G_G-l""l'"'|""u'""|""|-
='=4 1.2f § { S S — oa | ¥ 7 z ':') LI
. + [ _ - T T
S ; , g = '+ Cs " x
’ g 0.6 ; | T | H _
1 —3 ¥ Systematic errors:
: 85 = T s finite volume + finitea
‘ h‘% ¢ }n ) | N - gA — 1+18(4_Jstat£b}sy5t
4 —0p33 W I o — —l l QEE — _[12?{(1'5)51:&1:{19%}-'51;
0 0.1 0.2 0.3 0.4 0.5

— 0.715(6)stat (29)ayst. F = 0.453(5)sat(19)syet
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9,0 SU(3) Partners: g, zand gy,q,

+ SU(3) symmetry breaking
osu@) = ga — 2.0 X gv» + g==

=2 et with @ = (mk —m2)/(4m f2)
(2

+ Quadratic behaviour is observed

| “g 0.4 e _
A y L Usy(a) + Not predicted by
-§ 0.2 [ : any theorem nor
e:.a : o ; chiral perturbation theory
. “-g I | —> coincidence?
i-‘% 4 | Usug) WX° : .
o -- ' { . | 1 ® 20% breaking at
' ol B T } : physical point
0 L N T S S T &
0 0.1 0.2 0.3 0.4
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Electromagnetic Form Factors

+ Two definitions
+ Dirac and Pauli form factois,, F,

o Fy(q?
(NIV,IN)(q) = un () Tuti(q 7+ O gf”f;—”

Vil
at =0
FLP(O) — 1 FQP(O) — Kp, Flﬂ»(o) — O FZn(O) — kp

un(p)

+ Sachs form factorGg, G,, ,
q

Grola’) = F6") + 37

Gu(q®) = Fi(¢*) + Fa(q”)
atQ?=0

GEP(O) = 1. GJIP(O) — Hp: GEH(O) — OjG-""vfﬂ(O) — Hn

> Fo(q?)
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+ Isovectorquantities only
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EM Form Factors: F, vs Q2

+ 2+1 examples:

+ LHPC mixed actionM. ~ 350 760 MeV
+ RBC DWF,M. ~ 320 620 MeV

0.8

— Expt: Ff ()| |
e m_=773MeV
v m_=0696 MeV | |
& m_=0605MeV |
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= 359 MeV

= =1
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Charge Radii

+ Definition: £2) = k() [1 + é P22 + @((f)]

+ Examples:
+ QCDSF: 2f cloveM. ~ 350 950 MeV, SSE extrapolation
+ RBC DWF,M. ~ 320 620 MeV, linear extrapolation
+ LHPC mixed actionM- ~ 350 760 MeV, FRR extrapolation

. . . 0.9 ' ! ) | ' T ' [ T T T | T T y

= : . |

A “ ?:‘ 08 (:{"7')1 = —(Lm;xy{1+7g§+(10g§+2)10g [”;ﬁ”

e é +q4;{;F_,_{26+3010g {”;ﬁ}Jr_%O l,A_710g AJF\A—;l }

: = - 0_7 B T ) V*’A—’—mf,s s Mpg

: “§ 06 _ [2vu—d _ 1 +5¢7 log >
" | h [ ] v (4 /)2 = m2 + A2
el 0.5 :

YT %% 02 04 06 08 MAGeV

0 0.2 0.4 0.6 0.8 M?A(GeV)
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EM Form Factors: £, vs Q~

+ 2+1 examples:
+ LHPC mixed actionM. ~ 350 760 Me\/
+ RBC DWFM. ~ 320 620 MeV AL L L
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