The light-quark mass dependence
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Nucleon Axial Form Factor

> Nucleon Axial Form Factor, F,(¢°)

> fundamental property of the nucleon
» information on the spins distribution A

> AL () = (0% T9)
> (NG)IALING)) = _
i {1Fa()+ 2 Gr() } 15 S u(p)

> | ) = 1+ £ R0+ 000

» ¢, and F4 dependence in ¢> are necessary in
v oscillations experiments

YY

> U capture, 3-decay
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Axial charge, g4

» Lattice QCD
> B decay: g4 = 1.2723(23) (PDG)
= benchmark for lattice QCD
> Recent lattice progress
> reduction of the systematics: excited state
contamination
» Chiral Perturbation Theory (}PT)
» EFT for QCD at low energy
» QCD based parametrization
— extrapolate lattice results to the phys.
point
> account for finite volume, lattice spacing
and excited states

» LQCD useful to determine yPT LECs

> = g4 = ga+4d16M% + Zatoop

> we extract di¢ from ga

> djs: key source of uncertainty in m,
dependence of nuclear properties:
ground-state and binding energies [1,2,3]

» previously extracted from 7N — TN

> considerable uncertainty

= Calculation of g4 (My) in xPT
Motivations:
1. test the LECs extracted from
TN scattering

2. determine d¢ from fit to
lattice

3. study more deeply the
convergence of g4 in yPT

[1] Beane et al. Nucl. Phys. A 717 (2003), [2] Berengut et al. PRD 87 (2013), [3] Epelbaum et al Eur. Phys: J. A 4942013)
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g4 in Baryon yPT

» xPT: the EFT for QCD at low energy

> Zoy ~invariance under chiral symmetry: G = SU(ns), @ SU(nf)r
> quarks, gluons — hadronic degrees of freedom
> successful description of meson properties

» Baryon yPT
> problem: mg|yjimic - 0 = Power counting breaking (PCB)
» — additional finite renormalisation: extended on mass-shell (EOMS) renormalisation

> PCB terms absorbed by LECs
> covariance and analytic properties of loops preserved

e



g4 in Baryon yPT

g4 Calculation

» NNLO &(p*) in relativistic Baryon yPT % §
> Explicit A(1232)

P SSE: 8§ =mp —my ~ O(p) 2 i i
» EOMS renormalisation
» Correct power counting and analytical properties i +i+

= appropriate for chiral extrapolations - -
| G Figure: &/(p) and &(p3) (w. f. renormalisation not shown)
> 2 — b, L0 = dus,
,77512\2 =1, 02,03, C4

(1)
> f,EN)A:>hA,gl, ) % % g
2
3 == a, anA = by, bs
EL L+ J;
8A =8 +4d]6M%+8A100p<§A3M7r)+8A100p(8AwhA~812M7r) e
4 s ~ 3 7
+5’1(41();§p(5'AvCl~C45M”)+g/(ali,op(5'A'hA‘gl'Clv“1’1’4:M”)~ % L g ¢ .

Gy =cy—c3/2 by =by+12/13bs

(3)4 (3)A

Figure: 0(p4)
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Mgz dependenc 4 from pheno

M dependence of g4 from pheno

N — N = dyg,c; .
> ’
AN = TN = ¢; } — combined fit Ref. [4,5]

hy o
> g = gy (MEY) = g4

:>‘ A-less g (My) prediction

2.5
> O(p?): partial agreement with LQCD
> O(p*): steep rise [6]
9 N
Table: dyg (GeV™2), ¢ (GeV ™) LECs from*
S 150 g o) o0
dig 22E 10 ~1.86+0.80
12 - ~0.89+0.06
I - 3.38+0.15
I - —4.59+£0.09
1 c4 - 3.31+0.13
—0@)
— 01
|
0.5 0 0.1 0.2 0.3 0.4 41 S‘iemsns etal. PRC 94 (2016)
[5] Siemens et al. PRC 96 (2017)
My (GeV)

(value converted to standard EOMS)
[6] Bernard et al PLD 639 (2006)
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Combined Fit to LQCD

» Objectives:

> more precise determination of dj¢
> study the g4 (M) convergence

» Combined fit to LQCD data:
> “Mainz”"! + CalLat®®/ + RQCD®! + PNDME!*) s
> data without g2, FV, a or M, extrapolation
> large vol. only, ML > 3.5

» We correct lattice spacing a
> ga(Mz,a) = ga(Mz) +Lixia"i

» Chiral series truncation error
> AX") = max { Q"1 [x©)], @"|x(1V], ., Qx| } ~ Q"+

.
0.1 0.2 0.3 0.4
My (GeV)

Figure: Red crosses:"Mainz"m ; black circ]es:Ca]Lal[S] ; green

(from [11]) triangles=RQCDI%); blue squares=PNDME[10].

> o) ~ (Mg /A) (Q =Mz /A)
4 2
iy = max { ()" leal. (%) |&

Agl) ~ (Mg /N)*

8

4
e o9}
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Combined Fit to LQCD: A-less

> XZ:
> 12 = xf2ree + xgrior

2
Koo =Tt (82 Mnlalt @) =8 Alatt)
Tee
att A‘S'Ala\tt +AgA X

2 46 \? by :
xprior: (?) +<?>
> %2 plateau = MS™ ~ 400 MeV

\ > A-less Fits
My @) ‘ > o)

o add M2y
= 84 = 84 +4d 1My +gA1mp(£,\- %)
> dig = —0.925+0.055 GeV 2
> underestimates truncation error

> oY)
@4

= g4 = A +4digM> +8A1°0p(gA Mz) + 8 100p (€45C15 43 M)
> ¢, fixed to TN — 7N from Ref. [4]
> does not describe data = include A

| )
0.1 02 03
My (GeV)




Lattice data analysis

Combined Fit to LQCD: explicit A

> O(p3) with explicit A

. 3
= ga = §a +4disM; +8/(ulﬁp
» /14, g1 — large-N,

. 3A o
(843M7) +g,(ufw,,(g/«,/1.f\,g| ;Mz)
> underestimates truncation error

> O(p*) with explicit A
» reproduces LQCD
0.5

0

I
0.1 0.2

‘ ‘
0.3 0.4
My (GeV)
o = = = DA
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Combined Fit to LQCD: explicit A 0 (p*)

0.1 0.2 0.3
My (GeV)

Figure: g4 0(p*) with explicit A fit.

> O(p*) with explicit A

. 3 o 3)A .
=g4 =84 +4d16M}r +g/(4k),ép (84:Mn) +g5,k))0p (84:h4.81:Mn)
4, o —~ 4A . -
+g§«‘lz;§p(g/p51 -,'-'4:M7r)+g/(“2,0p(gA1hAvglyL‘1-d| JbyiMr)

> large '(p*) contribution
=> sizeable truncation error at high M
< slow g4 convergence
> = dig=—0.88+0.88 GeV 2
> (without truncation error — Adjg = £0.17 GeV~2)
» 7N — N from Ref. [5] = djg = —1.0+ 1.0 GeV 2
> = good agreement between TN — 7N and LQCD

ot A

84 (free par.) 1.240 +£0.046

dy¢ (free par.) —0.88+0.88
N e —135
81 7\g1”\:—2.29
1 ~1.1540.05
) 1.5740.10
A ~2.5440.05
4 2.6140.10
a 0.90

by (free par) —123+1.0
h 0.855
g 1.166

%2 /dof 11.14/(43-7) =031
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Lattice data analysis

Combined Fit to LQCD: explicit A 0 (p*)

> O (p*) with explicit A

> reproduces LQCD
> slow g4 convergence
> = dig=—0.88+0.88 GeV 2

> Work in progress: Fa(q?, M) fit

» = more robust description of LQCD
» = reduce LECs’ errors
o 0.1 02 03 04 > Roper or two loop &(p’) may be necessary to reach the full
My (GeV) chiral convergence of g4
Figure: g4 ﬁ(p“) with explicit A fit.

o = A
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Work in progress: Fa(q?)

> Falq?) =ga [1+§()a* + 0(q")]

> fundamental for v oscillation experiments 12
> QE:nv —pu

» LQCD analysis recently improved

» BxPT fit to LQCD 08

= extrapolate in ¢> without ad hoc parametrisation

= extract reliable (r%) 06

> we are improving previous &(p*) extraction of (r3) up to

o(p*)

0.1 0.2 0.3 0.4
Q% (Gev?)

Figure: F (Q2) from the lattice. Green triangles=RQCD%; blue

3 2
> f,ﬁ,\) = dn, f,EN)A = by, by squares=PNDME10; red crosses="Mainz"[12]; pink half-filled
> dy, and g; are correlated circeles=PACS[13]; black circles="Cyprus”[14].
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Conclusion and Outlook

> Explicit A is necessary to describe the M dependence of g4 in ¥PT (and to better agree with
N — nN)

> slow convergence

> We extract djg = —0.8840.88 GeV 2 from the lattice in &'(p*) model with explicit A
» 900d agreement with 7N — 7N [5]
> error dominated by chiral truncation uncertainty

> Work in progress: &(p*) analysis of F4 with explicit A

» may shed more light on d}6 and also dp,
> important quantity in v oscillation and other processes

Thanks for watching!
Any questions?
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