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Introduction
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Introduction
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Introduction

BEBC, CDHS and CDHSW experiments concluded that the s-quark PDF was somewhat harder than the sbar.

Beyond extractions from individual experiments, global QCD analyses of charged lepton and neutrino DIS, along
with other high energy scattering data, have generally found positive values for S-.

Taking into account some of these uncertainties, the phenomenological analysis of Bentz et al. concluded that
S-=(0+-2) X0.001.

Catani et al., showed that perturbative three-loop effects can induce nonzero negative S- values ~ -0.0005,
through Q2 evolution of symmetric s-sbar distributions from a low input scale Q ~ 0.5 GeV.

1
ST = (x(s—-%)) :f dx x (s(x) — 5(x))
0

In 2001 NuTeV collaboration, using v DIS, measured:

¢ sin? Oy = 0.2277 £ 0.0013(stat) £ 0.0009(syst)
¢+ G. P. Zeller et al. Phys. Rev. Lett. 88, 091802 (2002)
World average (not including NuTeV):

¢ sin? Oy = 0.2227 + 0.0004

3 o discrepancy!!! => “NuTeV anomaly”



Nonlocal effective Lagrangian

* Flavour asymmetries can arise from the chiral loops — chiral EFT

* Why nonlocal ?

Motivation:

Finite-range-regularisation > Relativistic regulator

Heavy baryon EFT > Covariant EFT

Gauge symmetry distroyed » Gauge symmetry restored

Ward identity, Charge conservation, Renormalised nucleon charge

Solution:
Gauge invariant nonlocal chiral effective Lagrangian

Regulator derived from the Lagrangian



Nonlocal effective Lagrangian

Chiral effective Lagrangian

S — — 2 i
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f
Local interaction including pi meson
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Nonlocal effective Lagrangian

The Lagrangian is gauge invariant under the following transformation:
: ’ 1.
() = e Wrt(y),  pa) > e @pa),  Hu(@) > Fulz) — —0ud (2)

a(z) = [dad'(z — a)F(a)

EM currents including pi meson:

e —ie [ de [ a2 ppsn(@)F @ - v)rt) [ dast, v —a)F (@

B / d“’/ dy Df%f B(x) s (z)F (z — v) / a, / da o7”(z — a)F (a)d,m* ()



Nonlocal effective Lagrangian

Parameters:
D =07 and F =050 (ga=D+F=126) (C=1
c1, c2 are determined by the proton and neutron magnetic moments 2.79 and -1.91.

B 1
~ (1 - k2/A2)

Nonlocal effective Lagrangian — correlation function: F(k)

Traditional ChPT — four more LECs: ¢3, c4, c5, c6



Nonlocal effective Lagrangian

Nucleon Form Factors
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Nonlocal effective Lagrangian

Nucleon Form Factors
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F. C. He and P. Wang,
Phys. Rev. D97 (2018) 036007

* Generate the regulator which makes the loop integral convergent.

» Generate correct tree-level contribution which makes the total one close to the experiments.
11



Nonlocal effective Lagrangian

Nonlocal Lagrangian:
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Nonlocal effective Lagrangian

Normal interaction from Lo (x) = e} B(a)y"B(x) @, (x) + 4 Tyu(x)y" T, (x) oo(x)
minimal substitution: 1 e

Cre
1 +%@'[“’Ty(l’)]

X /([4(1 F(a)o(x +a)e/"(x + a) + h.c.

(72)0(.“)(§T
— —y P(x)Y'p(x) /(14(1 F(a) /(141) F(b)
X ¢(x +a)o' (x+b) [ (x+a) + " (x +b)]

C C
.. . . (nonloc), \ - q o Bo , 5 To v
Additional interaction from Linx (¥) = —“'él)(l)[ vy’ B(x) + 7 T, (a )]

expansion of gauge link:
/ (11‘/(1 a F(a)a" 0,0(x +

a)gt,(r + at) + h.c.

q(()(’)T _1 4
2 f2 plx)y’p(a / (h‘/(l a/de a ) (@ — b)"

[()(1 +a)0,0' (x +b) — 0,0(x + a)o'(x + b)] a7, (I + at + b(1 — 1‘))

13



Splitting functions

One loop diagrams:
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Splitting functions
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Splitting functions

when A — oo, ;jr“n y) — /(IA‘ (k2 + 2007 i
/1) + y2 M2 + g m?2 ]
Delta function terms:
:3 )
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= IA log )
e /( [” 0, 602 ] ()
(5fB Y) dk3 u’* A) > ()( /)
_ /(]A Qo - 3&2{ + 13039, — 50,2 + Q3
e _\ Q-\ 303
Oy = kT +m3, O = k] +A?

when A — oo, the delta function term is the same as that in the local chiral EFT.
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Splitting functions
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* LNAs do not depend on the regulators.

* LNAs are the same in relativistic and heavy baryon EFT.
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Splitting functions
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Splitting functions
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when A — o0, all terms are the same as those in the local chiral EFT.
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Splitting functions

Relationships between splitting functions:

(rbw (rbw (KR) (KR)
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Gauge invariance of nonlocal Lagrangian, charge conversation restoration.

0.8 -y 1 T rr 1. 0.8 - . - r - T r -~ rr
- (I‘l)\\ ) r (r])\\ )
0.6F — X\ o f , 0.6fF \ f
// " (rl)\\ )( ) ) f(rl)\\ )
< L
04t 1/ N (m( . 04F N\ i fA"‘R’( )
0.2} / N e SFE ) | 02b” /- -t (y)
OO :, ..\'“.;-W OO . ;m.:.;_:;;wm
B 0.2 ] v..‘.' ......‘o,.‘ ] _0'2 :- ".. .... .ﬂ“"““”-ﬂﬁo‘wﬂ
—04f e : —0.4f
~0.6 — : : —0.6k : : - : ]
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
y y

20



Numerical results of PDFs

Match quark operator o L ) 1 . .
to hadron operator: Optin =¥ c 5 07 Cai = /_1 dzx"" qj(x) = (2" ) g/
J

(N(P)|OL#IN(p)) = 2(@" 1)y p" -+ p'  (N(p)|OW N (p)) = 2 f{ prt - p
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dbar-ubar asymmetry:
d(x) —a(x) = [frrn(y) + fourat () + frrn0(y) = fr-a+(y)] ® G ()
s-sbar asymmetry:
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Numerical results of PDFs

Input PDFs of valence at tree level:

valence quark Unt (2) = dps (1) = U () = dr= (1) = Sg+ (1) = Sgo(x) = Gr(2)
N mesons:

dd(x) 4+ u(a 1 1
valence quark () = d(x), ug+ (1) = 2ugo = u(x), up(z) = ( )6 Jupo(x) = §UA+(I) =3 up++ ()
] : 1 dd(x (@
in baryons: = Uy« (1) = 51[2*—1—(1’) =d(x),d,(x) =u(x),2dso(x) = dy— () = u(x),dr(r) = ((1);_ ulz)

Dy ) — [ T ¢ s(r
%dA_(I) _ %(JAO(I) = dae (2) = Sdse- (@) = dyeo() = d(x). sp(2) = - ulr) = ¢ (3 1)+ 2s(x)

o . “‘(KR)< ;) = Au(xr) — Ad(x) “(KR)( ;) = Ad(x) JKR) _ 2Au(xr) — Ad(x)
quark distributions noov F+D ¥ YW o F_pA 3F + D
: . : : _ INA(7) — Aulx
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(KR)(,.\ _ ,1( ) () —
d, () 7D Ly () D
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Numerical results of PDFs

dbar — ubar asymmetry:
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* Contribution from octet intermediate states is more important than that from decuplet intermediate states.

¢ The sum of the on-shell contribution is close to the total result.
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Numerical results of PDFs

s — sbar asymmetry:
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Again:

+ Contribution from octet intermediate states is more important than that from decuplet intermediate states.

¢ The sum of the on-shell contribution is close to the total result.
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Numerical results of PDFs

First moment (10"-2): /Oldx[sp@)_sp(x)]:o
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Summary

Nonlocal Lagrangian is constructed by introducing the correlation function and the gauge link.
Correlation function generates the regulator and tree level contribution.

Gauge link guarantees the locally gauge invariance.

The total contribution includes on-shell, off-shell, end-point and delta contributions.

When Lambda goes to infinity, all the formulas are the same as those in the local case.

At finite Lambda, the LNAs are the same as those in the local case.

For both ubar-dbar and s-sbar asymmetry, the contribution from the octet part is dominant.
The on-shell contribution is close to the total result.

Without fine-tuning the parameters, the agreement between the calculation and experiment is very good.



The End !



