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Large-Momentum Effective Theory (LaMET)
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Large-momentum effective theory (LaMET)

® | arge-momentum expansion:

dy -
Jlx, p) = J |y_| fO, P, u)+0 (

* X. Ji, PRL 110 (2013); SCPMAS7 (2014);

* X. Xiong, X. Ji, J.-H. Zhang and YZ, PRD 90 (2014);
* Y.-Q. Ma and J. Qiu, PRD98 (2018), PRL 120 (2018);
e T. lzubuchi, X. Ji, L. Jin, |. Stewart, and YZ, PRD98 (2018).

* X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543.
* X. Ji, YZ, et al., Nucl.Phys.B 964 (2021).
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Large-momentum effective theory (LaMET)

® | arge-momentum expansion:
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* X. Ji, PRL 110 (2013); SCPMAS7 (2014);

* X. Xiong, X. Ji, J.-H. Zhang and YZ, PRD 90 (2014);
- Y.-Q. Ma and J. Qiu, PRD98 (2018), PRL 120 (2018); State-of-the-art: next-to-next-to-

e T. lzubuchi, X. Ji, L. Jin, |. Stewart, and YZ, PRD98 (2018). Ieading order (NNLO) matching for

* X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543. ! .
’ ’ ’ ’ the non-singlet rk iI-PDF.
* X. Ji, YZ, et al., Nucl.Phys.B 964 (2021). S MleliElne [ s LEllS GoeEs

(xP%)2" ((1 = x)P?)?

® Ma'l'ching coefficient: * L.-B. Chen, R.-L. Zhu and W. Wang, PRL126 (2021);
® Z.-Y. Lii, Y.-Q. Ma and J.-W. Qiu, PRL126 (2021).
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Large-momentum effective theory (LaMET)

® | arge-momentum expansion:

fia >=J°° ﬂc« ﬂ >f<y PSPy (R
B T e ) T Gpa (1 = xpap

* X. Ji, PRL 110 (2013); SCPMAS7 (2014);

* X. Xiong, X. Ji, J.-H. Zhang and YZ, PRD 90 (2014);
* Y.-Q. Ma and J. Qiu, PRD98 (2018), PRL 120 (2018);
e T. lzubuchi, X. Ji, L. Jin, |. Stewart, and YZ, PRD98 (2018).

* X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543.
* X. Ji, YZ, et al., Nucl.Phys.B 964 (2021).

. o« o 2
® Matching coefficient: it

y?P? x?P? y?

(1) M asCrp K Similar to DGLAP evolution:

1 G B 5 Z

C (ﬁ’ yPZ) B 2T o(1 f) 2] dC(&, u/(xP%)) _ a,Cp P(O)(g) - 35(1 5
=2 (1 L2 ¢ d In(xP?) | >

y + 1) X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, arXiv: 2004.03543.

asCr
2T

{ 1n(4§(1—§))—1]+1) 0<¢<l

+

<0

YONG ZHAO, 04/13/2021 5



Large-momentum effective theory (LaMET)

® | arge-momentum expansion:

dy -
Jlx, p) = J |y_| fO, P, u)+0 (

* X. Ji, PRL 110 (2013); SCPMAS7 (2014);

* X. Xiong, X. Ji, J.-H. Zhang and YZ, PRD 90 (2014);
* Y.-Q. Ma and J. Qiu, PRD98 (2018), PRL 120 (2018);
e T. lzubuchi, X. Ji, L. Jin, |. Stewart, and YZ, PRD98 (2018).

* X. Ji, Y.-S. Liu, Y. Liu, J.-H. Zhang and YZ, 2004.03543.
* X. Ji, YZ, et al., Nucl.Phys.B 964 (2021).

® Matching coefficient:

oo

Agep  Adep
(xP?)?" ((1 = x)P?)?

) CasCro o [3, w5
C (g, ) (1 =) [21n4x2P3+2]
X 2
=3 (1+€ +1) £ > 1
sC 1+ &2
_0427TF<( f[ 2P2+1n 45(1—5))—1]+1)+0<§<1
_l_

YONG ZHAO, 04/13/2021



Large-momentum effective theory (LaMET)
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® Matching coefficient:
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Hybrid renormalization scheme

O (2, @) = ()T Wylz.0ly(0) = e*"! Z, (a)Z, () O (2)

See X. Ji, YZ, et al., NPB 964 A minimal subtraction:

(2021) and references therein.
e Wilson-line mass subtraction

Or (2 g) = Zpypria(as ugle " 0g (2, a)

‘@ QOverall renormalization

h(z, P a) ,

Ratio-type schemes:
e RIMOM

Zy ={q10" (@) 1q)
e Hadron matrix W

!

elements

Physical
Zy = (P;=0]|0'(2) | Pj = 0) extrapolation
e Vacuum expectation
value -

Zy =(Q|0' ()| Q)
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Lattice data

® Wilson-clover fermion on 2+1 flavor HISQ configurations.

., P, (GeV) C a=0.076 fm

a = 0.06 fm|a = 0.04 fm P,=0 GeV 1.27 GeV
0 0 0 0

0.25 GeV 1.53 GeV
1 0.43 0.48 0
9 0.86 0.97 1 0.51 GeV 1.78 GeV
3 1.29 1.45 2/3 0.76 GeV 2.04 GeV
b L 193 13/4 1.02GeV 229 GeV
5 2.15 2.42  |3/5
483 x 64 643 x 64 643 x 64
m_= 300 MeV m_ = 140 MeV

e X. Gao, YZ, et al., PRD102 (2020).
e X.Gao, YZ, et al., 2102.01101.
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Wilson-line mass renormalization

® Polyakov loop
*

(Q] R| 1Q) o exp[—V(R)T]
® Renormalization condition: adm(a = 0.04 fm) = 0.1508(12)
Vi a)|  +26m(a) = 0.95/r, asm(a = 0.06 fm) = 0.1586(8)

1 aom(a = 0.076 fm) = 0.1597(16)
om(a) = — Z c,a’(1/a) + Sm
a

n

A. Bazavov et al., TUMQCD, PRD98 (2018).

5m(1)at d AQCD

C. Bauer, G. Bali and A. Pineda, PRL108 (2012).
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Wilson-line mass renormalization

® Check of continuum limit: O5(z,a) = " Z (0)Z; (a) O (2)
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Wilson-line mass renormalization
® Matching to the MSbar scheme:

NS hz,a,P*=0)  h(z,P*=0, u)

e (2=2) [im e ~0mE=%) — = — 2,0 > a
l a—{ h(ZOa a, P =0) h(Z09 P =0, u)
Renormalon in the Wilson-line mass correction.
C. Bauer, G. Bali and A. Pineda, PRL108 (2012);
C. Alexandrou et al. (ETMC), 2011.00964.
J— —1
MS _ — 2.2 2A2
Perturbative: / \
e Known o NNLO Non-perturbative:
* L.-B. Chen, R.-L. Zhu and W. Wang, PRL126 (2021); O Leading infrared renormalon

® Z.-Y. Li, Y.-Q. Ma and J.-W. Qiu, PRL126 (2021).
e 3-loop anomalous

dimension available.
* V. Braun and K. G. Chetyrkin, JHEP 07 (2020). ® V. Braun, A. Vladimirov and J.-H. Zhang, PRD99 (2019).

contribution is quadratic

X ZZA%)CD
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Wilson-line mass renormalization
® Matching to the MSbar scheme:

h@a P =0) iz Sl 2 p) + A2

e—5m(z—zo) _
h(zg, a, P* = 0) Colay(p), zgu?) + Az§

20 > a

® Use both fixed-order and renormalization-group improved (RGI)
NNLO OPE formulae; X. Gao, YZ et al., 2102.01101.

® Two parameter fit fo a wide range of z.
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Wilson-line mass renormalization
® Matching to the MSbar scheme:

® Fixed-order OPE leads to excellent fits, while RGI OPE does not;

® The a-dependences of the parameters are negligible.

P

Zmax = 0.48 fm Zmax = 0.60 fm Zmax {0.72 fm \
a = 0.04 fm, Xios = 0.33, X0y = 0.26, Xiof =
1w=2.0 GeV omg — 0.166, omg — 0.164, omg — 0.167,

A — —0.0475 A — —0.0485 A — —0.0472
a = 0.06 fm, Xios = 0.0015, Xiop = 0.024, Xy = 0.24,
n = 2.0 GeV 57710 — 0.169, Omg — 0.173, 577”&0 — 0.179,

A — —0.0485 A — —0.0468 AN — —

Zmax = 0.532 fm Zmax = 0.608 fm Zmax (= 0.684 fm)
a = 0.076 fm, Xc2lof = 0.011, X?iof = 0.11, X?lof —038—
uw=2.0 GeV omg — 0.171, omg — 0.174, omg — 0.178,

A — —0.0449 A — —0.0436 A — —0.0421

Table 4: dmyg in unit of GeV, A in unit of GeV?, and ) in unit of GeV*. 4
g — ad
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Fourier transform

® Extrapolation with models featuring an exponential decay:

f(il?, Pz; Zs)

huybrid(2, Ps, 2s)

1°OJ:’ Se, — Ae—W
().85— .. — Ae= PN
0.65- . .
0.45-
A

a=0.04 fm, P, =1.45 GeV, zg=6a, 7 = 19a.

We are still in the process of finishing the hybrid scheme analysis, so to show
some preliminary results, we opt to use the ratio scheme for now.
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Temporary choice: ratio scheme

® Taking advantage of the fact that the NNLO OPE with leading
IR renormalon contribution can fit to a wide range of z:

po e Py hGPL ) k@ P
a~0 h(z,a, P =0) h(z,P2=0,u) Colay(p),z?u?) + Az?

z<0.72 tm

v

v Mz aP) Cola), ZuDHAZ kG P p)
a>0 h(z,a, Pz =0)  Cylay(p), 22u?) Colay(u), z%u?)

Ratio scheme. But strictly speaking, the factorization formula is in doubt at large z.

e T. lzubuchi, X. Ji, L. Jin, |. Stewart, and YZ, PRD98 (2018);
* A. Radyushkin, Phys.Lett.B 781 (2018).
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Perturbative matching at NNLO

® Perturbative correction shows good convergence.

fv(x)
3.5?—
3.0}

2.5

a=0.04 fm, P,=1.45 GeV, u=2.0 GeV

=10
= NLO
| NNLO

 fo()
0.6¢

a=0.04 fm, P,=1.45 GeV, u=2.0 GeV

0.2 0.4 0.6

Error band only includes statistical uncertainty.
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Dependence on P; and a

x fu(x)
0.5¢ gjgv(x)

a=0.04 fm, y=2.0 GeV p=2.0 GeV = a=0.04 fm, Pz=1.93 GeV
0.4 = Pz=1.45 GeV 0.5l = a=0.06 fm, Pz=1.72 GeV

= Pz=1.93 GeV B a=0.076 fm, Pz=1.78 GeV
B Pz=2.42 GeV

0.3}F

0.2¢
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Comparison with previous analysis and phenomenology

/()

3.0[
250 \
2.0}
1.5}
1.0}

0.5}

a=0.04 fm, P,=2.42 GeV, py=3.2 GeV

= OPE

B x-space

-+ JAM

— ASV
xFitter

-»- FNAL

0.2 0.4 0.6 0.8

X

x fo(T)

0.9}

= OPE
a=0.04 fm, P,=2.42 GeV, u=3.2 GeV B x-space
- JAM
— ASV
xFitter
-o- FNAL

0.2 0.4 0.6

Better agreement with experimental fits for 0.1<x<0.5 compared
to our previous analysis using OPE in coordinate space.
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Conclusion

® We have implemented the hybrid scheme renormalization and
NNLO matching correction to obtain the the pion valence PDF;

® The Wilson-line mass renormalization can be well determined
from lattice and matched to the MSbar scheme by using the
NNLO OPE formula with renormalon-inspired model;

® Compared to the hybrid-scheme matching, the ratio-scheme
matching shows excellent perturbative convergence;

® QOur final results with ratio scheme show better agreement
with phenomenology for 0.1<x<0.5 compared to previous
calculations with same lattice data.
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