Distribution of glue in the pion

Lei Chang (% 5)

leichang@nankai.edu.cn

Nankai University

Regarding the distribution of glue in the pion
Lei Chang (Nankai U.), Craig D Roberts (Nanjing U.) (Jun 15, 2021)
Published in: Chin.Phyvs.Lett. 38 (2021) 8, 081101 « e-Print: 2106.08451 [hep-ph] &

Perceiving the EHM through AMBE RS
2021/09/28, online iSRS L



PRI 4

Nankai University

Gluon |

PHYSICAL REVIEW ' VOLUME 125, NUMBER 1 JANUARY 1, 1962 .
* Schwinger
Gauge Invariance and Mass 1962

JULIAN SCHWINGER
Harvard University, Cambridge, M assachusetts, and University of California, Los Angeles, California

(Received July 20, 1961)

It is argued that the gauge invariance of a vector field does not necessarily imply zero mass for an associ-
ated particle if the current vector coupling is sufficiently strong. This situation may permit a deeper under-
standing of nucleonic charge conservation as a manifestation of a gauge invariance, without the obvious
conflict with experience that a massless particle entails.

Gluons are the most exotic gauge
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Pl running coupling of QCD
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* Compares well wiith world dat for Bjorken sumrule charge

e Saturates in the infrared region.
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A YmT
a(kz) = 1 |:IC2(k2):| ) IC2(y) =
n

Define a screening mass:

me = K(k* = Ajcp) = 0.331GeV

The running coupling alters at mg so that
modes with k?’<m? are screened from
interactions and theory enters a practically
conformal domain.

Transition
-~

Quantities of Interest
Propagators, Vertex Form Factors
Elastic and Transition Form Factors of Hadrons
!

Non Perturbative = wﬁve
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Quark Mass----Minding the quark-gluon vertex “z :%i" El Ak =
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* Truncate quark-gluon vertex with DCSB-improvement
D

) ansatz;
® ® * Performing the interaction from lattice QCD;
U S r * Ward identity hold...guarantee proper current quark

mass evolution;

.D.R PRL103(2 1601, PRC85(2012)052201; :
LC, and C.D.Roberts, PRL103(2009)081601, PRC85(2012)052201; ACM generate quark mass and trigger DCSB.

D. Binosi, et al., PLB742(20015) 183
Sixue Qin, C.D.Roberts, arXiv: 2009.13637
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%} - DSEs meeting |QCD!
- LR A 0 1 .
N E; . Current quark mass evolution of MASS Pe rspect|ve Of DCSB
a. ©ne parameter! _ .
= 0.1; W, 2 i ® . . Mass scale introduced by Pl coupling
() - * A .
©) 3 > * 2 A ‘
— . x Trigger quark mass
= 2 . f
= o 57.8 MeV ,
001l & 385 sz . DCSB enhance quark-gluon coupling
[ * 19.3MeV N
+ 2.1 MeV .
0 ’ > 3 4 5 Linking continuum and lattice quark mass functions via
k [GeV] an effective charge

Lei Chang (NKU) arXiv: 2105.06596, see Khepani’s talk 3/15



“Constituent” quarks
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* In the chiral limit, the perturbative massless quark
obtain a large infrared mass through the interactions of

* DG
* * DS

57.8 MeV
38.5 MeV
19.3 MeV

2.1 MeV

gluon;

* Mo is about m,/3 and runs as a logarithm-corrected 1/k?
power-law in the ultraviolet region;

* The strong interaction of a quark with its (gluon)

&

A z > 3 ] surrounding gives rise to a “constituent” quark with
* A i effective mass My;

* . I This consistuent quark has the finite size(B. Povh and J.
+ Hufner, PLB245(1990)653);

Dressed-Quark Anomalous Magnetic Moments

TR Lei Chang, Yu-Xin Liu, and Craig D. Roberts
Phys. Rev. Lett. 106, 072001 (2011) - Published 16 February 2011
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Measure Quark

Maris, Roberts and Tandy, Phys. Lett. B420(1998) 267-273

» Pion’s Bethe-Salpeter amplitude Solution of the Bethe-Salpeter equation

Lok P) = 7% {iEw(k: P) 4+~ . PF.(k; P)
+7-kk-PGg(k; P) + 0y kP He(k: p)}

» Dressed-quark propagator S(p) 1
S(p) = , :
! iy p A(pz) + B(p?)

» Axial-vector Ward-Takahashi identity entails(chiral limit)

,d*B(k?)
d?k?

+ ...

frE(k; P|P? =0) = B(k*) |+ (k - P)

* |

|
2M+U=0 Ty = Ty
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* The gluon has been hidden in the constituent quarks;
* At hadronic scale, the pion is constructed by two constituent quarks which are overlapped largely;
* Let gluon show up!

/k' GENESIS 1. The beginning
J In the beginning God created quarks,

K ] And made them interact through the strong forces,
7 4q And it was dark ...

And God said, “I do not understand a damn thing”,

p % X And so he said “Let there be photons”,

And there was light ...
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Probing glue z A K B

Nankai University

* The gluon has been hidden in the constituent quarks;
* At hadronic scale, the pion is constructed by two constituent quarks which are overlapped largely;
* Let gluon show up!

One-loop DGLAP with the effective charge

NS 2 ~01.2 TmT
8(] — G‘S(ﬂ ) P.® qNS Oé(k‘ ) —_ >/ 1.2 3
0 1n p2 2 7 ’ In K2 (k2)
A2
QCD

K2(y) = BT Oy Y
0 q° as(p?) Py, 2ny Py, q° bo+y
d1n 2 T2 P P ® !
nu g 0 9q 99 ) with {ao, a1, bo} = {0.104(1),0.0975,0.121(1)}

The sea quarks can arise from gluon splitting, xS(x) is expected to follow the trend of xg(x).
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The scale dependence of momentum fractions

Pure valence(no 1, Valence quarks carry all the momentum
gluon no sea) at 2, the scale dependence of momentum
hadronic scale ) fractions does not depend on the details of
picture ) @ valence distribution at hadronic scale

3, a closed equation can be derived

t(Cex)

3 4 . S (CH,Cex) = dt(¢) a(t(¢
<x(Cex)>sea =5 T _<2x(<ex)>g/4 o <2x(Cex)>q7 ity ¢ ) /t(CH) (©)atc)

Z 7 and ¢(C) = In (C*/A2 op).
(@(Cen) e = = (1= (22(Ce))E/*) -
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Momentum evolution(valence quarks and
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|QCD(arXiv:2109.10692)
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lQCD(arXiv:2010.03495)
ETM2020
-

JAM202
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JAM2018(DY)

|IQCD: ETM Collaboration
e Just valence

1+ Valence+glue+sea(mom

entum 1.2...need more
consideration)

1 JAM: 2018->2021

1 Varius thrreshold
resummation move 5% of
the momentum from the
valence quark to the

0.5 1.0 1.5

\./]

2.0

gluon.

[GeV]

VN
~

Lei Chang (NKU)

9/15



Fete b %
Valence parton distribution of pion at the hadronic scale “z,_s ,J@‘ SIS
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* Valence DF(x) is symmetric function under x = 1 — x(isospin symmetry)
* The screening of interaction below the hadronic scale indicates the valence DF is flat on the middle ofg domain
* The QCD interaction in the ultraviolet region 1/k? guarantee (1-x)Pet@>2 behavior near the endpoints

0.2 0.4 0.6 0.8 1.0
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Valence parton distribution of pion at the hadronic scale ?ﬁ EiNES %7
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We evaluated the BSE at the hadronic scale with DB improved kernel Minghui Ding, et al., arXiv:1912.07529

Project the wave function on the light front Zhu-Fang Cui, et al., arXiv:2006.14075
* DF of valence parton is - v v ' ' ' v v v v

broad... 2.0

the infrared
interaction behavior,
constituent quark picture
e At hadronic scale,
DF(x) sim DA(x)?

* (1-x)? near the
endpoints which is
the natural output of
interacion 1/k?2

The exponent would
increase with
increasing of scale
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PHYSICAL REVIEW LETTERS 120, 182001 (2018)
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PHYSICAL REVIEW LETTERS 122, 172001 (2019)
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PHYSICAL REVIEW LET'TERS 124, 042002 (2020)
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Global Fit(JAM2021, arXiv:2108.05822, u, = 1.27GeV)

Qv

1 I

0.01 .. 01 0305 07 09

» JAM2018: For the valence PDF in the large-x region, our
analysis find a behavior (1-x) at the input scale.

» JAM2021(resummation): This suggests that with currently
available data and theoretical methods, we cannot
distinguish between 1 and 2 asymptotic behavior.
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DFs in the pion: JAM and CSM “z 7‘5 3 A =
7510 Nankai University
0.4 Qv | g/10
= 02
0l  _4® A\
~0.01 x 0103050709 001 x 0.1 0.3 05 0.7 0.9
0.5
D * Evolute DF from my hadronic scale to py=1.27GeV
= e The valence distributionis comparable on the entire x region for
3 02 some resummation methods.
E:’o,z * Regarding the glue DF, our predition agrees on x = 0.05; but
8 P .S they are markedly different on the complementary domain.
A >N * These observations highlight the need for new experiments that
N are directly sensitive to the pion’s gluon content.
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DFs in the pion: IQCD and CSM
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0.5/ N (Using lattice-calculated matrix element
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0 4 “3?;;{\ current correlations in coordinate space)
—~ Y SN * Glue[Lat] Fanetal., arXiv: 2104.06372
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Thanks for your attention
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