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NONPERTURBATIVE QCD AND HADRON PHYSICS
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« Characterize the matrix elements of energy momentum tensor (EMT)
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2 5 =~ 2P.PAQ)+ % (QuQy — @*3) D(Q®) + 2m25,,8(Q%)

 graviton*

« Mass, spin and mechanical properties

Forces inside hadrons: pressure, surface tension, mechanical radius, and all that

NP NP

Maxim V. Polyakov (St. Petersburg, INP and Ruhr U., Bochum), Peter Schweitzer (Connecticut U.) (May 17, 2018)
Published in: Int.J.Mod.Phys.A 33 (2018) 26, 1830025 « e-Print: 1805.06596 [hep-ph] 1
a a 2 Ma
pdf (@ DOI  [4 cite FQ reference search %) 452 citations / dlay i H (3:} g: t) = A (t) = & 5 1} (t) .
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« EMT conservation - =
« Translation invariance — A(0)=1

« D-term defined as = IaSt u n knOWn

1.602176487(40) x 10~1°C

em: 9,J4, =0 (N'|JELIN) — Q =

= AR global property!!!

weak: PCAC (N'|JE. L IN) — ga = 1.2694(28) gspt
gp = 8.06(55)

gravity: 0,Tt%, =0 (N'|Tt4 |N) — m = 938.272013(23) MeV/c?
J =1
D=7 . ; . .
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THE D-TERM
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known constraints from soft pion theorem

D=-1

for Nambu-Goldstone boson in the chiral limit

another constraints?

D

1/3

for a non-free point-like scalar particle

Energy-momentum tensor in o* theory at one loop
Brean Maynard (Connecticut U.) (Jun 13, 2024)
Published in: Phys.Rev.D 111 (2025) 7, 076001 « e-Print: 2406.08857 [hep-ph]

- independent to the coupling strength
even if it's infinitesimally small

« It may potentially be a general result

A companion work in @° theory confirms this result in scalar theories.
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QCD green functions current correlation functions
Quark propagator: Gluon propagator: insertion of one current
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Ghost-gluon vertex:

N g
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Quark-gluon vertex:

ArXiv:0909.0703

insertion of two external currents
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LEADING TRUNCATION

rainbow ladder truncation
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CONTACT INTERACTION

gluon propagator

o . (Q)/n

0.8

0.6

. — HLFQCD
0.4 Bjorken sum rule
------ GDH limit
O o, /m Hall A/CLAS (2004)
A a,,/m CLAS EG1b (2008)
02-0 o,/ JLab RSS (2008)
v Gg]/ﬂ: CLAS EGldvcs (2014)
] aglln CLAS EG4 (2022)
* agll'n: Hall A/EG4 (2022)

?ﬁ;ﬂﬁ

¥ e . M -
! MNankai University

lln CERN COMPASS
l/Jfl: DESY HERMES
1/n: SLAC E142/E143
1/.711 SLAC E154/E155
Olpq/T
a, /n: CERN SMC

&) o™ OPAL

regularization of irreducible loop integrals

Yue-Liang Wu, Int.J.Mod.Phys.A 18 (2003) 5363-5420
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symmetry preserving——First time!!

Phys.Rev.D 107 (2023), 014019

consistent conditions that automatically preserves Ward-
Green-Takahashi Identities(WGTIs)

iP, T (Pk) = S, ' (kp)iys +i¥5S;, ' (k=) — i(mq +my) T2 (P k)
iR, T2 (P k)=

57 (ke) = S (k) — (ma — mp) T (P, k)
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CONTACT INTERACTION INTERPRETAT ION
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quark state
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v

IAS
+

DFF =1

Zanbin Xing (NKU) Gravitational form factors of pseudoscalar mesons in a contact interaction 8



RESULTS: FORM FACTORS
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RESULTS: D-TERM
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1.0f ® 1. -D decrease with increasing mass
0 8 ¢ 2. Pseudo scalar D term within the range:
o | PS
= 0.6} " I D"~ e (-1,-1/3)
| L
: & - /
O A 1/3 massless infinite mass
0.2}
. . . Basis light front quantization for charmonia
T Ns Ne Np Phys.Rev.D 109 (2024) 11, 114024
W DP> ~ =5 ?
D™ =-0.989 , D" = —0.871, -
D" = —0.576(3) , D™ = —0.445(13). limited results for heavy quarkonia D-term
not easy to explain
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SUMMARY A a
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® The generalized quark correlator is described in a consistent manner, the soft pion theorem is well
reproduced after considering the scalar pole contribution.

® The symmetry preserving framework also provides reliable supports to the gravitational form factors
of heavy quarkonia. And the quarkonia tends to behave like a point-like particle with increasing mass.

® Two possible limit and one confirmed tension for the D-term:

PS - ( 1 _
D e(/l, 1/<) vs

massless infinite mass

DPS o —5

We are trying and welcome collegues to clarify the situation!

Thank you!
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REGULARIZATION
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Irreducible loop integrals (Wu)
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Symmetry preserving contact interaction treatment of the kaon

Zanbin Xing and Lei Chang

Phys. Rev. D 107, 014019 (2023) - Published 19 January 2023
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n-n AMPLITUDE IN CI

: + Solve 7 (P4, P,)!

l 1 l 5 l ZF(PI:PQ) =y Fo (P, Ps) — Ag/'YQS(ql)EF(Pl,Pg)S(QQ)'ya ,
q

where the inhomogeneous term is

&
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Solve F(k,Py,P))? " {1 i

M M
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n-n AMPLITUDE IN CI

Pole structure: Solve ZF(PL Pz)!

Vaccum polarization of corresponding mesons

b (Z?)
Z2 1 o
WO TALE A= SeiSe), SF(PLP) <SP (P1, Po) = 8, [ 20S(@)ET (P P)S(a2)a
) (ZQ) b2(Z2) 2 K“Ky LT . T h gt -'-‘]
14 Ay £, (22) flZ%) = o tr i S(q1)iv, S(q2),  where the inhomogeneous term is

5P (P, Py) = —A, / e S(q1) Fo(q, Pr, Po)S(q2) Ve
q

Inhomogeneous term:

1
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q
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n-n AMPLITUDE IN CI

Some comments about ZF (P4, P,):

- * Dirac structure:
» Probe selection, e.g. the bare photon probe
l ; l i l will interact only with iy - K so that the EM
F(k,P,, Py) = Fy(k, P, Py) + 25 (P, P) form factor only contains vector pole.

Dressing function:
* A, exhibits scalar and vector meson pole
F b 2 2 2 2 s/v
NeX™ (P, Py) FS (Z27)As(Z +. Fen(Z7)A0(27) and can be viewed as the corresponding
effective meson propagator (up to Lorentz

where A, and A, are given by structure), respectively.

gg(z'?) e - 1 A 4 T 1 N . Fs/em is the pion scalar and vector form
Ag™ + fs(Z?) I— factor, except that the dressed detector is

AN(Z?) = — 1 . Ty — v replaced with the bare one.

\_ Ay +fv(22)/ \_ )
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