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Recap of ERA’s talk




Spin decomposition, pQCD, 27 threshold

—tD(t) = 4 [4m3, (22 - A(t)) —tB(t)]  Raman: 3" — —L[g" — ¢"¢"/¢’]

LO pQCD —t — oo: —tD(t) ~ —% Feng Yuan's talk

27 threshold: Im D(t) ~ —\/t —4m2  — S-wave dominates [Feng-Kun Guo's talk]

—tDr(t) = 1 [20:(t) — (4m2 — t) Ar(t)]

LO pQCD —t — co: —tD(t) ~ =167 f2a(t) — very weak

27 threshold: Im D, (t) ~ —\/t — 4m2
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Fit to the MIT lattice data — NV

Distribution of mass
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Fit to the MIT lattice data — 7
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my, = 1.275 MeV, m, = 0.64(2) GeV
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MIT data for —tD(t)

Recall p and s are ~ Fourier-Bessel transforms of g% D(—¢?)
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MIT data for N
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Transverse densities

Transverse density form factor F":

dqu _ib- 1
F(b) /(271')26 quF(quL) = %/QL quJO(bQL)F(fqi% F:A,B,G,D

With the dispersion relation

1 [~  ImF
Fegt) =3 [ a2
4m?2 S+qL

yields [Miller, Strikman, Weiss 2011]

1 oo
F@) = —/ dsKo(by/s) Im F(s)
2m2 4m?2
For the case of J we take the front form def. s*J(b) = (J§, (b)) [Lorcé, Mantovani, Pasquini 2017]:
Iy = > / sv/EE (by/3) Imi I (5)
42 4m?2
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Nucleon




Transverse pressure and stress

[Panteleeva, Polyakov 2021]

- - bipdi 1 .. 1 d? b .
7i0) = 37000 + (G = 597 ) s(0) = o [ G ]~ byt )D(- )

" dmy (2m)2
p(b) = — ! /Oo g1 dqiJo(qib)gi D(—¢3), s(b) =— ! /Oo q1 dq1 J2(q1b)g3 D(—¢%)
16mmy Jo 0 - o 8tmy Jo = -

Jo(2) =1 —2%/4+ ... — near the origin p(b) > 0 and concave if D(—¢?) < 0.
Similarly, Jo(z) = 2%/8 + ... — vanishing and convex s(b) at b =0
The spectral representation:

p(b) = m/:o dsKo(by/s)sIm D(s), s(b) = ;/400 dsKy(by/s)sIm D(s)

T ]2
m2 8mimpy m2
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Meson /glueball dominance model (see ERA)

_ 1-— CAt =+ 62t2
A = Tt U= t/m (1 — /w2 ) (1 = )
_ 1 —CJt+02t2
T = @t ma )i /2 )1~ t/m2, )1~ t/ni2,,)
~  B(t)= (cs — ca)t

(U= t/m3) (U= t/m2 ) (1= t/m2,) (1 — t/m2,)

In the scalar channel
mN

(1 —t/m3)(1 —t/m3 )’

o(t) =

I: my, =0.98,myp, =1.275,m s =1.517, my =1.936, m s =2.011[GeV]
ca=0.47(4)GeV >, ¢;=0.69(5)GeV >, ¢2=0.10(4)GeV ™ * my =0.64(4)GeV

II: my, =0.98, mg, =1.275,my; =1.430, m gy =1.517, m gy =1.565[GeV]
ca=0.83(6)GeV 2, c;=1.12(7)GeV 2, ¢2=0.25(5)GeV ™%, m, =0.64(4)GeV
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Transverse densities and mechanical in meson dominance
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27h x densities/mechanical
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27bh® X mechanical
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quantities integrate to D(0) = —3.0(4)
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Anatomy of pressure
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277 repulsion in the core, 0T repulsion in the tail [cf. Ji, Yang 2025, Fujii, Kawaguchi, Tanaka 2025]

In meson dominance it simply reflects the hierarchy of masses
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Transverse radii

5T 2mb b F(b) 4 dF(t)

®%)r = [ZorbF(b) — F(0) dt

t=0

In our model

1 1 1 1
<b2>A =4|—ca+—F5+—F5+—75 +—5— | =[034(1) fm]2
m%,  mi,  omi,  mi,
2 2 2

ca approximately cancels the contribution 1/m?¢g + 1/m§é”
(be =4 IEEIN S [0.60(3) fm]?
- mZ - mj, e

I 2mbb?[p(b) + 5s(b)]  4D(0)
Jo~2mblp(d) + 55(0)]  [g d(=t)D(t)

(6" mech = = [0.48(3) fm]?

Hierarchy reflects the meson mass pattern
(b*)a < (0*)meen < (b)o
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Rotational velocity profile

Taking the classical analogy J =r x p=mr x v,
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v(b) grows linearly at low b — no vortex singularity
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Sum rules for mechanical properties near the origin (general)

1 oo
F(b) = ﬁ/ dS[(O(b\/g)IIIIF‘(S)7 F:A,B,@,D
4'm$r
At low b: Ko(by/s) ~ — 3 log(b®s) + const, but the superconvergence sum rule (see ERA, also [WB, ERA 2024,
ERA, Sanchez Puertas, Weiss 2025]]) [, dssIm F(s) = 0 cancels the logb and constant terms —

b = 0 sum rules

1 oo
4z [,

Fb=0)= dslog s Im F'(s)

2
m‘l\'

b2 oo
J(b):—ﬁ/4 . ds slog s Tm J(s) + O(b" log b)

1 oo
=0)=—-——— It Im D
p(b=0) Py EC—— ~/4m$, ds slog s Im D(s)

ds(b?)
db?

! / ds s> log s Im D(s)
4

- 64m2my

b=0 m2

No singularities (for V), all parts of the spectrum contribute — uncertainty
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Large-b asymptotics

Follows from the behavior at the 27 threshold [Cao, Guo, Li, Yao 2024] (ERA)

Flb) = — /4 " dsKo(b/5) Tm F(s)

T 52
2 mi

> 2\J 3 b\ E 1
/4 dsKo(by/s)(s — 4m2)7T1/2 = 227431 (J + ) () Kyyg(2bme) ~ o7

m2 2 zs

—2m,b

€

valid for b>> 1/m,

A(b),B(b) ~ e Zmeb/pt
Jb) ~ +e e /p?
O(b), —p(b),s(b) ~ e =0 /b?
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How close to the origin can we go?
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e.g., for b =1 fm, we need the spectral density up to s/2 ~ 1.1 GeV
(cf. a detailed analysis for the EM case in [ERA, Sanchez-Puertas, Weiss 2025])
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2D < 3D

For N — Abel transform [Panteleeva, Polyakov 2021, Freese, Miller 2021], for 7 3D makes no sense

Radii hierarchy

V2 < (P < PV < (002 < (PP
0.51(1) < 0.57(3) < 0.67(2) < 0.72(5) < 0.90(4)][fm]

b = 0 sum rules

F(r=0)= 1 /00 ds+/sIm F(s)

T A2
Am 4m$r
2

mon 2 uad T
J (7”) = _g‘]q d(r) = 3672

/ ds s*/?Im J(s) + O(r®) [Lorce et al. 2017
4m?‘,

1 oo 3/2
=0)=-—— [ dss**ImD
p(r =0) Y ECm— Am% 55”7 Im D(s)

ds(r) 1 /oo 5/2
= d Im D
dr? | _, 2407m2mn J,,.2 557" Im D(s)

4
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Large-r asymptotics

1 [ etV

F(r) = ] - ds " Im F(s) —
oo e—b\/E . 1 3 m\ J+2 1
_ +1/2 _ 2744 o\ (m Lt —omar
[lm2 ds . (s —4m?2) = ﬁ2 r (J + 2> ( " ) Kji2(2mr) AEYA

E

valid for r > 1/m

A(r),B(r) ~ e 2mar/p/2
J(T‘) ~ +e—2m,rr/7,7/2
O(r), —p(r),s(r) ~ e /rd/2

Different from 1/7% in the Chiral Soliton [Bochum 2007] or Skyrmion [Cebulla et al. 2007] at m, = 0,
or [Alharazin, Djukanovic, Gegelia, Polyakov 2020]
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Limits of transverse densities

Details to appear in Memorial Vol. of APPB for D. Diakonov, V. Petrov, and M. Polyakov
2412.00848 [hep-ph]
pQCD: singularities at b =0

A(-Q?) ~ 48”f’%5‘2<_Q2) -5 Qﬁﬁ?;{% 7~ A0 = 49;;  lnn < bip) [ef. Miller 2009]
O(-@%) = i@ f2 =~ L o o) = -
T A = mE A=) | 2 ({8881;28 " oubmw)?])
0(6) = m2ie(s=am) S ({g;;ggg; + oubmw)?])

O(b) must change sign, A(b) positive definite
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Spectral modeling

Spectral modeling of Im A(s) and Im ©(s):

Im f(s) = Im fx(s)O(Af< — ) +1Im fr(s) +Im f,(s)0(s — Aﬁ) J

Two resonances per channel: Im fr(s) = ¢16(s — M2) + c26(s — M2)

Negative strength of the second resonance needed to satisfy the superconvergence sum rules
JdsImA(s) =0and [dsImO(s) =0
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Pressure
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Summary tables




quantity  low limit intermediate range  high limit

ImA(s) + 27 changes sign - pQCD
ImD(s) - changes sign +

ImO(s) + changes sign -

A(-Q?* 1 sym. + pQCD
D(-Q%) —1+0(m2) -

0(-Q?* 2m2 changes sign -

A(b) +0o0 pQCD  positive definite + 27
o(b) —00 changes sign +

p(b) +00 changes sign -
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Nucleon

quantity  low limit intermediate range  high limit

ImA(s) + 2w changes sign + pQCD
ImJ(s) + changes sign +

ImB(s) + changes sign +

ImD(s) - changes sign +

ImO(s) + changes sign —

A(-Q?%) 1 sym. + pQCD
J(-Q%) 3 +

B(-@Q*) 0 -

D(-@Q?) -

0(-Q? my changes sign —

A(b) + positive definite + 27
o(b) +

p(b) changes sign -
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