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The strong coupling a,

a, 1s the most important quantity of QCD.

Well understood at high energy where it 1s small: a,~0.1 = pQCD.

Very active research to understand o, at low energy where it 1s large:a, ~1.

Outline:

ea, in pQCD.
eExtension to non-perturbative QCD.
eExperimental determination of the coupling (perturbative + non-perturbative domains).

SHLFQCD calculation. Comparison with data and other predictions.
eApplication: determination of the hadron spectrum using o, and HLFQCD.
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Figure adapted from Particle Data Group, 2020.
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I o, 18 not constant due to loops in

gluon propagator, fermion self-

1{ energy, and vertex corrections:

PN
7

it

o

Sy ' At first order, propagator o< 1/Q)?
=51 force o< 1/r2,
1 = 0,(Q?): Quantum effects that

make the force to depart from 1/r2

Q [GeV] are folded into the coupling constant.
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I o, 18 not constant due to loops in

gluon propagator, fermion self-

1{ energy, and vertex corrections:

PN
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| o, becomes small at large Q2:

L .;. 'E.'-."" AsymptOtIC freedOm
] PQCD applicable = 0,(Q?) 1s

well defined there.

Q [GeV] Large Q2 determinations agree
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I o, 18 not constant due to loops in

gluon propagator, fermion self-

1{ energy, and vertex corrections:

o

Loops 1n perturbative
expansion = renormalization

needed.

Here, o, 1s in MS scheme (most

common choice. o, 1s gauge-independent
in this scheme)
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The strong coupling o, at short distances (large Q?)
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0,,(Q?)=1(Q?*/ A%y p) = needs non-
perturbative methods (e.g., lattice

QCD) or data for an absolute

determination of o (Q?), even 1n
pQCD domain.
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The strong coupling o, at short distances (large Q?)
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1 0 (Q?)=f(Q?/A%ycp) => needs non-
1 perturbative methods (e.g., lattice

QCD) or data for an absolute
1 determination of a(Q?), even 1n

1 pQCD domain.

1 Ex: Bjorken sum rule:
| (g )dx =g (1- 22-3.58(=)2-..)

gP1(Q2,x), g"(Q2,x): proton &
neutron longitudinal spin
structure functions.

x: Bjorken-x
g . nucleon axial charge (well

known).

After scheme-independent LO term, pQCD series 1s expressed 1n a particular
renormalization scheme. = o also in that scheme.
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The strong coupling o, at short distances (large Q?)
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1 At Q% =1GeV2, pQCD cannot be
jused to define ag: 1f pQCD 1s

| trusted, o;—00 when Q—Aqcp.

1 Contradicts the perturbative
1 hypothesis: inconsistency (leads
] to unphysical results).
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1 At Q% =1GeV2, pQCD cannot be
jused to define ag: 1f pQCD 1s

| trusted, o;—00 when Q—Aqcp.

1 Contradicts the perturbative
1 hypothesis.

Definition and computation
of a at low Q2?
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o, at long distance (low Q?2)

Prescription: Define an effective coupling from an observable’s perturbative
series truncated to first order in a

$* G. Grunberg, PLB B95 70 (1980); PRD 29 2315 (1984); PRD 40 680(1989).

This definition 1s 1n analogy to a, QED’s coupling definition (Gell-Mann Low
coupling).

Proposed for pQCD. Can be extended to non-perturbative QCD.
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o, at long distance (low Q?)

Prescription: Define an effective coupling from an observable’s perturbative
series truncated to first order in a..

S G. Grunberg, PLB B95 70 (1980); PRD 29 2315 (1984); PRD 40 680(1989).

Ex: Bjorken sum rule:

lgpr-gnx AT =gy (1- 3 35822 + g [as(o,) 4 D0, T+

/ Higher Twists: 1/Q2n

Nucleon axial : ,
pQCD corrections cotrections.

Charge' (gluon bremsstrahlung) Non-perturbative quantities. Express

correlations between parton
distributions and confinement forces.

= F p-n —% A(l__
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o, at long distance (low Q?2)

Prescription: Define an effective coupling from an observable’s perturbative
series truncated to first order in a..

S G. Grunberg, PLB B95 70 (1980); PRD 29 2315 (1984); PRD 40 680(1989).

Ex: Bjorken sum rule:

I(gp)-gn)dx 2T pn=—- 6 ga(1- 2 -3. 58( )2-..) + 50n 502 5 [a,(0,)+4d (0,46 (0 1+

/ Higher Twists: 1/Q2n

Nucleon axial : ,
pQCD corrections corrections.

charge. (gluon bremsstrahlung) Non-perturbative quantities. Express

correlations between parton
distributions and confinement forces.

= | [',pn& (1-—

This means that additional short distance effects, and long distance confinement
force and parton distribution correlations are now folded into the definition of a..

Analogous to original coupling constant becoming an effective coupling when
short distance quantum loops are folded into 1ts definition.
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o, at long distance (low Q?2)

The effective coupling 1s back to be an observable.
=>eExtractable at any Q?Z;

°Free of divergence;
sRenormalization scheme independent.
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o, at long distance (low Q?2)

The effective coupling 1s back to be an observable.
=>eExtractable at any Q?Z;

°Free of divergence;
sRenormalization scheme independent.

But 1t 18
@ Process dependent.

=>There 1s a priori a different o for each different process.

However these o, can be related (Commensurate Scale Relations).

S. J. Brodsky & H. J. Lu, PrD 51 3652 (1995)

S. J. Brodsky, G. T. Gabadadze, A. L. Kataev, H. J. Lu, PLB 372 133 (199)
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o, at long distance (low Q?2)

The effective coupling 1s back to be an observable.
=>eExtractable at any Q?Z;

°Free of divergence;
sRenormalization scheme independent.

But 1t 18
@ Process dependent.

=>There 1s a priori a different o for each different process.

However these o, can be related (Commensurate Scale Relations).
S. J. Brodsky & H. J. Lu, PrD 51 3652 (1995)
S. J. Brodsky, G. T. Gabadadze, A. L. Kataev, H. J. Lu, PLB 372 133 (199)

= pQCD retains 1t predictive power.
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o, at long distance (low Q?2)

The effective coupling 1s back to be an observable.
=>eExtractable at any Q?Z;

°Free of divergence;

sRenormalization scheme independent.

But 1t 18
@ Process dependent.

=>There 1s a priori a different o for each different process.

However these o, can be related (Commensurate Scale Relations).
S. J. Brodsky & H. J. Lu, PRD 51 3652 (1995)
S. J. Brodsky, G. T. Gabadadze, A. L. Kataev, H. J. Lu, PLB 372 133 (199)

= pQCD retains 1t predictive power.

Such definition of a, using a particular process 1s equivalent to a particular choice

of renormalization scheme.
(process dependence) < (scheme dependence)

o, = 0 1n the “g1 scheme”.
Relations between g1 scheme and other schemes are known 1n pQCD domain, e.g.
Ny = 2.10A55= 1.48 Ao = 1.92A = 0.84A..
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o, at long distance (low Q?2)

Advantages of extracting o, from the Bjorken Sum Rule:

sBjorken sum rule: simple perturbative series.
sData exist at low, intermediate, and high Q2.

sRigorous Sum Rules dictate the behavior of a,,; in the unmeasured Q>—0 and
Q2 —o0 regions.

=We can obtain o, at any Q2.
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0, from the Bjorken Sum data

% pOCD leading twist
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0, from the Bjorken Sum data

Bjorken sum I' ;P2 measurements
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N chl/n CERN COMPASS

ocgl/n DESY HERMES
ocgl/n SLAC E142/E143
Otgl/ﬂi SLAC E154/E155
Olpy/TC

agl/n CERN SMC

Gy /T OPAL

04 — Bjorken sum rule
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02O ay/mILab RSS (2008) i
-V a,/nCLAS EGldves (2014) 1
- @ o, /m CLAS EG4 (2022)
- %, /m Hall A/EG4 (2022)
0" ! !
10

Q (GeV)

20

A.Deur 09/22/22 Light-Cone 2022




Low Q2 limit

At Q2= 0, a sum rule related to the

Bjorken sum rule exists: the Gerasimov-
Drell-Hearn (GDH) sum rule:

At Q2= 0, GDH sum rule:

w202
r=2
SM2

“Nucleon

anomalous mass

magnetic moment

= Q2= (0 constraints:

Oy =T
dQz  4g, = M2 M,?2
Q=0

o

=
~~
- 1
o
| —
)

*+ @ 4« O [

Bjorken sum rule
GDH limit
a,,,/m Hall A/CLAS (2004)
a,/m CLAS EG1b (2008)
o, /T JLab RSS (2008)
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a,,/m CLAS EG4 (2022)
QL /7T Hall A/EG4 (2022)

I
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o g1(1;)/“ OPAL

1
~
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Low Q2 limit

e

At Q2= 0, a sum rule related to the o ! 652 _____ aty,/ CERN COMPASS

Bjorken sum rule exists: the Gerasimov- =, | o ¢ o,/ DESY HERMES

Drell-Hearn (GDH) sum rule: © a,/m SLAC E142/E143
oy, /m SLAC E154/E155

At Q2= 0, GDH sum rule: Ot/ T8
at,,/m CERN SMC

= k2Q 0,/ OPAL
b /8Mm2
“Nucleon
anomalous mass

magnetic moment

Bjorken sum rule

= Q2=0constraints: 1z 12 ~n/ 7 GDH limit
3.66 3.20 O o,/ Hall AICLAS (2004)
/ o, /m CLAS EG1b (2008)

Otgl/J'l? JLab RSS (2008)

I

K
NN
|
=
\\
—
* @ 40D [

a,,/m CLAS EGldves (2014) T
N a,,/m CLAS EG4 (2022)
dog, 37 ( K n2 K p? ) o, /m Hall A/EG4 (2022) [
T - | | | | | | | | ‘ | |
dQz  4gy " M2 M2 0 ]

Q (GeV)
First experimental evidence of nearly conformal behavior (i.e. no Q?-dependence) of QCD at low Q2.
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Large Q2 limit
I(gpl—gnl)dx érlp-n_ gA(l'als -3. SS(QMS )2-...) 2ga(1- —)

@ R L2 sk B o, /m CERN COMPASS
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I e
06 — | -
| yi
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0 | | | | | ‘
10! ]

= We know a,,; at any Q2. Q (GeV)
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QCD 1s conformal
at low Q2.

Low Q2 limit

oty Q)

06 —

04 —

0.2

|
* @ 4« O 101

Bjorken sum rule

GDH limit

a,,,/m Hall A/CLAS (2004)
a,/m CLAS EG1b (2008)
o, /T JLab RSS (2008)

(xgl/n CLAS EGldvcs (2014)
a,,/m CLAS EG4 (2022)

QL /7T Hall A/EG4 (2022)

] chl/n CERN COMPASS

O(gl/TlS DESY HERMES
ocgl/n SLAC E142/E143
ocgl/:rc SLAC E154/E155
O(F3/JIZ

ocgl/n CERN SMC

o gl(r)/n OPAL

———

1
~

Q (GeV)

= One can use AdS/CFT correspondence to study non-perturbative QCD.
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The Light-Front holography approximation (HLFQCD)

Review: Brodsky, de Teramond, Dosch, Erlich, Phys. Rep. 05 (2015) 001. arXiv:1407.8131
e[i1ght-front QCD: Rigorous and exact formulation of non-perturbative QCD. Yields a

relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.
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http://arxiv.org/find/hep-ph/1/au:+Brodsky_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Teramond_G/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Dosch_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Erlich_J/0/1/0/all/0/1

The Light-Front holography approximation (HLFQCD)

Review: Brodsky, de Teramond, Dosch, Erlich, Phys. Rep. 05 (2015) 001. arXiv:1407.8131
e[i1ght-front QCD: Rigorous and exact formulation of non-perturbative QCD. Yields a

relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.

ePractical (3+1)D calculations: use correspondence between gravity in AdSs space
and QCD on the light-front Brodsky, de Téramond, PRL 96, 201601 (2006), PRL 102, 081601 (2009)
HLFQCD: semi-classical model for QCD (no short-distance quantum fluctuations)
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The Light-Front holography approximation (HLFQCD)

Review: Brodsky, de Teramond, Dosch, Erlich, Phys. Rep. 05 (2015) 001. arXiv:1407.8131
e[i1ght-front QCD: Rigorous and exact formulation of non-perturbative QCD. Yields a

relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.

ePractical (3+1)D calculations: use correspondence between gravity in AdSs space
and QCD on the light-front Brodsky, de Téramond, PRL 96, 201601 (2006), PRL 102, 081601 (2009)
HLFQCDZ semi-classical model for QCD (no short-distance quantum fluctuations)

*QCD conformal = only one possible LF confining potential: harmonic oscillator
Brodsky, de Téramond, Dosch, PLB 729, 3 (2014)

eHarmonic oscillator on light front = linear potential for static quarks in usual instant form.
Trawinski, Glazek, Brodsky, G. F. de Téramond and Dosch, PRD 90, 074017 (2014)

eSuperconformal algebra, which accounts for the meson-baryon symmetric mass
spectrum (“hadronic supersymmetry’’) leads to a harmonic oscillator potential.
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

*Only harmonic oscillator yields m;=0, as expected from chiral s%mmetr :
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)
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The Light-Front holography approximation (HLFQCD)

Review: Brodsky, de Teramond, Dosch, Erlich, Phys. Rep. 05 (2015) 001. arXiv:1407.8131
e[i1ght-front QCD: Rigorous and exact formulation of non-perturbative QCD. Yields a

relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.

ePractical (3+1)D calculations: use correspondence between gravity in AdSs space
and QCD on the light-front Brodsky, de Téramond, PRL 96, 201601 (2006), PRL 102, 081601 (2009)
HLFQCDZ semi-classical model for QCD (no short-distance quantum fluctuations)

*QCD conformal = only one possible LF confining potential: harmonic oscillator
Brodsky, de Téramond, Dosch, PLB 729, 3 (2014)

eHarmonic oscillator on light front = linear potential for static quarks in usual instant form.
Trawinski, Glazek, Brodsky, G. F. de Téramond and Dosch, PRD 90, 074017 (2014)

eSuperconformal algebra, which accounts for the meson-baryon symmetric mass

spectrum (“hadronic supersvmmetrv”) leads to a harmonic oscillator potential.
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)
o M? (GeV?)

- p — A superpartner trajectories

*Only harmonic rted from chiral s%mmetr :

A= | Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)
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relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.

ePractical (3+1)D calculations: use correspondence between gravity in AdSs space
and QCD on the light-front Brodsky, de Téramond, PRL 96, 201601 (2006), PRL 102, 081601 (2009)
HLFQCDZ semi-classical model for QCD (no short-distance quantum fluctuations)

*QCD conformal = only one possible LF confining potential: harmonic oscillator
Brodsky, de Téramond, Dosch, PLB 729, 3 (2014)

eHarmonic oscillator on light front = linear potential for static quarks in usual instant form.
Trawinski, Glazek, Brodsky, G. F. de Téramond and Dosch, PRD 90, 074017 (2014)

eSuperconformal algebra, which accounts for the meson-baryon symmetric mass

spectrum (“hadronic supersymmetry’’) leads to a harmonic oscillator potential.
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

*Only harmonic oscillator yields m=0, as expected from chiral symmetry.
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

eTo produce the harmonic oscillator potential (1.e. the confinement forces), the
AdS space 1s deformed 1n the IR (it remains conformal in the UV). This done by

distorting the AdS metric.
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The Light-Front holography approximation (HLFQCD)

Review: Brodsky, de Teramond, Dosch, Erlich, Phys. Rep. 05 (2015) 001. arXiv:1407.8131
e[i1ght-front QCD: Rigorous and exact formulation of non-perturbative QCD. Yields a

relativistic Schrodinger-like equation for hadrons. Confining potential calculable 1n
principle but not tractable in 3+1 dimensions.

ePractical (3+1)D calculations: use correspondence between gravity in AdSs space
and QCD on the light-front Brodsky, de Téramond, PRL 96, 201601 (2006), PRL 102, 081601 (2009)
HLFQCDZ semi-classical model for QCD (no short-distance quantum fluctuations)

*QCD conformal = only one possible LF confining potential: harmonic oscillator
Brodsky, de Téramond, Dosch, PLB 729, 3 (2014)

eHarmonic oscillator on light front = linear potential for static quarks in usual instant form.
Trawinski, Glazek, Brodsky, G. F. de Téramond and Dosch, PRD 90, 074017 (2014)

eSuperconformal algebra, which accounts for the meson-baryon symmetric mass

spectrum (“hadronic supersymmetry’’) leads to a harmonic oscillator potential.
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

*Only harmonic oscillator yields m;=0, as expected from chiral s%mmetr :
Dosch, de Téramond, Brodsky, PRD 91, 085016 (2015)

eTo produce the harmonic oscillator potential (1.e. the confinement forces), the
AdS space 1s deformed 1n the IR (it remains conformal in the UV). This done by

distorting the AdS metric.
Harmonic oscillator on light front = in AdS space, ds? — exp(i?z2)ds?2
z is the 5th dimension of AdS space. z2 is the scale at which the hadron is probed, i.e. 1/QZ.

K 1s the universal scale factor of HLFQCD. 30
.geff;?son Lab A.Deur 09/22/22 Light-Cone 2022



http://arxiv.org/find/hep-ph/1/au:+Brodsky_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Teramond_G/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Dosch_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Erlich_J/0/1/0/all/0/1

o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).

General Relativity Action: Socfddx Jg GLN R, with R the Ricci scalar and g=det(gv)

AdS Action: Soc[d5x 48 é F2, with F the gauge field and gs the coupling
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).

General Relativity Action: Socfddx Jg GLN R, with R the Ricci scalar and g=det(gv)

AdS Action: Soc[dSx g L F2, with F the gauge field and gs the coupling

Deformed AdS Action: Socfdsx /8l 2%2 g125 F2
Confinement potential
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).

General Relativity Action: Socfddx Jg GLN R, with R the Ricci scalar and g=det(gv)

AdS Action: Soc[dSx g L F2, with F the gauge field and gs the coupling

Detformed AdS Action:
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).

General Relativity Action: Socfddx Jg GLN R, with R the Ricci scalar and g=det(gv)

AdS Action: Soc[dSx g L F2, with F the gauge field and gs the coupling

Deformed AdS Action: SOCId5X gle 2%2 L 2

= Deformed AdS Action: Soc/dsx
" Effective coupling at large distance

Transforming e
to momentum space: (xSHLF(Qz):aSHLF(QzZO)e(-Q K2)

Brodsky, de Téramond, Deur.
Phys. Rev. D 81, 096010 (2010)
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o, from HLFQCD

Perturbative QCD:
pQCD effective coupling o (Q2): small distance QCD ettfects are folded into the

definition of the coupling constant a..

Non-perturbative QCD:
Likewise for a,,(Q2) at long distance, confinement forces and PDF correlations

are folded into the definition of a (Q?).

General Relativity Action: Socfddx Jg GLN R, with R the Ricci scalar and g=det(gv)

AdS Action: Soc[dSx g L F2, with F the gauge field and gs the coupling

Deformed AdS Action: SOCId5X gle 2%2 L 2

= Deformed AdS Action: Soc/dsx
" Effective coupling at large distance

Transforming

to momentum space: O HLF(Q2)=0 HLF(Q2=0)e ) o 1F(0)=m: o 1tF(Q?) 1n the

g1 scheme.
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o, and HLFQCD: Comparison with data
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Comparison with process-independent o, from SDE calculation
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Predictions of the hadronic mass spectrum
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Predictions of the hadronic mass spectrum
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Predictions of the hadronic mass spectrum
pQCD not valid HLFQCD not valid

,,/m CERN COMPASS
a,,/m DESY HERMES

a,,/m SLAC E142/E143
a,,/m SLAC E154/E155

o, (Q)/m

pQCD and HLFQCD

both provide a good /T
description of o, (1.e. ,/m CERN SMC
& o, /7 OPAL

gl(v)

the Bjorken sum)
0.6

04

0.2

0
107 ]

Q (GeV)
Match HLFQCD and pQCD expressions of o, and its B-function:

=> Relate hadronic masses to fundamental QCD parameter A ¢y,
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Connecting x to Agcp
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- A o, /n CLAS EG1b (2008)
02 - O a,/mILab RSS (2008)
Vo, /n CLAS EGldves (2014)
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0! I
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[k Agep e N(@2)”) € =1.607 Az AUNLO

' a=4(\In(2)2-1+Bo/4-1n(2))/Bo
Deur, Brodsky, de Téramond, PLB 750, 528 (2015)
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Predictions of the hadronic mass spectrum

0 M2(GeV2) n—=2 n=1 n=0

o p(1700) / :
I - - Cl4(2040) ]
b B Am%)

1 P(:‘%mo)

o P770) Orbital angular momentum /[,

k =1.607 Az
k= MyN2

0 1 2 3 4

: HLFQCD predictions with Ay cp from Part. Data Group as only input.
_~ : Slopes predicted by HLFQCD.
e : Measurements.

Baryon spectrum obtained from hadronic supersymmetry or from proton mass.
Brodsky, de Téramond, Dosch and Lorce, Int. J. Mod. Phys. A 31, 1630029 (2016)

For hadrons with heavy valence quarks, heavy mass quarks are also needed as input.

Analytic determination of hadron spectrum with Agcp as only mput (+heavy quark mass if needed)
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Summary

oq 1s the fundamental parameter of QCD.

2

2

9

Reason for the running of the (effective) coupling, including in non-pert. domain.

Bjorken Sum Rule 1s advantageous to define an effective coupling o;.

Data and sum rules allow us to know a,,, at all Q2.

°0.,, ~constant at low Q? = Application of AdS/CFT on LF to non-perturbative QCD.
o0, obtained with HLFQCD.

o[ts form 1s imposed by respecting QCD’s basic (approximate) symmetries: either
conformal symmetry of QCD Lagrangian (mass scale emerging in QCD’s Action: dAFF
mechanism), or chiral symmetry (massless pion). Or requiring hadronic supersymmetry.
sNo free parameters (uses only one parameter, k, known from very different phenomenology).

sRemarkable agreement with o, data and recent SDE calculation.

*Analytic determination of hadron mass spectrum with Aqcp as the only 1nput.
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