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2013: Englert & Higgs

U The 2013 Nobel Prize in Physics was awarded to Peter Higgs and Heaglers
following discovery of the Higgs boson at the Large Hadron Collider.

U With this discovery the Standard Model of Particle Physics became complete.
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Where to now?
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Standard Model o f Particl e Pl

0

0

0

Standard Model (SMffers a description of all
known fundamental physics except gravity

Gravity has no discernible effect when
particles are studied a few at a time.
{AYyOS [/ Qa RA&aO2UISNJ
Higgs Boson has been promoted to the
Centre of Things

Standard Model has

17 particles and.9 parameters
most of which relate to the Higgs and all of
which must be determined through
comparison with experiment

SM supposedly describes most powerful f
In Nature

Yet, somewhat unsatisfactory

—————
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2013: Englert & Higgs

UG¢KS | A33a o02az2y Aa 2FGSy alrAR a2 3IA
U cdHowever, that is wronglt only gives mass to some very

simple particles, accounting for only confinement
one or two percent of the mass

2T Y2NB O2 YeL) SE
(0 The vast majority of mass LQQ \lgill
comes from the energy needed

to hold quarks together inside hadro =IIII IIIII
t What does thisrmean?!
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Standard Model of Particle Physics

U Strong Interactions in the Standard Model
are supposed to be described by quantum
chromodynamics (QCD)

U Only two parameters are intrinsic to QCD

¢ Higgs enters through currefguark
Masses
U One of thgrr}c " ocpG appears to be zero.
OSElFOuteée 2NJIFfy2zaduc
nucleon EDM is (as yet) unmeasurably
small

U Just one parameter remains to be fixed

b Perhaps science:has a:chance of
understandingQCDy SM?
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2013: Englert & Higgs

U¢CKS Y240 AYLENIFYOG OKFLIWIGSNI 2F (0KS {1
Uvdzl yidzy / KNRY2RéylYA04a 6v/ 50 Aa &dzLJL
cal GGSNI T |jdzr NJ &
¢DlFdzZaS o62az2ya I 3fdz2ya

U, S0 FAFOE &SFNB FFFTGSNI RAAO20USNE 27
dzy RSNRE Ul YR K2¢g v/ 5 Y2dzZ Ra 0UKS o6l &aAao
LIA 2y Az ySdzuNEyéz LINPO2Yas SGOO
0! YR UGKSNE | NG aOAKBRINGES MESHIY & U2 LINBF
GSNE 2yfé AYFSNNBR FTNRY YSIadaNBYSy(a
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Why are we here?

U Supposeuantum field theories are the correct paradigm for understanding Nature
U We find ourselves in a Universe where time and space give us Four Dimensions (D = 4)

D=4isa crit,ical point X X , X
¢cvdzl yidzY CASt R ¢KS2ZNASa gAdim&nsin r n L2 aaSa:
¢ Couplings are masimensioned, setting scale for all quantities

w5 B n X dzyO2y (NRfftlFotS dzZ 6N A2t SG RAOS
w5 f 0 -convérgemt]dhierarchy problem with dynamical effects being < 10% of
explicit scale

Standard Model is built from scailsvariant classical field theories (Ignoring Higgs couplings)
¢ Such theories are renormalizable & Procedure introduces a mass scale
¢ The size of the masscale is not determined by the theory

What determines the natural massale for visible matter?

We know it isi a o A6
¢l 26 YdzOK §(2f SN} yOS SEA&GAK Xe2/k6 Oy SEAAI

/' N} A3 w20SNIayY ORMBRONSEAFYXZITAdzOERBRIz0NF G2y YI aab
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Emergent Phenomena ... in the Standard Model(?)

Existence of our Universe depends criticallyioter alia, the
following empirical facts:
U Proton is massive

¢ I.e., the massscale for strong interactions is vastly different to Perstis )

that of electromagnetism onon.c;;nus. . NN

U Proton is absolutely stable Saggitaris

¢ Despite being a composite object
constituted from three valence quarks

U Pion is unnaturally light (not massless, but leptikie mass)

¢ Despite being a strongly interacting composite object built fro
valencequark and valence antiquark

"Etnergencelow-level rules
producing higHevel
phenomena, with enormous
apparent complexity

8th Intern. Symp. on Symmetries in Subatomic Phys (SSP2022) 2P98/29(40)
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Emergence of Hadron Mass

U Standard Model of Particle Physics has knewnmassgenerating mechanism
=HiggsBosoX A YLJ} Od&a INBE ONRGAOIE G2 S@2f dz
U However, Higgs boson is alone responsible foru¥oof the visible mass in the Universe

U Proton mass budget
roton mass budget

Only 9 MeV/939 MeV is directly from Higg—s\p> 5
T ——

U Evidently, Nature has anotherery effective
mechanism for producing mass:

Emergent-Hadron'Mass(EHM)

V Alone, it produce94%2 ¥ (1 KS LJ

V Remainingb%is generated by constructive
iInterference between EHM and Higgeson

882
m chiral limit mass = EHM+HB feedback = HB current mass
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Emergence of Hadron Mass - Basic Questions

proton mass budget

U What is the origin of EHM? o ‘9

Does it lie within the Standard Mode
l.e., within QCD

u ° K I l] | NB l:I K S é 2 y = chiral limit mass -88EZHM+HBfeedback = HB current mass
¢ Gluon and quark confinement? ]

¢ Dynamical chiral symmetry kaon mass budget 0= chialimit mass plom mass BUJBEL .~ hirl i s

breaking (DCSB)? % ‘ il
¢ NambuGoldstone modes = K#?

U What is the role of Higgs in - N
modulatlng Observable propertles Of u chiral limit mass = EHM+HB feedback = HB current mass = chiral limit mass = EHM+HB feedback = HB current mass
hadrons?

C Crltlca”y, WIthOUt ngg S position. There are crucial differences. The proton’s mass is large in the chiral limit, i.e. even in the
. . absence of Higgs couplings into QCD. This nonzero chiral-limit component is an expression of emergent
meChanlsm Of mass generatlon’ hadronic mass (EHM) in the SM. Conversely and yet still owing to EHM via its dynamical chiral sym-
and K WOu Id be |nd |St|ngu |Shab|e metry breaking (DCSB) corollary, the kaon and pion are massless in the chiral limit — they are the SM’s
Nambu-Goldstone modes [24-27]. (See Eq. (2.22) below.) (Units MeV, separation at ( = 2 GeV, produced

u Whence mass? using information from Refs. [8, 21-23].)
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FIG. 1.1. Mass budgets for A—proton, B—kaon and C—pion, drawn using a Poincaré invariant decom-




All mass is interaction.

— Richard P ?elfn/man —
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Quantum Chromodynamics

b 20 @0 @ [ ORI 6@ @

0,(0 ~1,00 (0 1,0/ (® Q"0 (@0

U Oneline Lagrangiag expressed in terms of gluon and qugu&rtons
U Which are NOT the degree$-freedom measured in detectors
Questions

U0 What are the asymptotic detectable degreekfreedom?

U How are they built from the Lagrangian degreddreedom?

U Is QCD really the theory of strong interactions?

U Is QCD really a theory? Implications far beyond Standard Model

/' N} A3 w20SNIayY ORNBONBENAFXZFIZAdzOEKBIzoNF iIi2y YIaab
S o . 2
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N
Strong Interactions in the Standard Model

Lqcp = ﬂ-ﬂi (if’”fﬂDp):‘j — m d;;) Py = :_Isz Ga”

U Only apparent scale in chromodynamics'is mass of the quark field

U0 Quark mass is said to be generated by Higgs boson.

U In connection with everyday matter, that mass is 1/258 the natural (empirical) scale for
strong interactions,
viz morethan two ordersof-magnitude smaller

U Plainly, the Higggenerated mass is very far removed from the natural scale for strengly
Interacting matter

U Nuclear physics massalec 1 Ge\( is anemergent feature of the Standard Model
¢ No amount of staring ai,.pcan reveal that scale

U Contrast with quantum electrodynamias.g. spectrum of hydrogen levels measured in
units ofm,, which appears ibyep

Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"

y . i .’ 3 M 0
8th Intern. Symp. on Symmetries in Subatomic Phys (SSP2022) 2D98/29(40)



- 1
Locp = Vi (1(V'Dy)ij — )y — =G, GEY

g M a \Whence. Mass?

U/ fFaaarolf OKNRAdidhdoyal gaugeiieornX Yy 2 Y

UwSY20S GKS OdzNNBy Ul YlFaa X 0KSNBQa

U No dynamics in a scalavarianttheorf 2yt & {AY SYFUAO&
same at all lengtiscalesX U KSNEKE OFyYy 0SS VY ZhenCetbdaXe.Ja
states are impossible

0 hdzNJ ' yAGSNERS OFyQil SEAaAa

Ul A33& 0242y R2Sa¥xQi az2t oS i
¢ normal matter is constituted from ligkhdquarks

¢ the mass of protons and neutrons, the kernels of all visible matter, argifr@¥s larger than
anything the Higgs can produce

y 2

X

l.j
2 1

(]
KAda LINROT S

0t 2 KSNE RAR A0 Fff 06S3IAYK X 0S02Y.
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Dhu = iﬁ(a(C))quGZV Trace Anomaly

U In ascale invariant theory
the energymomentum tensor must be traceless; . )

U Regularisation and renormalisation of (ultraviolet) divergencéguantum
Chromodynamics introduces a massale

X dimensional transmutation X
[ | 3 NI ahstdntg@uplings and masses) become dependentonafaSs: f S =

U hMph 0X VY v/ 5 Q& Laprergiamierdsis A (&n90)
t K.D.=t1L/M "=hi¢ hdi/R M| 0iAG G =T =:¢,| Trace anomaly
QCD Tolzyc“mmfv X aLISOATASE K2g (GKS O2dzd Ay3 &
Quantisation ofenormalisabldour-dimensional theory forces
nonzero value for trace of energyomentum tensor

. Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass”
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Tuu = £8(a(€))GS, G Trace Anomaly

U Knowing that a trace aqorpaly exists does not deliv,er a great deal
X LYRAOI USa -salefmaistexistl ¢ I YI aa
U Key Question: Can one compute and/or understand the magnitude of that scale?
(i One can certainlyneasurel KS Y IF 3y AddzRS X O2y a8ARSNJI LINE (i

@(P) Tuu‘p(P» = —P,LLPV
(p(P)|Tyuulp(P)) = —P* = m,

= (p(P)|O0|p(P))

0ULY GKS OKANIf fAYAG GKS SYGANBGE 2F¢,0KS
X LY ¢ymedsures the strength of gluon sélteractions
X 422 FNRY 2yS LISNARALSOUAOSE
m, is (somehow) completely generated by glue.

Ry /' N} A3 w20SNIayY ORNBONBENAFXZFIZAdzOEKBIzoNF iIi2y YIaab
Ea) o5 . o
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On the other hand ...
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Tuu = £8(a(€))GS, G Trace Anomaly

Ta

GLY GKS OKANIf fAYDRI RAN2W SA » 2val2y/at $4 4

(m(@)|Tww|m(@)) = —quar + (7(q)|Oo|m(q)) =0
U52Sd UKAE GY SIS a0FES Fy2YFfe OGS &Ky

O2YUNROGdzGS Yy2UKAY3I (2 O0KS LAZ2Y YI aak

USATFTFAOMZ G o3 (2 2001 A Y

09k arsNd uzdxmsgSuaKDuyéS“ FadA2ya o0Sd

O2Y UNROGdzUA2YaEa (2 @®S SELISOUGlIGAZY OF f d

Uh¥ O2dzNESSYX &8dzOK LINBSOAAS OFyOSttlaAzy
LG O2dzZ R 2yfeé | NAaS yI GdzN & 0SOl dz

J f f
2F a42YS a48YYSUN®NBYRAFNM 4B YV SNYBRD
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Whence. 0106 . and yet 00

(p(P)|©0p(P)) =m,, (n(q)|©0|n(q)) =0

U No statement of the question
al 26 R2Sa 0GKS Ylaa 2F 0GKS
IS complete without the additional clause
Gl 26 R2Sa (fagssldsSKk 2y NBYIF AY

U Natural visiblematter massscale must emerge simultaneously with apparent
preservation of scale invariance in related systems

¢ Expectation value af,in pion is always zero,
Irrespective of the size of the natural massale for strong interactionsm,

Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"
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Whence. 0106 . and yet 00

(p(P)|O0o|p(P)) =m2, (m(q)|O0|m(q)) =0

U No statement of the question
al 26 R2Sa UKS Ylaa 2F 0KS
IS complete without the additional clause
al 26 R2Sa UfnasslgssKk 2y NBYI|F AY
i Modern Physics must
Elucidate the entire array of Empirical Conseguences

of the Mechanism responsible
so that the Standard Model can be Validated

[] £ :_‘\:'-"( ?&
""',,‘ ":,;."\a b= 20
“'} A — 8th Intern. Symp. on Symmetries in Subatomic Phys (SSP2022) 2D98/29(40)



All mass is interaction.

— Richard P ?elfn/man —

In QCD, so Is the absence of mass

Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"







Modern Understanding
Grew Slowly fram Anciebnigins

0 More than 40 years ago

o@f dz2y €SNI !

Dynamical mass generation in continuum quantum chromodynamics,
J.M. Cornwall, Phys. Rev2BMm by m 0 [mm 1p witatddns

U0 Owing to strong selinteractions, gluorpartonst gluon quasiparticles,
described by a mass function that is large at infrared momenta

f ' O'B=1.63
@ 5=2.13
P~
Q 4l ® 5=2.37
23l Gluon propagator
= X continuumand
2 lattice QCD agree
1}
oL, . . :
0 1 2 3
k [GeV]

Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"
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4-gluon vertex

Trulymass from nothing

An interacting theory, written in

terms of massless gluon fields, \/ QCD fact
produces dressed gluon fields th :

are characterised by a mass fun(?é’énco_ntmu_um th_eory and
that is large at infrared momenta  lattice simulations:agre:

V Empirical verification?

23
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Modern Understanding

CIFI\IA' ClAavaidy i frnAan Annl.mryins

(i More than 40 yez 9 I a 4{%6“
_ ~ 3-gluon vertex
dynamics,

Dynamical mass ¢

V 2 N
J.M. Cornwall, Phy h—d
0 Owing to strong s Y : ; ) uza'articles,

described by 2d momenta

5 s D t d 2 y V 4-gluon verles{;{ﬂ
e Z
a 4
24 Gl
3° % contis V QCDHAact A
2 lattice C Y I . @ r'ﬁory and
b Iat ons;agre:
9 i 5 5 e V Empirical verification?

k [GeV]
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S NJ

2 KI 0 Qa

out here?!

o (Q)

JLJS

OCD’s Running Coupling

‘ Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"

0.5

0.4

A A Deep Inelastic Scattering
ete— Annihilation
Hadron Collisions

H@vg()uarkonia

== QCD

o ,(MZ) =0.1189 £ 0.0010
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| DysorSchwinger Equations indModern-Mathematics

and Physics (DSEMP2014) Trento, Italy, Septemb26,22014

Process/independent

effective charge = runnlng Coupllng

SR i a . A o % 1 5 Jlab GG (202
a2RSNYy GKS2NEB Syl of Sa togz/A :/gJﬁgbgG;1%gzgdz
DS yof 246 i | W & JLabEGidves

5 A~ . _,708[ ® Hall AICLAS i R o
NHzy y Ay3 OKIFNEBS (2 038" Nhed2aNbralzdd ¢ IRS'-F)\)/SR'
2 1. = - 7 [ @ JLab CLAS (2014) N |
Ol f{ Ode I 0 SR e ,‘5 06F 4 DEaSYHERI\/IES d:‘w,
yIf@&aixsa 2Fdz3yS 53 sou 2 1\g) |7 CERNCOMPASS - fRel
L 9, \
: )\ S £LBHANI | YISNIESSUI LING R R“Dir Aesgpal . |
“ xR AR @ SLAC E142/E143 Tkl :
b®. ® vdzl f A G daoA KSYMOKE Y 3, 3 E154/E155 : )(’_ |
: R | & B JLab RSS T |
b 2 [ | y R IA C\I{Z tv ? t ,SA ~ ? Fe?milab /} | Wsrste |
¢ Oy F NI NEERIAD § ARG SIBNI BB FRF@wAL L 7 0
O2NNBOdion SELI Ay GAZ2Y 2F BF SYS[GyVi]j L
~ iy s o7 d o ~ — v q
Stems My:(iSNI OGrzya 6502Y8 A0HTS

AYVRSLISYRSY(uxX 2dzad | é (R S @odsogrdS NGRS P Rt s (4G50 7]

Progess independent strong runing coupling

a2 v/ 5 0S0O02YSa LINT O0 »@efnofe o aii612@pBugfhi Fr2rNJYE forf) 0540241 3

Effective charge from lattice QCZhuFang Cui et al., NANP 014/19arXiv:1912.08232

[hep-ph], Chin. Phys. @4 (2020) 083102/110
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U Absent Higgs boson couplings, the Lagrangian of QCD is scale invarian:’

~ Ve

ua, Su X ;
¢ Massless gluons become massive
¢ A momentumdependent scalexpressing o
charge Is produced o) :
¢ Massless quarks become massive T 1B
i EHM is expressed in AT o
EVERY strong interaction observable oo e

U Challenge to Theory =
Elucidate all observable consequences of these phenomena
and highlight the paths to measuring them

U Challenge to Experiment =
Test the theory predictions so that
the boundaries of the Standard Model can finally be drawn

27
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QCD Fact Pion (NambuGoldstone modes) and mass

01 A33a 06232y & EHM demands equivalence between
one-body mass and twody correlation strength

U Pion exists and is massless x b b dZNE O 3 bl Golldavidbbsge
U Pion BetheSalpeter amplitude y UrazNb Qa - WanaliGottisiay syres

Pion wave function guark mass function

SBThis identity Is the most basic expression of the Na
Goldstone Theorem In the Standard Mg

@ /NI A3 w20SNIaY OGORNBONSEAFXZIdzOERBAz0NF 2y YIaabh
s

Q= e Subatom 2
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QCD Fact Pion (NambuGoldstone modes) and mass

Ul A33a o62az2y O
U Pion exists and is massless
U Pion BetheSalpeter amplitude y

91l a RSYlFIYyR&a SljdzA gt SyOS
2Vib2Re Y| a®2RER O NSt | U
A

5
F A2
b@ (i ¥ZRB (i T doyf RIMDEBIYRIA G2y S

Pion wave function guark mass function

SENntalls, enigmatically, properties of the nearly massless
are the cleanest expression of EHM in the Standard Mc

. & Craig Roberts: cdroberts@nju.edu.cn 413 "Origin of the proton mass"

Ny H o
=) th Intern. Symp. on Symmetries in Subatomic Phys (SSP
() , 8th S S ies in Subatomic Phys (SSP2022) 22@8/29(40)



AMBER —
oy ,
e Jefferson Lab

CERN SPS OThomas Jefferson National Accelerator Facility

ELECTRON-ION COLLIDER
EIC Yellow Report

EHM:at ’
Existing:and Future:FacHities
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Proton and pion distribution functions in counterpoint

U Today, despite enormous expense of time anc
effort, much must still be learnt before proton
and pion structure may be considered
understood in terms of DFs

U Most simply, what are the differences, if any,
between the distributions opartonswithin
the proton and the pion?

U The question of similarity/difference between
proton and pion DFs has particular resonance
today as science seeks to explain EHM

U How are obvious macroscopic differences
between protons angbionsexpressed in the
structural features of these two bounstates?

/' N} A3 w20S8NIay ORMNPOBEAFXZIAdzOEBIz2NF G2y Y &aab

massive almost massless
ALINRG2Y B pion

Figure 1: Left panel—A. In terms of QCD’s Lagrangian quanta, the proton,
p, contains two valence up (u#) quarks and one valence down (d) quark; and
also infinitely many gluons and sea quarks, drawn here as “springs” and closed
loops, respectively. The neutron, as the proton’s isospin partner, is defined by
one u and two d valence quarks. Right panel—B. The pion, 7", contains one
valence u-quark, one valence d-quark, and, akin to the proton, infinitely many
gluons and sea quarks. (In terms of valence quarks, 7~ ~ dit and 7° ~ uit —dd.)

8th Intern. Symp. on Symmetries in Subatomic Phys (SSP2022) 2298/2940)
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Proton and pion distribution functions in counterpoint

Proton and pion distribution functions in counterpokdlLu () et al,
NJUINP 056/22, éPrint: 2203.00753 [heph], Phys. Lett. B 830 (202237130

U Valencequark domain: there is a scale
T g [,
¢ Gluon DFS: T 5

¢ SeaDF$:p T 5 (¢

U Further, no simultaneous global fits to
proton and pion data have ever been
performed

¢ Largely because pion data are scarce

U EXisting approaches are unlikely to yield
definitive answers because practitioners
typically ignore QCD constraints

U0 —-— a :valb (p w

p}/
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a at which

{ 4P (x; &), wP (53 Lr) ‘& (1 = x)°
A7 (x5 L90), w6 Lp) 0 (1 = x)°

[

These are simple consequences of DGLAP equations
Argument can be reversed:

if large-x glue or sea DF exponent is smaller than
that of valence DF at any given scale, then it is
smaller at all lower scales.

DF with lowest exponent
defines the valence degreaf-freedom.

Proton is supposed to be a stable boustdte of
three valencequarks

Yet, modern global analyses of proton DIS and
related data encompass fits with role of glue and
valencequarks reversed!

Proton has valence glue but no valence quarks!
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Proton and pion distribution functions in counterpoint

Proton and pion distribution functions in counterppidlLu () et al,
NJUINP 056/22, éPrint: 2203.00753 [heph], Phys. Lett. B 830 (202237130

0
0

Valencequark domain: there isa scale & at which

- a :val® (p w M o .1 G T

¢ Gluon DFS: ' n P }
C

¢ SeaDF$: T § V These are simple consequence of DGLAP equations.

Further, no simultaneous global fits to CTi8:large L2 6SNJ 2F 3If dzS RA A&\
proton and pion data have ever been mass; 1S (almost) identical to that of valenapiarks.

—_ ~

{ AP (s Gg), 4P (x; Lpg) o (1 = x)°
A7 (x5 L90), w6 Lp) 0 (1 = x)°

performed With this behavior, proton has valencguon
L araelv because pion data are scarce degrees of freedom at all scales. That would make
A o gety P _ _ the proton a hybrid baryon, which it is not.
EXI_Sth approaches are unlikely tO yield CT18Z: larg& power of glue distribution ia,=1.87,
definitive answers because practitioners whereas that on the valence quarksais3.15

typically ignore QCD constraints e  Indss,),,valencequarks aresubleading
degreesof-freedom. Instead, gluons dominate on

what is typically called the valencpiark domain.
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Proton and pion distribution functions in counterppidlLu () et al,
NJUINP 056/22, éPrint: 2203.00753 [heph], Phys. Lett. B 830 (202237130

U Symmetrypreserving analyses using continuum Schwing:
function methods (CSMs) deliver hadron scale DFs that
agree with QCD constraints

U Valencequark degreef-F NS SR2Y OF NNE |
momentum at- : (x)? = 0.687, (x)fZ =0.313, (x)7 = 0.5

U Diquark correlations in proton, induced by EHM

t 0 0w QW _ .
U Proton and pion valencgquark DFs have markedly 10— _ t
' ' = T u in proton
different behaviour 2 osf e

26 F Aa Dbl ddNBQa Y2ad RAt s
. Gho@A2dzaép ©)S3.Kpdza)S behaviour % 04p [ 7=
& preservation of this unit difference under evolutior %5 0.2 /£ .

i. 1 f 42 &KARRS yigducEd béoddbdidhg 3 oof . . eSS

00 02 04 06 08 1.0

uin pion
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Proton and pion distribution functions in counterpoint

dglue and sea A
A o . - R A . X0
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Proton and pion distribution functions in counterpoint
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CSMs have delivered gver unified body of predictions for all proton and pion DFs
¢ valence, glue, and fodtavourseparated sea.

Within mesons & baryons that share famiflavourstructure, lightfront momentum
fractions carried by identifiable, distinct parton classes are identical at any scale.
On the other handx-dependence of DFs is strongly hadron dependent
Smokmgggunée e EHM

¢! U Fye NBaztogAy3a aoltSzT v (0K2aS Ay (KS
All CSM DFs comply with QCD constraints on endpoint 8ogvhighx) scalindehaviour
However, existing global fits ignore QCD constraints, so:

¢ Fall to deliver realistic DFs, even from abundant proton data

¢ Meson data almost nonexistent and controversial results from fits

Only after imposing QCD constraints'on future phenomenological data fits/'will it be possibl
to draw reliable pictures of-hadron structure.

Especially important for attempts to expose and understand differences between Nambu
Goldstone bosons and.seemingly less complex-hadrons.
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Many, Many Other Expressionsof EHM

U 91 a FT2NXYIFOGAZ2Y 2F y2yLR2AYOUtALlS R
¢!tf oFNEB2yasz AyOfdzZRAYy3 (K2aS @&
Ut NRG2Y LRSI B NDODHRBI I § & 2 4 N
cal N K2yt NREGIHFOAT AGe OGKIFG LINRPG2¥ O2VH Ay
& O MR A NGy NIg—F
0 bdzOf S2y NkazylyoSa '«ri;‘:\l**:}*'“i') ek
O2y il Ay Y2NBn Vi REPIAfARKMEY 3 & NS omh%('m e
U b dzO fr8521ya 4 A OTiNBY/ad2qErS20/5 (NI yardAzy FT2NY Tl
a0 NHzZOGdzNI £ LINBRAOUGAZ2YV A
U9t SOUNRSSIHKSUNMEPEABEKAFLAYI A T34 282y R2YA
EAIKD O0fATIKUISND FAYIE cEYil SNASNBYOSHA DEES
VI s . SR
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