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Outline

Are “vac quark & gluon condensates” really a property of the void?
Strong evidence that quark condensate is really an in-hadron property

Eliminates the big problem with conventional QCD prediction of vacuum
energy density

Quark and gluon confinement is necessary to the argument and suggests
all QCD condensates are either in hadrons or are zero

The QCD vacuum would be trivial as required by Light-front QFT
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Outline

Are “vac quark & gluon condensates” really a property of the void?
* Strong evidence that quark condensate is really an in-hadron property

* Eliminates the big problem with conventional QCD prediction of vacuum
energy density

Quark and gluon confinement is necessary to the argument and suggests
all QCD condensates are either in hadrons or are zero

* The QCD vacuum would be trivial as required by Light-front QFT
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1998:. The universe is expanding at an accelerating rate

Time
(~15 billion years)
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1998:. The universe is expanding at an accelerating rate

Observational evidence from supernovae for an accelerating universe and a cosmological constant.
Supernova Search Team Collaboration (Adam G. Riess (UC, Berkeley, Astron. Dept.) et al.). May 1998. 36 pp.
Published in Astron.J. 116 (1998) 1009-1038

e-Print: astro-ph/9805201 Nobel Physics Prize 2011
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1998:. The universe is expanding at an accelerating rate

Observational evidence from supernovae for an accelerating universe and a cosmological constant.

Supernova Search Team Collaboration (Adam G. Riess (UC, Berkeley, Astron. Dept.) et al.). May 1998. 36 pp.
Published in Astron.J. 116 (1998) 1009-1038

e-Print: astro-ph/9805201 Nobel Physics Prize 2011

This dark energy repulsion is consistent with a cosmological constant:
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1998:. The universe is expanding at an accelerating rate

Observational evidence from supernovae for an accelerating universe and a cosmological constant.

Supernova Search Team Collaboration (Adam G. Riess (UC, Berkeley, Astron. Dept.) et al.). May 1998. 36 pp.
Published in Astron.J. 116 (1998) 1009-1038

e-Print: astro-ph/9805201 Nobel Physics Prize 2011

This dark energy repulsion is consistent with a cosmological constant:

811G MAT 81 G

1 _ DE __ 2
RMV - §RgHV = ? {T,LLI/ - TEE A.gluy — C4 T,LLV — pA C g,ul/

Aope = pr ~ (2.3 107° eV)*

* Could be SUSY/BSM particles, .........

Or could be QFT vacuum energy density, coming
from:

=reis b o=
Accelem . -

expansion

2 Farthest
Slowing 7 supernova
expansion X

Time
(~15 billion years)

* “vacuum” condensates of fields of the Standard e
Model, eg: QCD, Electroweak (esp Higgs field),...
* Problem: they overwhelm all else ! F
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Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

LSM — LQCD(qa G) T LEW(Za v, Ay Wa Z7 H) T LG(¢m7 gah: O)

Three Generations
of Matter (Fermions)

| I M
17112
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expt ~ names up charm top phot
4.8 Mev 104 Mev Gev 0
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Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

LSM — LQCD(qa G) T LEW(Za v, Ay Wa Z7 H) T LG(¢m7 gah: O)

Three Generations
of Matter (Fermions)
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17112

. . A mass-32 4 Mev 1.27 Gev .2 GeV 0
QFT vacuum fluctuations give ( Atheory) — U EC Bt LY
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Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

LSM — LQCD(qa G) T LEW(Za v, Ay Wa Z7 H) T LG(¢m7 gah: O)

Three Generations
of Matter (Fermions)

. . A h mass-32 AMev 1.27 Gev 171.2 Gev 0
QFT vacuum fluctuations give ( At =)= e EC Ezt oY
expt ~ names up charm top photon
eV 104 Mev 4.2 Gev 0
o | d s S ¥s 0
46 i 3 3 dow y:trange VbotE?n 1 glug
Lqcp = 107,  mostly due to (0| qq |0) ~ Ajcp ~ (0.250 GeV) B
ev 0.17MeV | <155 MeV 126ev ()
NAAARA
neutﬂno nrenuut?&o l‘leEIatll!inO gerce
Lrpw = 10°°,  mostly due to (0| H |0) ~ 246 GeV o e |
2 1% e ¥a '.1 ¥a T 1¥w
o | elect m tau e

Lo+ Lgusy = 10129, scaling arguments
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Typical Estimates of QFT Vacuum Energy Density

from the Standard Model

LSM — LQCD(qa G) T LEW(Za v, Ay Wa Z7 H) T LG(¢m7 g)h: O)

Atheory) .

QFT vacuum fluctuations give ( A
expt

Three Generations
of Matter (Fermions)

Lqcp = 10%°, mostly due to (0| Gq |0) ~ Adcp ~ (0.250 GeV)?

Lrpw = 10°°,  mostly due to (0| H |0) ~ 246 GeV

Lo+ Lgusy = 10129, scaling arguments
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KENT STATE

Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

Example:  The QCD nature of Dark Energy.
Federico R. Urban, Ariel R. Zhitnitsky (British Columbia U.). Sep 2009. 41 pp.
Published in Nucl.Phys. B835 (2010) 135-173
e-Print: arXiv:0909.2684 [astro-ph.CO]
1 References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

2 Abstract and Postscript and PDFE from arXiv.org; Journal Server - Nucl.Phys.
Detailed record - Cited by 47 records
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Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

Example: The QCD nature of Dark Energy.
: ( ). Sep 2009. 41 pp.
Published in Nucl.Phys. B835 (2010) 135-173
e-Print: arXiv:0909.2684 [astro-ph.CO]
| | | | |

and and from arXiv.org; - Nucl.Phys.
Detailed record - Cited by 47 records

Low energy gravity as an effective QFT in interaction with QCD
effective fields, eg Veneziano ghost of UA(1) fame

2H

— mg [(qq)| ~ 6,3 (H = Hubble’s constant)
n

— Pvac — C
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Typical Estimates of QFT Vacuum Energy Density
from the Standard Model

Example:  The QCD nature of Dark Energy.
Federico R. Urban, Ariel R. Zhitnitsky (British Columbia U.). Sep 2009. 41 pp.
Published in Nucl.Phys. B835 (2010) 135-173
e-Print: arXiv:0909.2684 [astro-ph.CO]

1 References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
2 Abstract and Postscript and PDFE from arXiv.org; Journal Server - Nucl.Phys.
Detailed record - Cited by 47 records

Low energy gravity as an effective QFT in interaction with QCD
effective fields, eg Veneziano ghost of UA(1) fame

2H obsv

= Pvac = C . mg [(Qq)| ~ 6 p} (H = Hubbles constant)
n

BUT, again relies upon QCD providing the (large) quark condensate
filling all space. Does it really do that?
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On what basis can one question that the quark condensate fills all space ?
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GMOR Relation

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes , B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Today's useage : f2m? = 2mgq4(p) (0/qq|0),

e On what basis can one question that the quark condensate fills all space ?
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GMOR Relation

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

o Today's useage : f2m? = 2mgq(p) (0| Gq|0),

- @ On what basis can one question that the quark condensate fills all space ?

® (Quick tour of present capabilities in continuum (non — lattice) modeling of QCD

for hadron physics, based on the Dyson — Schwinger eqns of QCD........
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DSE-based modeling of Hadron Physics

® Soft physics: truncate DSEs to min: 2-pt, 3-pt fns

® Should be relativistically covariant—-convenient for
decays, Form Factors, etc

» No boosts needed on wavefns of recoiling bound st.
s oo d.of. — few quasi-particle effective d.o.f.

Do not make a 3-dimensional reduction
Preserve 1-loop QCD renorm group behavior in UV
Preserve global symmetries, conserved em currents, etc

Preserve PCAC = Goldstone’s Thm

Can’t preserve local color gauge covariance —-just
choose Landau gauge [RG fixed pt]

e o o o o

o Parameterize the deep infrared (large distance) QCD

coupling P

-~ o
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Summary of light meson results
My—g = 3.5 MeV m; =125MeVatji =1 GeV

Vector mesons

(PM, Tandy, PRCE0, 055214)

Mo 0.770 GeV 0742
Pseudoscalar (PM, Roberts, PRCS6, 3369)
— fojw 0216 GeV 0207
- 5 . 3' M 0.892 GeV 0936
- 0.236 GeV 0.241]
99y :;1335 - j L ag ) frs 0.225 GeV 0241
m ] L+ : :
N ) My 1.020 GeV  1.072
00924 GeV 0093
Ix 296 ey - T 0.236 GeV  0.259
My . e :
K Strong decay (Jarecke, PM, Tandy, PRCGE7, 035202)
fx 0113 GeV 0.109
8prn 6.02 5.4
Charge radii (PM, Tandy, PRCGE2, 055204) 8oKK 464 473
2
rz 0.44 fm 0.45 Bt 4.60 4.1
It 0.34 fm? 0.38 — _
Radiative decay (PM, nucl-th/0112022)
o -0.054 fm’ -0.086
Boxy/ Mg 0.74 0.69
yry transition (PM, Tandy, PRC65, 045211) Sy Mes 5 31 507
8yy 0.50 0.50 (gxxy/mr)t | 083 0.99
2
. 0.42 fm 0.41 (xexcy/mz)® | 1.28 119
Weak K3 decay  (PM, Ji, PRDB4, 014032) Scattering length  (PM, Cotanch, PRD66, 116010)
Ay(€3) | 0.028 0.027 al 0.220 0.170
[Ks) | 76-10°s~1 738 a2 0.044 0.045
[(K) | 52:10°s71 480 al 0.038 0.036

In summary: 31 exptl data @ RMS error of 15%
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o = e = ® = e = - = = = -
e & - = - o e = — = = - - = - e

E,
| e Hadron Spectrum

B particle Data Group

® H.LL Roberts et al. nucl-th/1102.4376 _ -
® ERAC o Symmetry-preserving unification

V¥ iiilich of the computation of meson & baryon masses
o rms-rel.err./deg-of-freedom = 13%
o PDG values (almost) uniformly overestimated in both cases

DSE contact model
- room for the pseudoscalar meson cloud?!

i
e 0 (e ..__....l-.._._h-l..l..._—.-l_ul-l-J-Hu

| | | | | | | [ 1 B L 1Y T 1 T 1 * ]
| : 2 -
: 15F . ’ - -! - 25' .;;. = ]
< # i E ' < I » " oy : o |
[ i L | 2. a ]
- : . S S T
1t 4 @ -
% . E‘ﬁ i . E . ]
@ g N E I e I . s | ]
% 5 15F . il
o e | B - ]
o "5 4 @ ‘
2 2 a | .T o ]
" 1'_ B —-
0 | I | | I I | I I | | | | | I!. | | | | | |
¥ * . A% £ M. 15,
TP fen @ @ T at p*fum N N*N-N- A A" A-A QQ Q0
} Craig Roberts: Opportunities and Challenges of the N® Programme. ) ) i i E. .
' . ‘}___,_ — RN ” S— - el — - _FA"
= 3 o
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1.0

Nucleon Form Factors

Coupling to exchange quark

Photon-diguark coupling

— With 7= term

= == == N0 Ty tErm

--1. Cloet et al (2011)

L e—— ]

11

]
Seagull terms: coupling
to diquark amplitudes
&
1I['-II'|I||1 lllr|I||:1 rlllll1|f[’l T 121
---- RCQM ,/I,- -
—— GPD 7w -
———- VMD F g il
— - DSE Pr ol -
Al e e
> A0 i :
,“HJ/{, ",f ]
/"// == PQCD,A =150 MeV — —
Y — .- pQCD,A =300 MeV -
—— Our Fit )
PRI N VRN T RN T AN W AN YA NN O M S NN T T M N W T N AT W G T T A A W
0.5 1.0 1.5 2.0 2.5 3.0 3.5
2 2
Q" [GeV”]
__ S. Riordan, et al Phys. Rev. Lett. 105, 262302 (2010)
—-"“ :i
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— DSE-BSE (LR: M-T 2001) :
----- VMD p pole a

+ CERN '80s
o JLab at 12 GeV
e JLab 2000
¢ JLab2006 @ |7 —————A
A

pQCD Asym (BL)

JLab 2007
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Nguyen, Bashir, Roberts, PCT, PRC 83 062201 (2011); arXiv:1102.2448

:. B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
04+ . —
: /’ /}' } } . \N N :
- / /‘ 1 * i
03+ / /~' \ 7
n ../. -
¢ @ = /' ? _
'E \;> O 2 | / i* _
] ~ - *\ o
N 3 '
| - DSE-BSE, (Trang et al) 27 GeV }\‘ 7
| 01 - — - — DSE (Hecht er al.) 27 GeV* ¥ B
I ® E615 7N Drell-Yan 16.4 GeV? '}xk i
-—--— EB15 Aicher et al. 27 GeV’ LA :
N, .

O ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] S ]

% 0 02 04 0.6 0.8 1.0
X
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KENT STATE

v*v* Asymptotic Limit

Lepage and Brodsky, PRD22, 2157 (1980): LC-QCD/OPE =

IlllIII | l|||ll||

= DSE results
—— VMD dipole

--—— bare vertices
— @3/ Q°

14
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The V-A Current Correlator

® 11, (x) = (0 T j.(x)j}(0)]0) , isovector currents j,, = @vy,d, jo = Uysyud

H/‘,L/V(P) = (P25uv — PuPy) v (P?)

[/, (P) = (P?0uy — PuPy) 114 (P?) + Py P, T1%(P?)

a,
A
I, (P) = f y ri”—q’P)
uv P
q

q.

® m,=0: IIV-T1I“ =0, to all orders in pQCD

o [IV — I1I4 probes the scale for onset of non-perturbative
phenomena in QCD

15
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Physics from the V-A correlator:

OPE:
_ 32mas{(qqq 2
HV A(PQ) _ 773 Ig%qqﬁﬁ{l 247 | ln(%)]} 4 O(%)
Model — <49 >u=19 (GBV)B <4999 > =19 (GeV)6 R(,u = 19)
LR DSE (0.216)3 (0.235)° 1.65

Weinberg et al Sum Rules:
o I 5= [y dslpu(s) = pa(s)] = [PPIIV=A(P?)]p2g = —f7
o II: P?2[P2IIV-4(P?)]|p2o =0

e DGMLY: [°dP?[P?TIV—A(P?)] = —4Tfx[m2, — m2,]

Model f2(GeV?) | fr(MeV) | fexp/frum | Am.  (MeV) (Amr) exp
LR DSE 0.0081 90.0 1.03 4.88 4.43 +0.03

16 —T. Nguyen, PCT, in prep (2010) E’Q
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ifz Py = (0lgysvuqlm)

= Za(L, A)tl‘cvf

lYSYuS(Q+)PJr(q; P)S(q-),
(5)

(2m)?

= —(0lgiysqlm)

A d4q
= Z4(¢, A) trep f ¥sS(g+)Tz(q: P)S(q-).

(2n)*
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QCD: Two In-Hadron Quantities

l.f’t P,u = (Olé)/_s)/#(]'ﬂ)

il = o d

(277)

Z-(¢, A)II'CD/

| —

(5)

ipr = —(0|giysq|m)
4

| A d g | ’7}35
24, M tiep | 5 g ¥5S(@)lx(q; P)S(g-). |-«

] (6)

} ® Both are order params for DCSB. Chiral pion has a finite domain of qq support. |

e Y e e e R R el . o e T e e T i ] e T . . e e— T ey N iy g M e S, e W = .
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QCD: Two In-Hadron Quantities

_ lf‘r P/.l e (Olé}/S)/ﬂ(”n)

A g4 - ,
d q . | V5w
= Z-(&, A)trep > )41)/5}/“5(_(]_;;_)1—‘;7(01 P)S(g_), | — = I'n)——
2JT

(5)

—(Olgiysqlm)

A g4 ~
. d’q s /5
Z4(Z, A) trep 7V55(g+)'=(q: P)S(q-). - - —
(2m)

(6)

ipr

® Both are order params for DCSB. Chiral pion has a finite domain of qq support.

® Both cease to exist more than a strong interaction length from host meson

e e e I L S—— e S - g e ey e p—— T e I Oy i S TR
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QCD: Two In-Hadron Quantities

lf‘r Pu e (O|<?}’5)’#(1|7T)

A 44 N ]
d'q . | | 5
= Z-(&, A)trep % )41)/5}/“5(_q+ 'x(g: P)S(g_), | — = I')y——
LIJT

(5)

—(Olgiysqlm)

A + ~
. d’q _— | /5
Z4(Z, A) trep 7V55(g+)'=(q: P)S(q-). - —
(27)

(6)

ipr

® Both are order params for DCSB. Chiral pion has a finite domain of qq support.

® Both cease to exist more than a strong interaction length from host meson

AT uark condensate
. : dq 5 9
e I%}Lno f: (0l@avsalm), = —Za(p, A) trcd/ (27)" So(q; 1) = <qq>t/
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QCD: Two In-Hadron Quantities

_ lf‘r P/.l e (Olé}/S)/ﬂ(”n)

A g4 - ,
d q . | V5w
= Z-(&, A)trep > )41)/5}/“5(_(]_;;_)1—‘;7(01 P)S(g_), | — = I'n)——
2JT

(5)

—(Olgiysqlm)

A g4 ~
. d’q s /5
Z4(Z, A) trep 7V55(g+)'=(q: P)S(q-). - - —
(2m)

(6)

ipr

® Both are order params for DCSB. Chiral pion has a finite domain of qq support.

® Both cease to exist more than a strong interaction length from host meson

| 3 A g4 : quark condensate
® 11mO £, 0|gvsa|m), = —Za(p, A) trcd/ (27;)14 So(q; p) = <qq>t/

m—

® There is no reason to interpret either one as a mass scale that fills the vacuum

e e e I L S—— e S - g e ey e p—— T e I Oy i S TR
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QCD: Two In-Hadron Quantities

lf‘r Pu e (O|<?}’5)’#(1|7T)

A 44 N ]
d'q . | | 5
= Z-(&, A)trep % )41)/5}/“5(_q+ 'x(g: P)S(g_), | — = I')y——
LIJT

(5)

ipr = —(0lgiysq|m)

A g4 ~
. d’q — /5
=Za(C, XN) Hcp 7V55(g+)'=(q: P)S(q-). - —
(2m)

(6)

® Both are order params for DCSB. Chiral pion has a finite domain of qq support.

® Both cease to exist more than a strong interaction length from host meson

| 3 A g4 : quark condensate
o 11mO £, 0lqysql|m), = —Za(p, A) trcd/ (27;)14 So(q; i) = <QQ>J/

m—

® There is no reason to interpret either one as a mass scale that fills the vacuum

® But,does (0|qv5q|m) play a role in hadron physics? Yes, because........

e R e o N, _ e . -, 5 R R e o e D e 9 2 e mr—p— e T e, e ——
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Exact Mass Relation for Flavor No'n—Single’r PS Mesons

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :
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Exact Mass Relation for Flavor No'n—SinglewL PS Mesons

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

_iP, T5,(k;P) = S} (k+P/2) 5= +75= S ' (k—P/2)—2m,, T'5(k; P)

lul -3

°2
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Exact Mass Relation for Flavor No'n—Single’r PS Mesons

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

."‘-\.

—iP, T, (k;P) = S 1 (k+P/2) 75 “1(k—P/2)—2m, T';(k; P)

lul -3

2"

LS e Lk
@i — Ol — s — G I‘W(k2;0):ify57-4 f(())()_|_...

i
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Exact Mass Relation for Flavor No'n—SinglewL PS Mesons

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

—iP, T, (k;P) = S~ (k+P/2) 155 ; S-1(k—P/2)—2m, I'5(k; P)

3trSgt(k)

0
-l-?r

e m,=0P=0 =GTq: I'.(k*0)=ivs T + --- ie, Goldstone Thm
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Exact Mass Relation for Flavor No'n—SinglewL PS Mesons

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

—iP, T5,(k;P) = S~} (k+P/2) %Jr; S—1(k—P/2)—2m, T's(k; P)
f P , 1pn
Dol P) 5t b b s
) . 7trSgt(k) .
o mMm,=0P=0 =GTy: I':(k%0)=iysT 70 + --- 1e, (Goldstone Thm
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- Exact Mass Relation Fof Flavor No-n—SinglaL PS Mesons:

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

—iP, T5,(k;P) = S~} (k+P/2) §+; S—1(k—P/2)—2m, T's(k; P)
f P , 1pn
Dol P) 5t b b s
3trSgt(k)

e m,=0P=0 =GTq: I'.(k*0)=ivs T

. + --- ie, Goldstone Thm

" —_— * 2 4 b [ g® . -
e my+0: = fm;=2mgp;(mg) [forall m,, all ps mesons
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- Exact Mass Relation Fof Flavor No-n—SinglaL PS Mesons:

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

PCAC = (§(x)a(y) (3, Js, = 2mgJs)) = AV — WTI :

—iP, T5,(k;P) = S~} (k+P/2) §+; S—1(k—P/2)—2m, T's(k; P)
f P , 1pn
Dol P) 5t b b s
3trSgt(k)

e m,=0P=0 =GTq: I'.(k*0)=ivs T

. + --- ie, Goldstone Thm

" —_— * 2 4 b [ g® . -
e my+0: = fm;=2mgp;(mg) [forall m,, all ps mesons

o rps(n)=—(0]|G759|ps) _J@:

S—— e D i, e e — - - - - = p— - E
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Flavor Non-singlet PS Mass Relation

pion mass [GeV]

O
bo

KENT STATE

o
o)

Jam

2 __
=

2mq(p) pr (1)

<
~

— pseudoscalar meson, BSE solution | |
—— Gell-Man-Oakes-Renner relation

1 l 1 1 1 1 I 1 1 1 1 I 1 | 1

10 15 20 1+
m_/m mstrange

q up/down

i fr Py = (0] @5 Yuq |7)
i pr = — (0] @iys q|m)

lim

m—0 Jm P = _<QQ>,UJ

_<QQ>Z = [x(m) pr(m)

PM, Roberts, Tandy, PLB420, 267 (1998) [nucl-th/9707003]
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Inaccuracy of GMOR

q() case:

22 | | | R B W~

2+ T e -
b o _/’/-

-~ I—v‘-——._——i/ -

18F P . _
- Z ”~ f—-'/'
5 - //.f _ _
- ‘,/" e s e
” F g S o
Fd ',/ ",r’
s 3 /‘/"- > el s -’ -
”/- - ’, v ”f —
,// — PS mass relation (DSE fit) .
A m p. K* D* (Expt) -
4 a M, DSE cale N
o Mp DSE cale
e n. K D (Expt) 7
—— GMOR mass relation -
1 l 1 L 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l 1
04 06 08 1 . 14

m (=1 GeV) (GeV)
GMOR: 0.2%(7);  4%(K); 14%(0.4GeV); 30%(D)
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New Concept of In-hadron Condensates

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — an exact result in QCD
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New Concept of In-hadron Condensates

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — an exact result in QCD

R - | 5 |
: For all mq t]:-H :II"‘IFH =2 111[:]':.|” ) Pps L Mg ) - ®—

Pps(i) = —(0|q75q|ps)

= . T R = = - e
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New Concept of In-hadron Condensates

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — an exact result in QCD

5
. ) ; / \ I
For all mg t]:-h' :"'-.I]_IH = 2 Mg | I,Hﬁ'l Pps fjh' Mg ) — = —®_

pps(1t) = —(0| a5 q| ps)
Chiral limit

. 2 ‘ v aq T LDy S s _ -
fps Mps = 2mgq(p) ——— + O(my) , "GMOR”, today]

ps

ps

- — —— O S
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New Concept of In-hadron Condensates

- Maris, Roberts, PCT, Phys. Lett. B420, 267(1998) — an exact result in QCD

V5
) oy i # " ——
- i For all my fpe :"‘IFH = 2myg(p) pps(p, M) — = _C:D_

pps(1t) = —(0| a5 q| ps)
Chiral limit

{_1{1 L

fpe hI}‘ZH — 2mg(p) - + f:?'{m{:l} , ["GMOR”, today]
ps

In-pion condensate:

E

:Elql,z =3 fﬂ ITcs [ Y5 i?(k —P)
J k

f= (0] @(0)vs q(0) [7(P))p

- — = = — O S
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New Concept of In-hadron Condensates

' Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — an exact result in QCD

. 5
. Ll ] g I 1 —
- i For all my fpe EI;H = 2myg(p) pps(p, M) — = _C:D_

pps(1t) = —(0| a5 q| ps)
Chiral limit

(aq 1

fo M2, = 2mg (1) - +0O(m?2), ["GMOR’",today]

ps
ps

In-pion condensate:

E
(@q),, =i fr tres [1.: 75 Xr(k; —P) = £ (0] q(0) 5 q(0) |7(P)).

lim (qq), = (qq).
Mg—0

n— S R —————— —— s . A e —
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Confinement Implies all QCD
Condensates are within Hadrons
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Confinement Implies all QCD
Condensates are within Hadrons

* Lattice-QCD and DSE modeling find that the dynamically generated IR masses °
of the gluon and u/d quarks are about 0.4-0.6 GeV

* Gives dynamical suppression of low momenta of these virtual fields in hadrons
| ¢ Gives suppression of wavelengths > 1-2 fm of
*  Vacuum fluctuations? Casimir effect----interpretation under debate today:

*  “No evidence for vacuum QCD fluctuations in absence of matter”---R. Jaffe,
New Scientist, Feb 2012.

'*  Quark and gluon “propagators” are non-observable intermediate elements of
theory fo be used in construction of color singlet observables

®* QCD Sum Rule approach: color singlet current-current correlators involve
finite size matter distributions at one vertex; params are fixed by observable
hadron data

- * No virtual quark-gluon d.o.f. is needed more than a strong interaction distance
from color singlet matter
*  Lattice-QCD signal for quark condensate is pionic due to Goldstone/GT reln r_"

KENT STATE 22 PASCOS 12 Merida v
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Modern Context for Ladder-Rainbow Kernel

Landau gauge, lattice — QCD gluon propagator,
I.L.Bogolubisky etal., PosLAT2007,290 (2007)

DSE Studyw/ modern n — pt fns
A.C.Aguilar etal.,arXiv : 1010.5815 (2010)
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Modern Context for Ladder-Rainbow Kernel

8 AL L) LI | LI | WL T
| = fL”:gFmpagmr Landau gauge, lattice — QCD gluon propagator,
| Sl 2 N laticep 271 LL.Bogolubisky etal., PosLAT2007, 290 (2007)
6 g ® L=72
#  L=80
— it DSE Studyw/ modern n — pt fns
— A.C.Aguilar etal., arXiv : 1010.5815 (2010)
3 4-
S. Identified enough stength for physical DCSB
3 2
2- = m. (k") mg(0) ~ 0.38 GeV
o1+
1E-3 0,01 0.1 1 10 100
q [GeV]
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Modern Context for Ladder-Rainbow Kernel

8 | ™ T LA L LR L
| i fL”:gmemr Landau gauge, lattice — QCD gluon propagator,
1 T e dg, Lattce p=s. I.L.Bogolubisky etal., PosLAT2007,290 (2007)
6 e L=72
4 L=80
— it DSE Studyw/ modern n — pt fns
— A.C.Aguilar etal., arXiv : 1010.5815 (2010)
>
o 4
S. Identified enough stength for physical DCSB
3 :
24 = mG(k ) mg(0) ~ 0.38 GeV
S N S ... ». gluon mass runs, gluon is confined
1E-3 0,01 0.1 1 10 100 \
q [GeV]
2 2 don
KRL Al (q°)
BSE 2
m¢(q?) + q?
- &eﬂ"(O'l) 0.0
E = = ~3—4 0 1 2 3 4
k* (GeV?)
-' constant mass, unconfined gluon
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Qu-lattice S(p), D(q) mapped to a DSE kernel

S(p) = Z(p)[i p+ M(p)] "

e Old data
l ' ' + New ’improved action’ data
— m = 0.168GeV
05 — m = 0.030GeV
— m = 0.225GeV
04 — m = 0.055GeV
— m_ =0.110GeV
> q
> — m_=0.0GeV
=03 —
3 R
=
0.2
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0/Gq|0),

AN
Y s P - et e B

I
- v gl W B o e e

el g i o e el

» ‘_‘_jl_l‘_,...__,__-.“. ekl g e e

:
3

— B e - R e e T - =

R .
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0| Gq|0),

Sl

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives 1111;,?r o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

=
- - T — - . e ——— g i =" e e | [ ——— e I _ -, i
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0| Gq|0),

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives 1111;,;3r o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

e (m|Hj, | m) was then a mass scale of internal m dynamics inferred from current algebra

1

e B e D i, e g i e p—— oy ey e R R —— e S —
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0| Gq|0),

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives ﬂli o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

e (m|Hj, | m) was then a mass scale of internal m dynamics inferred from current algebra

® Used soft pion arguments: (7 |Hg|7) ~ (gs|Hg|gs) ~ (0 |Hg,| 0)

S e — A —— R I S S T ——— o — o e - p— -
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0| Gq|0),

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives ﬂli o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

e (m|Hj, | m) was then a mass scale of internal m dynamics inferred from current algebra

® Used soft pion arguments: (7 |Hg|7) ~ (gs|Hg|gs) ~ (0 |Hg,| 0)

o In QCD: Hsb:/quq:/mq(quR+QRQL)

S e — A —— R I S S T ——— o — o e - p— -
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mg(u) (0|gq|0),
LT — il 1 q }I- i .||:

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives ﬂli o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

e (7|Hs, | m) was then a mass scale of internal m dynamics inferred from current algebra

® Used soft pion arguments: (7 |Hg|7) ~ (gs|Hg|gs) ~ (0 |Hg,| 0)
e InQCD: Hg = /qmqq: /mq (drar + rqr)

® BUT, (0|qq|0) was meant to approximate a hadron matrix element, not VEV

S—— e D i, e e — - - — = p— oy ey e T R =
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Does this contradict GMOR Relation?

Today's useage : 2 m? = 2mgq(u) (0| Gq|0),

Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

e Derives 1111;,;3r o< (m|Hgp, |m) Prior to Lqgcp(x), concept of current quarks, - - -

_:. e (m|Hg, |7m) was then a mass scale of internal 7 dynamics inferred from current algebra

® Used soft pion arguments: (7 |Hg|7) ~ (gs|Hg|gs) ~ (0 |Hg,| 0)
e InQCD: Hg = /qmqq: /mq (drar + rqr)

® BUT, (0|qq|0) was meant to approximate a hadron matrix element, not VEV

{ e no contradiction, but DCSB as a vacuum phenomena took root as a neat idea

i
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A Note of Caution: Casher & Susskind (1974)

Chiral Magnetism (or

Magnetohadrochironics)
A. Casher and L. Susskind, Phys. Rev. D9 (1974) 436

1
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A Note of Caution: Casher & Susskind (1974)

The spontaneous breakdown of chiral symmetry
in hadron dynamics is generally studied as a vac-
Chiral Magnetism (or uum phenomenon.! Because of an instability of the
Magnetohadrochironics) chirally invariant vacuum, the real vacuum is
A. Casher and L. Susskind, Phys. Rev. D9 (1974) 436 “aligned” into a chi ic configuration.

theory exists in which the properties of the vacu-
am state are not relevant. This is the parton or
constituent—approach formulated in the-infinite=-
momentum frame.? A number of investigations
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A Note of Caution: Casher & Susskind (1974)

The spontaneous breakdown of chiral symmetry
in hadron dynamics is generally studied as a vac-
Chiral Magnetism (or uum phenomenon.'! Because of an instability of the
Masv\e_&akadroﬁkaromacs) chirally invariant vacuum, the real vacuum is
A. Casher and L. Susskind, Phys. Rev. D9 (1974) 436 “aligned” into a chi ic configuration.

theory exists in which the properties of the vacu-
am state are not relevant. This is the parton or
constituent—approach formulated in the-infinite-
momentum frame.? A number of investigations

* Authors argue that DCSB can be realized as a property of hadrons
* No need for a non-trivial vac exterior to the measurable d.o.f

* Compatible with light-front field theory with its frivial vacuum

* Infinite # d.o.f. is the essential element for DCSB

®* Brodsky and Shrock picked up this theme & advocate max
wavelength for quarks and gluons (relative to matter)

* Brodsky and Shrock advocate LF-QCD gives cosmological const = O
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Condensates of Confined Fields

PHYSICAL REVIEW C 82, 022201(R) (2010) WEIRD MATER The 1trangenes o the heart of Nepture

New perspectives on the guark condensate

Stanley J. Brodsky,' Craig D. Roberts,** Robert Shrock,” and Peter C. Tandy®
\SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94309, [J5A
XCentre for Particle Physics Phenomenology: CP2-Origins, University of Southern Denmark, Odense 5230 M, Denmark
} Physics Division, Argonne National Laboratory, Argonne, Hllinois 60439, USA
A Department of Physics, Peking University, Beifing 100871, China
SC.N. Yang Institute for Theoretical Physics, Stony Brook University, Stony Brook, New York 11794, USA
SCenter for Nuclear Research, Department of Physics, Keat State University, Kent, Ohio 44242, USA
(Received 25 May 2010; published 18 August 2010)
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Condensates of Confined Fie

PHYSICAL REVIEW C 82, 022201(R) (20107

New perspectives on the guark condensate

Stanley J. Brodsky,' Craig D. Roberts,** Robert Shrock,” and Peter C. Tandy®
\SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94309, [J5A
XCentre for Particle Physics Phenomenology: CP2-Origins, University of Southern Denmark, Odense 5230 M, Denmark
} Physics Division, Argonne National Laboratory, Argonne, Hllinois 60439, USA
A Department of Physics, Peking University, Beifing 100871, China
SC.N. Yang Institute for Theoretical Physics, Stony Brook University, Stony Brook, New York 11794, USA
SCenter for Nuclear Research, Department of Physics, Keat State University, Kent, Ohio 44242, USA
(Received 25 May 2010; published 18 August 2010)

A d4q
rgino . <O| (_l’Y5Q|7T>u L —Z4(M7A) treq W SO( ;,LL) == <(_IQ>M
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Condensates of Confined Fields

PHYSICAL REVIEW C 82, 022201(R) (2010) WEIRD MATER The 1trangenes o the heart of Nepture

New perspectives on the guark condensate LA\ 'l i i
Stanley J. Brodsky,' Craig D. Roberts,”* Robert Shrock,” and Peter C. Tandy® !_9}'_’,!"”@:..\'2'3 c
\SLAC National Accelerator Laboratory, Stanford University, Stanford, California 94309, [J5A
XCentre for Particle Physics Phenomenology: CP2-Origins, University of Southern Denmark, Odense 5230 M, Denmark
} Physics Division, Argonne National Laboratory, Argonne, Hllinois 60439, USA
A Department of Physics, Peking University, Beifing 100871, China
SC.N. Yang Institute for Theoretical Physics, Stony Brook University, Stony Brook, New York 11794, USA
SCenter for Nuclear Research, Department of Physics, Keat State University, Kent, Ohio 44242, USA
(Received 25 May 2010; published 18 August 2010)

A d4q
lim £ (0[q7s q|m), = —Za(p, A) trcd/ (amyd Soldi ) = (ad )y

* So-called vacuum chiral quark condensate is really a property of the
Goldstone boson BSE wavefunction

* Its a constant mass scale that does not leak outside of its containers

(hadrons): An in-hadron condensate.
LirS 1 (k
*  Above relation is dictated by DCSB: GTq: Tx(k%*0) =iys 74 - f',]:, L + - -

! * (l1-body problem and 2-body problem coincide)

{ * Removes the 46 orders of magnitude in QCDs vacuum energy over-
' estimate of cosmological constant
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Doesn't the pion get fat and fill all
space in the chiral limit?
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Doesn't the pién get fat and fill all

space in the chiral limit?

(So its in-pion condensate of quarks is spread throughout the
vacuum?)

Indeed the em charge radius of the pion does diverge in chiral limit
due to virtual chiral meson loops

But, its due to the virtual tightly correlated PS qqgbar pairs that
fluctuate far from the pions qgbar core

There is no quark separated more than a strong interaction length
from a gbar

The in-hadron condensate is the qqbar-projected bound state
wavefunction at zero separation---it is never in the vacuum

The large distance fluctuations of virtual PS qqgbar pairs carry their
condensates inside them, the vacuum/void is left as is---empty
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In-hadron Condensate and Scalar Charge |

Recall Behavior of current divergences under SU(3) x SU(3), i Infr x {m|Hgp |7)
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199
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In-hadron Condensate and Scalar Charge

Recall Behavior of current divergences under SU(3) x SU(3), — In?r x (m| Hgp |m)

Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

- YRR [P g .

Expanding the concept of in-hadron condensates
Lei Chang, Craig D. Roberts and Peter C. Tandy
arXiv:1109.2903 [nucl-th], Phys. Rev. C85 (2012) 012201(R)

3(my) = 2my ((P) [ga|7(P)) = 2mq o m? = 2m, 5,(0)

T

o Vmy~0, m;

om,,

e Scalar charge: S,(0) = (7n(P)|qq|#(P)) = Qlim Fs.(Q%)
2_.,0
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Recall Behavior of current divergences under SU(3) x SU(3),
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

Expanding the concept of in-hadron condensates
Lei Chang, Craig D. Roberts and Peter C. Tandy
arXiv:1109.2903 [nucl-th], Phys. Rev. C85 (2012) 012201(R)

e Vmg~0, mi(mg) = 2mgy(7(P)|ga|r(P)) = 2my

Q2

In-hadron Condensate and Scalar Charge

m? o (mw|Hgp |7)

9 m? = 2mg S;(0)

om,,

e Scalar charge: S,(0) = (7n(P)|qq|n(P)) = 11m Fs..(Q?)

e Canshow: lim f?S,(0) = Zy(u, A) Tra So = —(qq),

mq—0

=S e —— i e — P . o i
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In-hadron Condensate and Scalar Charge

Recall Behavior of current divergences under SU(3) x SU(3), — In?r x (m| Hgp |m)
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

Expanding the concept of in-hadron condensates

Lei Chang, Craig D. Roberts and Peter C. Tandy
arXiv:1109.2903 [nucl-th], Phys. Rev. C85 (2012) 012201(R)

9 m? = 2mg S;(0)

T

e Vi, ~ 0, mi(mq) = 2mq<7T(P) laq|m(P)) = 2mg P
q

e Scalar charge: S,(0) = (7n(P)|qq|#(P)) = Qlém Fs.(Q?)

e Canshow: lim f?S,(0) = Zy(u, A) Tra So = —(qq),

mq—0

® Thus (qq), describes internal dynamics of the chiral 7, not the vacuum
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In-hadron Condensate and Scalar Charge

Recall Behavior of current divergences under SU(3) x SU(3), — In?r x (m| Hgp |m)
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

Expanding the concept of in-hadron condensates
Lei Chang, Craig D. Roberts and Peter C. Tandy
arXiv:1109.2903 [nucl-th], Phys. Rev. C85 (2012) 012201(R)

9 m? = 2mg S;(0)

T

e Vi, ~ 0, mi(mq) = 2mq<7T(P) laq|m(P)) = 2mg P
q

e Scalar charge: S,(0) = (7n(P)|qq|#(P)) = Qlém Fs.(Q?)

e Canshow: lim f?S,(0) = Zy(u, A) Tra So = —(qq),

mq—0

® Thus (qq), describes internal dynamics of the chiral 7, not the vacuum

r Yo - -2 2 _ o« ! = Y . . . . .
e Today's useage: f7m7 = 2mg(x) (0/9q|0), jnvites unjustified conclusions
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In-hadron Condensate and Scalar Charge

Recall Behavior of current divergences under SU(3) x SU(3), — In?r x (m| Hgp |m)
Murray Gell-Mann, R.J. Oakes, B. Renner, Phys.Rev. 175 (1968) 2195-2199

Expanding the concept of in-hadron condensates
Lei Chang, Craig D. Roberts and Peter C. Tandy
arXiv:1109.2903 [nucl-th], Phys. Rev. C 2012) 012201(R)

9 m? = 2mg S;(0)

T

e Vi, ~ 0, mi(mq) = 2mq<7T(P) laq|m(P)) = 2mg P
q

e Scalar charge: S,(0) = (7n(P)|qq|#(P)) = Qlém Fs.(Q?)

e Canshow: lim f?S,(0) = Zg(u,A)Trp So = —(qaq),

mq—0

® Thus (qq), describes internal dynamics of the chiral 7, not the vacuum
o -2 2 _ o« ) = i1 . . . . .
® Today's useage: fZm; = 2mq(p) (0/aq(0). jnvites unjustified conclusions

e Can be extended to scalar charge of vector and scalar mesons, baryons
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Hadronic Charges (H(P)|gOq|H(P))
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Hadronic Charges (H(P)|gOq|H(P))

O =7, Qv, = baryon number, electric charge

“ »
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Hadronic Charges (H(P)|gOq|H(P))

O =7,, Qv, = baryon number, electric charge

O = 75, = axial charge

Hw"’@
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Hadronic Charges (H(P)|gOq|H(P))

O =7,, Qv, = baryon number, electric charge

O = 75, = axial charge

O = 0, = tensor charge

Hw"’@
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Hadronic Charges (H(P)|gOq|H(P))

O =7, Qv, = baryon number, electric charge

O = 75, = axial charge

O = 0, = tensor charge

~ . \aq,)
() =1 = scalar charge, Im = —
m—:U t:
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Hadronic Charges (H(P)|gOq|H(P))

O =7,, Qv, = baryon number, electric charge

O = 75, = axial charge
O = 0, = tensor charge

() =1 = scalar charge. lim = —*
m—:U t;

They are all properties internal to hadrons.

Why use a different interpretation for the O = 1 case?
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QCD Sum Rule Approach

QCD and Resohnance ‘Ph-jsi,cs. Sum Rules,
M.A. Shifman, A.l. Vainshtein, and V.l. Zakharov
Nucl.Phys. B147 (1979) 385-447; citations: 3713

Current — current correlators II(x—y)= (0| T J(x) J(y) |0)

X
2

OPEeg: TIJ(x)J(y) =32, Cu(x—y) Ny )

Introduced vac gluon condensate : & (0| G,.,G""|0) ~ (0.33 GeV)*
718

Calculate II [ie the C/ s| from spacelike UV end perturbatively

Analytic (Borel) continuation to timelike end, fit universal (0| N,(0) |0) to hadron data

Today we have extremely well constrained representations of npQCD to calculate
II(x—y) without recourse to QCD condensate phenomenology at a few leading
orders at uv end

Thursday, June 7, 2012




Lattice-QCD Simulations of Gauge Sector
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Lattice-QCD Simulations of Gauge Sector

Topological structures in “vacuum” energy density after some amount
of cooling

No physical length scale identified

No matter (eg quarks) present, cant relate to physical observables

[ R
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Many Ways to Obtain the Chiral Quark Condensate
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Many Ways to Obtain the Chiral Quark Condensate

® (qq),=—Z4(p,A) treq / 8:)14 So(a; 1)
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Many Ways to Obtain the Chiral Quark Condensate

l“F ™TT T TFT T g e
& d'q f R
o (qq),=—Za(p,A) trcd/ 2 So(a; 1) o W
. 9, large—p ZWEWH — (1 .}:]
o i“'.ff!'.[j[;'[}h) — f 3 ' ;‘;. 1 —
' »* | Lln [ P })
! (‘ "\Lng_'l'J
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Many Ways to Obtain the Chiral Quark Condensate

10 TTT T T F]
,F
A dig z A
® (qq)u = —Zs(pt, A) treq / 28 So(q; 1) o ]
7 § 2 0 _ _ borom quark | .
Vin( 2, large—p~ 27 Y — \4q/ Y| chame quark L 3
o Mo(p?) = 3 ) 1—%m | s | T RO
) . 2 ! r chiral limit =
I}E (% 111 [ ‘l!‘-?-r"l } ) |' 1-oop pQCD evolution ; 1
- QoD 000} R T Gl T

p [GeV]

® Via PS proj” at r = 0 of PS bound state win: (qq), = 1im0 f. (0|lqvsq|ps),
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Many Ways to Obtain the Chiral Quark Condensate

<qq>,u = _Z4(:u7 A) trcd‘/ SO(q; :LL)

_.:l 2‘1-'_-2.'-\.;
i .rf”

3 . (
P :

/= 0
— (q9q)

M ( ;‘}E )

)"

Mip) [GeV )

[ bonom quark
1= charme quark
E | — suange quark y
pp'down quarks -
Fl chiral limmt

r 1-oop pQCD evolution

Lild i | 1 1 1 L1 1l I | A Ll | - I. A1 4 1 1 5111
e 7 1 10 100
p [GeV]

Via PS proj” at r = 0 of PS bound state wfn: (qq), = 1im0 f. (0|lqvsq|ps),

(0. ¢)

Via Casher —Banks formula: (gq), = lim —2m

P@(A)
d
A)\2+m2
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Many Ways to Obtain the Chiral Quark Condensate

A diq F G
® <qq>,UJ o _Z4<IU’7 A‘) ter/ (27_(_)4 SO(qJ Iu’) ;‘ - . - — e ——-_é
> o bW e S S,
1 2 QA ¥ ; r;‘-” [ = vonom quans 1
) 2 arge o fl .”” — h'E'_ ch:.-qu!ur: ’ | 3
o My(p) — 3 - r— 1= ﬁ;qk ‘ i e
" .-}E l_;. ]11 |: ‘31”_' } ) - 1-doop pQCD evolution : 1
j ( 2 ‘.\LEQ'(.'I.]' 000} TR I] . | I;Hfi-l il T
® Via PS proj” at r = 0 of PS bound state wfn: (qq), = 1im0 f. (0|lqvsq|ps),
® Via Casher—Banks formula: (qq), = lim —2m Ood)\ Pp (M)
= m—0 0 A2 -+ m?2
@ Viascalar charge: (qq), = limO fo (M |q(0)q(0) | M),,M = PS, S Mesons
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Many Ways to Obtain the Chiral Quark Condensate

o <EIQ>/L:_Z4</L>A)trcd/ ((21:)14 So(q; 1) o — ]

Mip) [GeV )

— h‘nr.r:. quark

2 ) 0
B Y =, I \ A o
lal':—i“ i 2“ IFIFH Irl" Iri" = charme quark ‘ . E
.

. E . .
. J.:l:jl{:l [:‘}_} ) — ‘3 j _]. Y 11 : = ::;‘i:fﬂ;ks — _____:
" 2 ! ri chiral lomt 1
p? (% In [ 7 } ) [ L _ |
2 _-"!._{_-2{_.‘1.} 0.001 | T L L 1% 1a el S T 0 6

0l | 10 100
p [GeV]

® Via PS proj” at r = 0 of PS bound state wfn: (qq), = 1im0 f. (0|lqvsq|ps),

(0. ¢)

A
® Via Casher—Banks formula: (qq), = rLiLnO —2m : dA )\2,0;1( n)a2

@ Viascalar charge: (qq), = lim f3; (M]q(0)q(0)|M),,M = PS, S Mesons

mq—0

® Via PS or AV current — current correlators in lattice — QCD
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DCSB in Pion in LF Field Theory & its Trivial Vacuum

New Perspectives on the Quark Condensate,

-
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DCSB in Pion in LF Field Theory & its Trivial Vacuum

New Perspectives on the Quark Condensate,

* Higher Fock state components & the LF instantaneous interaction
can combine to simulate the required helicity non-conservation

* Effect would look like a dynamically generated mass function
* Infinite # d.o.f. is the essential element for DCSB

* Does this in fact happen? Under investigation.
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Summary

Condensates in QCD and the Cosmological Constant, S.J. Brodsky& R.Shrock, Proc. Nat. Acad.
Sci., 108, 45 (2011).

New Perspectives on the Quark Condensate, S.J. Brodsky, C.D. Roberts, R.Shrock&P.C.Tandy,
Phys. Rev, C82, 022201 (2010).

Expanding the Concept of In-hadron Condensates, L.Chang, C.D. Roberts&P.C. Tandy,
Phys. Rev. C85, 012201 (2012)

1 Confinement Contains Condensates, S.J. Brodsky, C.D. Roberts, R.Shrock&P.C.Tandy, Phys. Rey,
Cxx, accepted (2012).
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Summary

* Presented strong evidence that quark condensate is better thought of
as a hadron property---explict ps & scalar meson matrix elements
given

Would solve the QCD vac energy problem for the Cosmological
Constant

* Assumed confinement. Consistent with the dynamically genentated IR
mass scale (max wavelength of confined fields in hadrons)

* Suggests all the “vac condensates” of QCD Sum Rule fame are really
inside hadrons

Condensates in QCD and the Cosmological Constant, S.J. Brodsky& R.Shrock, Proc. Nat. Acad.
Sci., 108, 45 (2011).

New Perspectives on the Quark Condensate, S.J. Brodsky, C.D. Roberts, R.Shrock&P.C.Tandy,
Phys. Rey, €82, 022201 (2010).

Expanding the Concept of In-hadron Condensates, L.Chang, C.D. Roberts&P.C. Tandy,
Phys. Rev. C85, 012201 (2012)

Confinement Contains Condensates, S.J. Brodsky, C.D. Roberts, R.Shrock&P.C.Tandy, Phys. Rey,
Cxx, accepted (2012).
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Lattice-QCD and DSE-based modeling

® Lattice: (O) = [ DgqG O(q,q,G) eS¢
s Euclidean metric, x-space, Monte-Carlo

s |ssues: lattice spacing and vol, sea and valence m,,
fermion Det

s Large time limit = nearest hadronic mass pole

® EOMSs (DSEs): 0 = | DgqG 5_;2?) e—Sl0.4.G1+(1.0)+(@n)+(J.G)

s Euclidean metric, p-space, continuum integral egns

s Issues: truncation and phenomenology —not full QCD
s Analtyic contin. = nearest hadronic mass pole

s Can be quick to identify systematics, mechanisms, - - -

37
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Ladder-Rainbow Model Landau gauge only

® Kpsp — =5 Amaes(q?) Di(q) 7o

> CYOH‘(QQ) % <QC]>M:1 GeV — —(240M6V)3 , Incl vertex dressing
® Ofeff<q2) U—>_V CV;_IOOP(QZ)
p-k
) ) 579;3%%%
P = P +
® ®
k

See Si-xue Qin,
® P. Maris & P.C. Tandy, PRC60, 055214 (1999) Tues pm for new
M,, My, My good t0 5%,  f,. f. fic- §00d 10 10% simplified model

CAJ
58 e
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Environmental Dependence of Valence u(z)
Nguyen, Bashir, Roberts, PCT, arXiv : 1102.2448 (2011).

1 .2 | | | | | | | | | | | | | | | | | | | | | | ]
R :
lB—"" 1 T\ ]

0.8 -

u/u_0.6 — — scale invariant
I ® 1-N Drell-Yan, <Q2> =27 GeV’ A N - 1 /

0.4 Q° =27 GeV", Full BSE
| ——- Q=27GeV’ (=¥, v.yP; q.P=0) 1

02F =
O | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 0.2 04 0.6 0.8 1

e CERN-SPS data: J. Badier et al, PLB 93, 354 (1980)  (valence is not isolated)
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The 2009 BaBar data
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The 2009 BaBar data

k-indepn gluon propagator : H.Roberts, C. Roberts, A.

Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067

(point-pion)
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The 2009 BaBar data

¢.(X) = constant

¢7Z'(X) ~ X(1 _X)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067
(point-pion)
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The 2009 BaBar data

¢.(X) = constant

¢7T(X) ~ X(1 _X)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067
(point-pion)
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The 2009 BaBar data

O (X) = COnStant(p'I' pion)

¢7T(X) ~ X(1 _X)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067
(point-pion)
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The 2009 BaBar data

O (X) = COnStant(p'I' pion)

monopole fit to QCD-DSE calc (MT) = 7/8 pQCD

STATE

| 10 ”15” 20 25 30
@ (GeV?)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067
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The 2009 BaBar data

O (X) = COnStant(p'I' pion)

monopole fit to QCD-DSE calc (MT) = 7/8 pQCD

STATE

| 10 ”15” 20 25 30
@ (GeV?)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067
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The 2009 BaBar data

O (X) = COnStant(p'I' pion)

monopole fit to QCD-DSE calc (MT) = 7/8 pQCD

pt pion 7V5E only

STATE
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| 10 ”15” 20 25 30
@ (GeV?)

| 20 25 30
Q' (GeV?)

k-indepn gluon propagator : H.Roberts, C. Roberts, A.
Bashir, L. Gutierrez-Guerrero, PCT: arXiv:1009.0067

(point-pion)
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KENT STATE

--- Cloet, Roberts, et al (2010)
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