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Topics:

* Some remarks on how use DSE-QCD modeling methods yourself
* Scale for soft to hard transition in F_(Q?) ?
* Leads fo Pion Distribution Amplitude

*  Asymptotic/conformal QCD is not UV-QCD. Implications for JLAb 12 GeV for
form factors typified by F,.(Q?)

*  Pion transition FF

* Pion Parton Distribution Fns and pion loop contributions

*  Hadron DAs are amplitudes involved in hard exclusive processes, eg F.(Q?)

*  Hadron PDFs are probabilities involved in hard inclusive processes, eq Q- (X)
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To Calculate Meson Observables

ion form factor

Fr(Q%)

decay constant f;

..... N
/#a

Not likely to need an exact QCD result
for the dressed objects required here.
Make an educated guess for a good
approximation, seek forgiveness if you

are really wrong---dont seek
e permission first.

Strong decay p — 7w

k+ P2+ Q2

P+Q2
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DSE-based Modeling of QCD for Hadron Physics

Most common: Rainbow-ladder truncation of QCD’s egns of
motion.

Naturally implements DCSB, conserved vector current, PCAC...

RL truncation only good for vector & pseudoscalar mesons, g-qq
descriptions of baryons with AV and S diquarks. More general BSE
kernel now available.

At the very least: DSE continuum QCD modeling suited for
surveying the landscape quickly from large to small scales; finding
out which underlying mechanisms are dominant.

Unifying DSE treatment of light front quantities (PDFs, GPDs, DA)
with other aspects of hadron structure: masses, decays, charge
form factors, transition form factors.....




Modern Context for Rainbow-Ladder Kernel

rz.q
oY Y

i . i i G'_Uf'; propagator | Landau gauge, lattice — QCD gluon propagator, .
f = Latice p=s.7 I.L.Bogolubisky ectal., PosLAT2007,290 (2007)
o L 7
L5 L=BD
; DSE studies with lattice props
IS Aguilar & Papavassiliou, arXiv:1010.5815
o 4+
O,
=
5 Identified enough stength for physical DCSB
2
o- — | = mg(k") mg(0)~05-07GeV
1E-3 0,01 0,1 1 10 100
q [GeV]
A 2 A
o Ardea(a®) i (0.1)
K = ~3—4
BSE 2 ( 2 2
m¢(q?) +q /I8
A more modern RL Kernel: S. Qin, L.
Chang, C.D. Roberts, D.J. Wilson,
PRC84, 042202 (2011).
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KENT STATE

Summary of light meson results

Vector mesons (PM, Tandy, PRCB0, 055214)
My—q = 5.5 MeV, m; = 125 MeV at p = 1 GeV
My e 0770 GeV 0742
Pseudoscalar (PM, Roberts, PRC56, 3369)
fojw 0.216 GeV 0207
EXPl calc.
- . — M 0.892 GeV 0936
- 0.236 GeV 0.241
9y | ( 02t fis 0.225GeV  0.241
m 01385GeV 0138
N ) Mg 1.020 GeV 1072
00924 GeV 0093
fx ) T 0.236 GeV  0.259
M 0.496 GeV 0.497"
Strong decay (Jarecke, PM, Tandy, PRC67, 035202)
fx 0.113 GeV 0.109
8prn 6.02 5.4
Charge radii (PM, Tandy, PRC62, 055204) Soxk 464 43
2
r 0.44 fm 0.45 P 460 41
I+ 0.34 fm? 0.38 — _
Hadiative decay (PM, nucl-th/0112022)
o -0.054 fm” -0.086
gpmy/ My 0.74 0.69
Yoy transition (PM, Tandy, PRCES, 045211) Zuny/ My 5 31 207
Emyy 0.50 0.50 {gj;*j;-r'fmf:l'l' 0.83 099
2
. 0.42 fm 0.41 (exexy/mx)® | 1.28 119
Weak Kj3 decay  (PM, Ji, PRDB4, 014032) Scattering length  (PM, Cotanch, PRD66, 116010)
Ay(€3) | 0.028 0.027 al 0.220 0.170
[(Ks3) | 76-10°s~1  7.38 : 0.044 0.045
[(Ks) | 52:10°s71 490 al 0.038 0.036
6 oy al

Hadron Physics from DSEs of QCD th,‘_d



Propaga’ror Inﬂec’rlon Point = Confinement

A(p*) = L do g(j_}ﬂ has an inflexion pt at p;

P(ﬂr}

)2 has a minimum
I

Nt =2 [ w2

pi >0 = p(o) is not + ve definite

{NSF



Propaga’ror Inﬂec’rlon Point = ConﬁnememL

1
BG: ALY = {aee e
B

A): MZ(p*) =const = A"(p*) >0

M-i

pﬂ Ve = —2 < ﬂ”[pz) < 400

M (p?) =

Hence for some p{ >0 A”(p{) =0 ie confinement

</NSF



] Confining Representations of Propagators
: & Bethe-Salpeter Equations |

. | 1 7l 1 :
& T _j dqﬂ j J."G, 2 ’ free — — _#T.
s(T) (277)4 s(p”) AS(T) g de COS(ST)82+;,L2 5 ¢

:
. . “ b
X s s : —
; a function with poles at p~+ o~ exp(£if)=0, where
4__ 4 4 — 2 2
5 M 1 1 o=u"+p, tanf=p-/u-,
og(p”)= + :
2\ ptpt—ip* ptpuitip’
prTMTTIpT pTT M TIPT | then
-
L
PHYSICATI REVIEW C 68, 015203 (2003) ,.U- [ 9 9
—oT cosy — 4
Analysis of a quenched lattice-QCD dressed-quark propagator A S ( T] o e cos| o7 sin 9 + p) -
Center for Nuclear Research, Department of Physics, Kent Stal\University, Kent, Ohio 44242, USA ; _ 1" Oid d:“,“‘ o
+ New 'improved action” data
. — m_=0.168GeV
M. A. Pichowsky 1 ) 030GV
Center for Nuclear Research, Department of Physics, Kent Stafe UniveNgity, Kent, Ohio 44242, USA 05 - m-; =0.030GeV
— m_=0.225GeV
I q
C. D. Roberts 045 —m = 0.055GeV
Physics Division, Argonne National Laboratory, Argonne, Illinots 604-4843, USA i~ - _ m =0.110GeV
- - q
S — m_=00GeV
P. C. Tandy —03- q
Center for Nuclear Research, Department of Physics, Kent State University, Kent, Oh _-?
{Received 1 April 2003; published 29 Tuly 2003) = 02
i =
i
' 0.1
1
1 (1]=
b 0 | 3 4
_Ii [GeV]
— — L — L — e e arirm— e e — - s . [ i o e
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Quark Confinement—positivity violation

# Confinement/positivity analysis (Osterwalder-Schrader
axiom No. 3)

® Fourier transf og(p4, p = 0) to Eucl time T

| dp |

0 5 10 15 20 25 30
T (GeV')

solid = lattice prop, dashed = MT DSE, dotted = cc pole eg
*



Bethe-Salpeter Egns of Field Theory

e \ /
Kernel: @*::E:—I—ng:@: + O/Z<\O Y.
amputated (0] T A, (0) q(x) d(y) [0) @w >'\/\: +

3
Ladder Appro p—
PpProx >

- I'y(q,P) P, x const
/ P2 + m?

ro'
N ‘.' ..

Hadron Physics from DSEs of QCD L

In first eqn I',(q; P)

= second eqn for I'}
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! Complex conjugate quark mass poles
: in propagator give REAL meson
:.- masses—-sink = source

F(Q27P2 v _M2) ot p2ii>rilM2 fd4k I(k,P,Q)

I(k7 P? Q) )

Euclidean BSE: requires analytic continuation in
external hadron P? after integration

above” threshold”

R 5
(Y X
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!__ Improvement over Rainbow-Ladder Truncation:
Dressed g-g Vertex -> Ansatz -> 4pt fn
-> General BSE Kernel

A8 M(p?) — M(p?)

50 p) = o {TH* (0", p) = now av | e 14 -}

. M,, — M, = 455 MeV(expt), 115 MeV(DSE — RL), 480 MeV(DSE — DB Kernel)
3 ---L. Chang and C.D. Roberts, arXiv:1104.4821

Kgep from this F""{p y) : L. Chang, C.D. Roberts, PRL 103 081601 (2009)

e e e R e e T i o T R O e e S, — e il
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Pion BSE Wavefn/PDA is Very Tightly Constrained

3trSg (k)

AV - WTI:mgq — 0,P = 0 = Trqq(k®) =ivs = +O(P)
m
. * Its as good as the chiral quark propagator is L ;m_ntr{*f e

. Key to seeing; q condensate is “in-hadron”’ -;”'4;\ |

* Constrained ]39 pion el charge FF (hard & soft)

Khrars ]39 Pion transition FF (CLEO,CELLO,Babar.} ";— —~ Mt okt

p [GeV]

L el bg PDFs & DAs of Pion in exclusive processes (harcl & soft scales)

| - o bﬂ ‘s clecag constant (IR+UV), chiral cluar|< condensate (UV)...

=
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Pion F(Q?%): Low Q)*

(P Maris & PCT, PRC 61, 045202 (2000)
(P. Maris & PCT, PRC 62, 0555204 (2000)

rDOSE — 0.68 fm reXPt — (0.663 + .006 fm

m

numerical DSE solution

T T T T — Ball-ChiuAnsatz

11+ — - — bare vertex
T\ 09 — - 4
30 | I = 47
- SR 08 | T =TT
S a5t : ~marl |
- | 0.7 | 5T T

20 E [ 1 . 1 . 1_.DI:T- h
[ 0.0 01 0.2 l

1.0 Rl _
05 - e TR

0.0

| L 1 " L L L .
-04 -0.2 0.0 0.2 04 0.6 0.8

a VY
ol
g
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Previous DSE Limited Result 2000

P. Maris and P.C. Tandy, PRC62, 055204, (2000)




P.C. 'I:a

P. Maris and

—_-——
e ——
-
-
-
-
-
-
-
-
-
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ndy, PRC62, 055204, (2000)
| | | | |

0.5F -
> - ]
()] B _
S i
— 0.3F e JlLab 2001,6,8 -
S — DSE-LR (MT 2000) -
Lt R VMD p pole -
O 0.2 | |
; + CERN '80s :
- o JLab at 12 GeV ‘p‘QE]‘)jAgy; B
o1 . -
Q Q Q Q Q 0
O ] ] ] | ] ] ] | ] ] ] |
0 2 4 6
Q° [GeV]
. Jab data: G. Huber et al., PRC78, 045203 (2008)
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 Transition from constituent to prdr"ron- qudrk_m |

= Dld data

05t

Mip) [GeV]
&
I

« New 'improved action’ data
— m =0.168GeV

— m_=0.030GeV
— m_ ={0.225GeV
— m_=0.055GeV
— m_=0.110GeV
= 0.0GeV

=

=]

= ]

L B

— M

F.(Q?)
0.2+
FAWAWA
D1 N % B & - wgme . T T saeea
1=
0 | 2 3 4
] \ p [GeV]
1
3
| Q
j SED 2
'E 4G€V2:Q2<:9 E:>Q —SGQV
g g JLAb 12 GeV
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Uncovering The UV Behavior
of The Pion Charge Form Factor

L. Chang, I.C. Cloet, C.D.Roberts, S.M. Schmidt, P.C. Tandy, PRL, October (2013)

\ ion form factor
Pion distribution ampl

Y5V,
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Better/Faster DSE Approach to Form
Factors for Any @2, and PDFs/GPDs,
DAs as defined in light-cone
momenta......eliminate an approximation

Must inform and learn from expt using all available tools: symmeftries,
analytic methods, numerical approaches, intuition, approximation, light-
cone field theory, art of educated guessing; fists, knees, elbows......

KENT STATE 20 Ubatuba May 2014




Feynman Integral Method/Representation

Need all momentum integral variables to appear in denominators that
are powers of quadratic forms, with possible finite powers of momenta in
numerator.

4-dim momentum integrals done symbolically/analytically

Often called the Perturbation Integral Repn, via the Nakanishi Repn [PR
130, 1230 (1963)] of general BSE amplitudes and kernels.

Represent DSE solutions for propagators as a sum of a few free
propagators with complex conjugate masses [LQCD strongly favors this]

Accommodates quark and gluon confinement via violation of spectral
positivity

Calc hadron observables while trusting in "Weinbergs Thm”: QFT has no
essential content other than analyfticity, unitarity, physical mass
thresholds, causality, cluster decomposition,.....efc.

Some of this has been applied to solve the BSE and discuss Minkowski
<--> Euclidean issues and LC issues, eg Karmanov et al, Mathiot et al,..

- R e
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Fit Existing BSE Ampls, DSE solns for S(k)
for Feyn Integral Method

Tx(q°,q-P) =75 {Ex(q*q-P)+ PF.(.)+ dq-P G(.)+0:qP He(.)}

Use Nakanishi Representation (1965) :- F=E F G, orH
pr(; A) puv(o; A)
P) d dA
q S / CV/ { —|—qu P+A2)m+n+(q2_|_aqP+A2)n}

MpQCD nfo is in the variables
pir(a;A) — p1(a) 6(A — Awr,) + -3 and constants that are not

momenka-—-Wick robakion ts

Erivial as in Faerf: Ehv.

. : 2 Works for u-, d b-quarks
(q) = ; i @( + my. 3 qd +m: ]Also for lattice-QCD propagators.

N. Souchlas, PhD thesis KSU, (2009), J. Phys. G37, 115001 (2010)

l Bruno, Eduardo, de Melo et al: lattice gluon prop = lccp repn solve BSE for ,0(041, A; )

S e ———p——— - r%@
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Precise Details of Cbmplex p~2

=

| Behavior of S(p”2) Dont Matter

I. Phys. G: Nucl. Part. Phys. 37 (2010) 115001 N Souchlas

Table 3. Pseudoscalar and vector meson masses: experimental data and calculated masses
using the gap or the 3ccp fit for the quark propagators. In the fourth column of the table we
have the relative percentage differences between the gap and the experimental meson masses:
Am/m®P = (m® — m®P)/m™P, while in the last column we list the relative percentage
differences between 3ccp and gap masses: Am/m®™P = (m’°P — m®P)/m®P. All masses
are in GeV. Experimental data are from [30].

Meson Exp. Gap Am/m®® (%) 3ccp  Am/m®P (%)

M Souchlas

T (Uu) 0.139 0.138 0.7 0.044 —68.1 J. Phys. G: Nucl. Part. Phys. 37 (2010) 115001
p(ut) 0769 0.742 —-35 0.750 +1.1
K (us) 0.494 0497 +0.6 0465 —6.4

Table 5. Pseudoscalar and vector meson electroweak decay constants: experimental data and
calculated constants using the gap or the 3ccp fit for the quark propagators. In the fourth column

K*(us) 0.896 0.936 +4.5 1.00 +6.8 of the table are the relative percentage differences between the gap and the experimental values:
(s5)(fict.) - 0.696 - 0.663 —4.7 Af]fEP = (f8P — foP)/f*P and in the last column we have the relative percentage differences
¢(s5) 1.019 1.072 +5.2 1.078 +0.6 between 3ccp and gap decay constants: Af/ P = (f°P — f&P)/f2%_ All decay constants are
7(c€) 7080 3.035 +18 3007 _0.0 in GeV. Experimental data are from [30].
J[r(cc) 3.097 3.235 +4.5 3.180 —1.7 Meson Exp. Gap Af/fP (%) 3ccp Af/fEP (%)
m(bb) 9300 9585  +3.1 9347 25 @) 0131 0131 00 0.131 0.0
Th) 9460 9685 +2.4 2440 25 puim) 0218 0207 —50 0240  +159
K (us) 0.159 0.155 —2.5 0.155 0.0
K*(us) 0.225 0.241 +7.1 0.218 —0.5
. (55) — 0.182 - 0.184 +1.1
: ¢(s5) 0.228 0.259 +13.6 0.279 +1.7
I n.(cc) 0.340 0.387 +13.8 0.362 —6.5
! J/wr(ce) 0416 0415 —0.2 0.340 —18.1
n(bb) 0.692 0.547 —20.9
Y (bb) 0.700 0.682 —2.6 0.517 —-24.1

=S e —— i e — P e
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Kaon Disfribu’rion Ampli’rude

’
3
} Skewness from flavor symmetry breaking
: RedDash=DB BlueDotted=RI_.Shaded=L attice
.] 1-4 B ! ! ! | ! ! ! | ! ! | ! ! ! | ! H
| : LI :
, et ~
[ - 4t \ i
= H#,,"‘ ‘*ﬁ ,
10 B ;"' :;H* \‘i“‘ _
3 i !l‘" K \ . ]
: n ’ R .
| 08 ’ s N
' x = f *.]- 1 % -
8 I i y 1 R -
j st - F Tt
: 06+ I/ ;2 | 1]
- B I« \ ¥
: i r ) Ay \
: 04L af;#' 75 v F |
; -1 - - T "-‘
1_ T L)
] Ly \
. 02,
: L
::' 0.0 ' l I [
1 00 02 04 0.6 038 10
: X

DSE results; Shi Chao, L. Chang, C.D. Roberts, P.C. Tandy to be publ (2014)

= S S — e ——— e o — g i e e
R
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Kaon BSA takes the form:

Tk(q; P) =y [iFBk(q; P) + - PFk(q; P)
+v-qGi(q: P) + 0,9, 8, Hg(q; P)],

the Eg. Fi... can be decomposed as
F(q, P) = Feven(q, P) + ¢ PFoda(q, P)

for both F_,.,, and F_,; we use the following form to fit the data

(U = U — U2
@+ aq Pt R
1 U,A2

[yt o g
I 12 3 @ g
po) = ol oy ®

Uz
(@ +aq P+ A2

+ f_ll dav py ()

o P) = eI dap(a)

The w quark and s guark are fitted with the form

S(0) = Xl =

. + = "
— fY-g+m;  ry-g+my

]

STATE

1T N 1T VFRCSCSI TY



r=2Gev. Kaon Distribution Amplitude

Eeren Eﬂdd Feven Fﬂdd GE‘?L’EH Gﬂdd

vy | —0.7124 | 0.169 1.326 | 5.61636 1.0 —0.1
L1 -0.7
Vo 1.0 0.0 0.0 0.0 0.0 0.0

o 1.0 0.7 0.4176 | 0.2053 | -8.19E-4 | 0.2839
U, 0.25
Us | 6.83E-3 | 3.598E-4 | 9.0E-4 | 5.6E-6 | -1.0E-5 | 7.026E-4
ng 5 3 D 8 10 6
mny 12
Mo 1 2 1 2 2 2
Ar | L1.795 1.97 1.49 1.61 2.1 1.463

Table 4: Ul 1s zero here so all the related parameters are ignored.

% uquark in RL o5 uquark in RL
il 777 L5

1 3
20p . Lop

[ - . - ] 00
......................................
I]":'u 1 1

S e — IR — e —r—— e e T e g, | S

DSE results; Shi Chao, L. Chang, C.D. Roberts, P.C. Tandy to be publ (2014) r-"‘.

KENT STATE 26 Sao Paulo May 2014 L,,,,,‘



=2 GeV

- PR A

DSE results; Shi Chao, L. Chang, C.D. Roberts, P.C. Tandy fo be publ (2014)

T e

KENT STATE

Kaon Distribution Amplitude

Skewness from flavor symmetry breaking

pion kaon

mass /GeV 0.1380 | 0.4944

decay constant /GeV | 0.0927 | 0.1095
Table 1: Results Obtained

u | Re(Z;) | Im(Z;) | Re(m;) | Im(m;)

1] 03768 | 0.7116 | 0.7112 | 0.2228

2| 0.1381 0.0 | -0.7788 | 0.7548

Table 2: u quark in RL case, fitting plot can be seen in Fig.1 and Fig.2

s | Re(Z;) | Im(Z;) | Re(m;) | Im(m;)
1| 0.4467 | 0.15 | 0.7215 | 0.2922
2 | 0.1564 | 0.00514 | -1.454 | 0.7396

Table 3: s quark in RL case, fitting plot can be seen in Fig.3

= I ———— S I . 5 i

and Fig.4

27
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The Pion Charge Form Factor:
Transition from npQCD to pQCD

F.(Q? = uv) = / dx / dy ¢%(x; Q) [Tu(x,¥; Q%)) éx(y; Q)

---LFQCD, Brodsky, LePage PRD (1980)

Q? >> AQCD Q*F (Q = 167Tf7% as(Qz) wi(QQ) i O(l/Qz)

1 .
W¢(Q2) o 1 /O dx ¢W(X7 Q) e 7 Q2 00

16 72 05(Q?) ~0.1at Q*~3—4 GeV2. (JLab,theory = ~ 0.45)

But, recent DSE theory = ¢, (x;u =2 GeV) = qus =333

week endin

PRL 111, 141802 (2013) PHYSICAL REVIEW LETTERS 4 OCTOBER 3013

Pion Electromagnetic Form Factor at Spacelike Momenta

L. Chang,' I.C. Cloét,” C.D. Roberts,” S. M. Schmidt,” and P. C. Tandy”
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Pion Distribution Amplitude

k

': e F. V5V u P
fr o) = [ £ 7 (01 a(0) 30 aOm) (1)) -2 YT F |
k—-—P
#o0s 7N kear, P P
f ™o = portr [ (5™ wA GK) Talk = 33P) Sk—PID  BS wavofn x1(k — )
PRL 110, 132001 (2013) PHYSICAL REVIEW LETTERS 29 MARCH 2013

1.5}

Imaging Dynamical Chiral-Symmetry Breaking: Pion Wave Function on the Light Front

Lei Chang,' 1. C. Cloét,” I.J. Cobos-Martinez,*” C. D. Roberts,™® §. M. Schmidt,” and P.C. Tandy®

1.0
% .- Broadening of PDA is an
0.5} expression of DCSB
---long sought affer in LF QFT
0.0t

0.0 0.25 0.50 0.75 1.0
Evolution to higher scales is

p=2GeV X EXTREMELY SLOW
Not much change up to LHC energy

| A
k& : "
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Pion Distribution Amplitude
| ERBL (~1980): br(p) = 6x(1 — %) {1+ Dpg4. an(u)Cr?(2x—-1))}

: Efficient representation
at low scales, eg DSE result:

(3 18) = No x¥(1 —%)* {1+ 32, a.(p)Cat/?(2x-1)}

=2

Evolution to higher scales is
EXTREMELY SLOW
Not much change up to LHC energy

KENT STATE! >0 Ubatuba May 2014




Low Truncation of ERBL Projection of DSE P'DA

dr(X;p) = 6x(1 —x) {14+ Spez s an(u) Co3(2x-1))}

DSE soln

{0, 1.}, {2, 0.233104}, {4,0.112135}, R
{6, 0.0683202}, {8, 0.0469145}, 12
{10, 0.0346469}, {12, 0.0268732},
{14, 0.0215933}, {16, 0.0178199},
{18, 0.0150159}, {20, 0.0128672}, ool 1=2GeV

{22, 0.0111788}, {24, 0.00982438), Y
{26, 0.00871886}, {28, 0.00780296},

— — = DSE-RL result, Cn3/2(2x—1) projection

- {30, 0.00703438}, {32, 0.0063823}, al Project DSE. sop at 2
- {34, 0.00582279}, {36, 0.00534272}, 02 ettt
{38, 0.00493277}, {40, 0.00447911}} N R R R R
0 01 02 03 04 05 06 07 08 09 1
+..... X
A double-humped PDA is ruled out by V. S ettt e S

‘Braun, L Filyanov, Z. Phys. C44, 157 (1989) 4

DRE
(YT "
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The Pion Charge Form Factor:
Transition from npQCD to pQCD

F.(Q? = uv) = / dx / dy ¢%(x; Q) [Tu(x,¥; Q%)) éx(y; Q)

---LFQCD, Brodsky, LePage PRD (1980)

Q? >> AQCD Q*F (Q = 167Tf7% as(Qz) wi(QQ) i O(l/Qz)

1 .
W¢(Q2) o 1 /O dx ¢W(X7 Q) e 7 Q2 00

16 72 05(Q?) ~0.1at Q*~3—4 GeV2. (JLab,theory = ~ 0.45)

But, recent DSE theory = ¢, (x;u =2 GeV) = qus =333

week endin

PRL 111, 141802 (2013) PHYSICAL REVIEW LETTERS 4 OCTOBER 3013

Pion Electromagnetic Form Factor at Spacelike Momenta

L. Chang,' I.C. Cloét,” C.D. Roberts,” S. M. Schmidt,” and P. C. Tandy”
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UV-QCD is not Asymptotic QCD

Q? >> Adcp: Q°F.(Q?) — 167f7 as(Q%) w3(Q?) + 0(1/Q?)

2 .
<
= _20_' — w4 ([”) % decrease
N [
3 |
<1 —30;
—40} | - —_—
10 20 50 100 200 500 1000

__ 1 [GeV] 1 TeV
KENT SIA*I E“ RS S e AR %5 SRS L-Jl;z-lt;l;a-P;lay 2014 :
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week endin

PRL 111, 141802 (2013) PHYSICAL REVIEW LETTERS 4 OCTOBER 3013

Pion Electromagnetic Form Factor at Spacelike Momenta
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Pion Form Factor: Broad Picture
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Pion Form Factor: Running q Mass Fn Effect

With dynamical Mq(pz) —

60% reduction

Q" F(Q) [GeV’]

- e JLab2001,6,8 -
0.1 _

e e e — e S— — i R - — e e — A I e e e —_— n

KENT STATE. 56 Ubatuba May 2014




KENT STATE 37 Ubatuba May 2014

Summary

DCSB: A large u/d quark constituent mass is generated from almost nothing for the same
reason & and by the same mechanism that makes the pion almost massless!

DCSB causes the shape of the pion DA to be significantly broader than the asymptotic-QCD
DA at accessible scales for hadron physics, and a new analysis technique shows that lattice-
QCD moments say the same thing. [DCSB identified in a LF-defined quantity.]

The scale running of distribution amplitudes is exceedingly SLOW---even at LHC scales
asymptotic-QCD for DAs and form factors they influence there are persistent sizeable
npQCD effects and DCSB in the hadron states.

The elastic form factor of the pion makes a transition from non-perturbative/constituent
quark behavior to partonic perturbative behavior for Q”2 at 6-8 GeV”2 and the relevant
extension of the Brodsky-LePage uv-QCD leading formula is just |5% below the recent DSE
calculation there.

The new DSE approach is applicable to form factors for all spacelike Q2.

DSE-QCD can now be applied to light-front-defined bound state properties as a fn of
momentum fraction x. Meson DAs and PDFs work out well, nucleon PDFs and GPDs await...
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