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The World of Quarks and Gluons:

* (Quarks and Gluons: Fundamental constituents
of hadrons and nuclei

* Remarkable and novel properties

of Quauntuwm Chwomodynamics (QCD)

e New Insights from higher space-time dimensions:

Holography
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QCD Lagrangionv
Generalization of QED

i i +
gluon dynamics quark kinetic energy mass term

\ quark-gluon dynamics /

nf nf
_ 1 v  — —
Laco = 2 r(G"G,,) + Z 1y D, 7"y ; My Ve Vg
RN < \
QCD color charge field strength tensor covariant derivative quark field

Scale-Invariant Coupling
Renormalizable
Nearly-Conformal
Asymptotic Freedom
Color Confinement

Yang Mills Gauge Principle:
Color Rotation and Phase
Invariance at Every Point of
Space and Time
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* Although we know the QCD Lagrangian, we
have only begun to understand its remarkable
properties and features.

* Novel QCD Phenomena: hidden color, color
transparency, intrinsic charm, anomalous

heavy quark phenomena, anomalous spin-spin
effects, odderon, anomalous Regge behavior ...

* Remarkable Predictions of AAS/CFT

Truth is stranger than fiction, but it is because
Fiction is obliged to stick to possibilities.

—Mark Twain
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Quowrks invthe Protov

p = (ud ,
— Ne’eman: SUQ)r

\ B
Zweig: “Aces, Duces,
Treys”

Bjorken Scaling: " 1 fm - Gell Mann: “Three Quarks

Pointlike Quarks 10150 = 10~ 13¢m for Mr. Mark”
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The Quark Structure of the Nucleus

€u:‘|‘%

2ey +eq4 = ep

2x(+5) + 1x(-§ =1

2eq + ey = en

2x(-3) + 1x(+5) =0
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1967 SLAC Experiment:
Scatter Electrons on protons ,
in a Hydrogen Target ep — e X

Discovery of the Quark Structure of Matter

Proton
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‘ Discovery of quarks!

iz

and the observation of scaling*

Deep inelastic scattering: Experiments on the proton |e-

Friedman, Kendall, Taylor: Nobel Prize
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SLLAC Two-Mile Linear Accelerator
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First Evidence for Quark Structure of Matter

Gluonic
Bremmstrahlung

DGLAP Evolution
jet

Deep Inelastic Electron-Proton Scattering
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}X Qz
P No-intrinsic lengtiv scale !
Q2 =2 _ 2
Measure rate as a function of energy loss » and ngomentum transfer @
Scaling at fixed zgjorken = Q%pu = %

Discovery of Bjorken Scaling
Electron scatters on point-like quarks!
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u d S c b
70 n,n T K- | DY | B~
U
o0, w p- K*= | D | B*~
Tt % n,n | K° | Dt | B°
; Cornustructing mesons
p+ p07w K*O D*+ B*O
Kt K |nn | Ds | Bs — ( _)
| M = (q3
K= | B | ¢ | Dt | B
DO D~ Ds MNe Bc
c —
b | p= | Br | I | B T+ = (ud)
Bt BY B B. M
b
B+ BY | B | B | T

Pseudoscalar (JF =07) ( upper lines) and vector (J P — 07) (lower lines) mesons with different flavour content.
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Ne’eman,
Gell Mann,
Zweig
Y. Eisenberg
Samios

NNPSS
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The Hadron Spectrum

spin O spin 1

SU(3)flcwor

Prediction and Measurement of Q2= = (sss)
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Why are there three colors of quarks?

Pauli Exclusion Principle!

spin-half quarks cannot be in same quantum state !

u  S*=+3
u SZ=—I—%
u Sz:_|_l

Three Colors (Parastatistics) Solves Paradox

o Greenberg:
3 C@]@TS Cmem@ . WH ITE Parastatistics
NNPSS QCD Phenomenology Stan Brodsky, SLAC
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QCD Lagrangionv
Generalization of QED

i i +
gluon dynamics quark kinetic energy mass term

\ quark-gluon dynamics /

nf nf
_ 1 v  — —
Laco = 2 r(G"G,,) + Z 1y D, 7"y ; My Ve Vg
P N N 'i
QCD color charge field strength tensor covariant derivative quarilt field

Scale-Invariant Coupling
Renormalizable
Nearly-Conformal
Asymptotic Freedom
Color Confinement

Yang Mills Gauge Principle:
Color Rotation and Phase
Invariance at Every Point of
Space and Time
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L= —inyFﬁy - Z"Eﬂ’}’#[ap - iﬂﬂﬁtn]wn - Zmn‘ff_’n‘ff)n

[""",ﬁ:I t‘f] = icg—rtn:

where CE’}' are the SU(3) algebra structure constants

The gluon field tensors F' fy are defined as

FS, = 8,A% — 9,A% + Cg AP A]

By p e

(iuarks couple to gluons thr‘ough the color currents

Jg = —ig Z"ﬁn"}’ﬂﬂﬁtnwﬂ-
n
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QCD Fundamental Couplings

Only quarks and gluons involve basic vertices: Quark-gluon vertex

q
>Wg Similar to QED
q
q(r)
g(b,r)
q(D)

More exactly

Gluon vertices
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In QCD and the Standard Model
the beta function is indeed
negativel

- -‘_-.-1--..-1—-

- e i e e .
T ——— i “_F‘—-l-.-.—' :_

m— i

[ogantﬁmlc derivative \
of the QCD coupling is negative
Coupling becomes weaker at short distances' llustration: Typoform
or high momentum transfer
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\/e/mﬁowt’uo—w of A wmptot’w Freedomw

SHEERSE
(87 X v hH Theary | = =
' 2N Deep Inelastic Scatiering i
i e*e” Annihilation 2 -
0.4 'RI ' Hadron Collisions -
"* Heavy Quarkonia L -
Gross, Wilzcek, Politzer Vi - _ -_i: -
Khriplovich, "t Hooft ‘,E s oy (Mz)Y ]
M cD 245 MeV —--- 01210
0.3 1 I\ LEuﬁ}{zu MeV 0.1183
t *:‘-:l:,ﬁ 181 Me¥ — — 01156
.K"«.:"l.
a;»g%
4 . 020 ° Nes
o(eTe~ —three jets) ‘\ﬂ% _
o(ete~—two jets) | &3 Iﬁ\%&% ;
proportional to as(Q) 0.1 ﬁ@f

1 10 LMD

Q [GeV]

Ratio of rate for eTe™ —qgg to ete™ —q7 atQ=Ecy =E, +E ¢
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QCD Lagrangiowv

i i +
gluon dynamics quark kinetic energy mass term

\‘ quark-gluon dynamics /

nf

nf
Laco = -4—} (G"G,) + ; by D y"we + ; M, e Wy
> N N S
QCD color charge field strength tensor covariant derivative quark field
lim No — 0 at fixed a = Cpas,ny =ng/Cp [CF:A;%V_l]
C

Analytic umit of QCD: Abelian Gauge Theory

P. Huet, sjb
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In QED (Nc=0)
the beta function is positive

[ogarttﬁmtc derivative
of the QED coupling is negative
Coupling becomes stronger at short
distances or high momentum transfer

lustration: Typakarm
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Binger, sjb

Asymptotic Unification

27 i I I | I I LI | | I I | I I I ]
[ g
26 — // |
_ I
. o5 | _
S B I
T - i
S 24 — —
. _. - Asymptotic unification of
= strong, electromagnetic; and
[ weak forces
i | | I | 11 | I I | | I | 11 | )
1516 5 1017 2 5 1018
Q(GeV)
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Given the elementary gauge theory interactions, all
fundamental processes described in principle! :

Exaumple from QED: Q
Nc=0 L
Electron gyromagnetic moment - ratio of spin precession
frequency to Larmor frequency in a magnetic field

%ge — 1.001 159 652 201(30) QED prediction (Kinoshita, et al.)

%ge — 1.001 159 652 193(10) Measurement (Dehmelt, et al.)

ge accurate to 11 figures! Dirac: ge =2

NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Radiative Corrections of Eighth- and Tenth-Orders to Lepton g-2

Toichiro Kinoshita 2

aLaboratory for Elementary-Particle Physics

Cornell University
Ithaca, NY 14853, USA
E-mail: tk@hepth.cornell.edu

Nuclear Physics B (Proc. Suppl.) 157 (2006) 101-105
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Phys. Rev. Lett. 23, 441443 (1969)

PHOTON-PHOTON SCATTERING CONTRIBUTION
TO THE SIXTH-ORDER MAGNETIC MOMENT OF THE MUON*

Janis Aldinst and Toichiro Kinoshita
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14850

and

Stanley J. Brodsky and Andrew J, Dufner
Stanford Linear Accelerator Center, Stanford University, 'Stanford, California 94305
(Received 25 July 1969)

We report a calculation of the three-photon—exchange (electron-loop) contribution to
the sixth-order anomalous magnetic moment of the muon. Our result, which contains a
logarithmic dependence on the muon-to-electron mass ratio, brings the theoretical pre-
diction into agreement with the CERN measurements, within the 1-standard-deviation
experimental accuracy,

AG o, =[(6.420.1) In(m /m,) + const]

“(a/ 7).
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High-Precision Atomic
Physics Tests of QED

All Accurate to ppm
* Lamb Shift in Hydrogen

* Hyperfine splitting of muonium and hydrogen
* Muonic Atom spectroscsopy

e Positronium Lifetime

Crucial tool of atomic physics: Wavefunctions
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Electron-Positron A nunihidlation

ete™ - v* - ptp~

NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Electron-Positron Arnwnihilatiov

R

£

8
q

ete” =" —qq

Rate proportional to quark charge squared
and number of colors

R_+. (Ecm) = Neolors X 2q eg
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J/ = (cc)1s

=]

NNPSS
July 2006

How to Count Quarks

R = o(hadrons) /o(ptp™)

T = (bb)1g

b T/ (2S) T(15,285,3S)

L L g

ﬂ M } ;#Mmu |

E

..”}..

¢
1 AR=Ngxe2=3x(3)?2=1%

- ldtuts sx3P+BR+(hA=2

3 4 5 6 T 8 910

Fem (GeV)

R€_|_e_(Ecm) = Neolors X Zq eg

20
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Hadron Dynamics at the Amplitude Level

* DIS studies have primarily focussed on probability
distributions: integrated and unintegrated.

* Impact of ISI and FSI: Single Spin Asymmetries,
Diftractive Deep Inelastic Scattering, Shadowing,
Anti-shadowing

* Test QCD at the amplitude level: Phases, multi-
parton correlations, spin, angular momentum,
exclusive processes

* Wavefunctions: Fundamental QCD Dynamics

CD Ph ]
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Wavefunctions: Fundamental
description of composite systems

* Basic quantum mechanical quantities in atomic and
nuclear physics

* Physics at the amplitude level
* Schroédinger wavefunction in nonrelativistic theory

* Relativistic formulation: Bethe Salpeter amplitudes
evaluated at fixed time t

* Problem: “Instant” form: Frame-dependent

CD Ph 1
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Diracs Amaging Idea

The “Front Form'~
Evolve in
light-cone time!
ct oc=-ct—z ‘ct T=t+ z/c

Instant Form Front Form

1}1 NPSS QCD Phenomenology Stan Brodsky, SLAC
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Light-Front Wavefunctions

N Fixed T=t+ z/c
pt = pY 4 p?

zPT,z,P| + k|,

Pt P,

awi=1

W (x4, k iy Aj)

Sk =0,
Invariant under boosts! Independent of P™

lfNPSS p QCD Phenomenology Stan Brodsky, SLAC
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Light-Front Wavefunctions

Dirac’s Front Form: Fixedt=1r+z/c

‘P x7kJ_

Lt
Ly — -
Invariant under boosts. Independent of pH P
CD 2
HY [y >= M2y >
Remarkable new insights from AdS/CFT, the duality between
conformal field theory and Anti-de Sitter Space
NN PSS QCD Phenomenology Stan Brodsky, SLAC
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HOSP W) = M2 [y Compute
LEWES from

first principles

QCD __ _ _ 52
Hic" = PuPt = P~PT-P?

The hadron state |WV;,) is expanded in a Fock-
state complete basis of non-interacting n-
particle states |n) with an infinite number of
components

‘wh(P_'—a ﬁL)> —

> [ ldw; PRy n s Fr 2)
A

n,
X |n : xip_l_?xiﬁJ_ + IZJ_ia)"i>

> [ldw; R 1) [ (@i Bis AP =
n
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S w = Sk =0,

> k7,+ =y Pt =Pt S (P ki) =P

_’ .0
] = (kJ_ X bJ_)] — (kJ_ X c‘;kL)]

n-1 Intrinsic Orbital Angular Momenta
Frame Independent j=1,2,---(n—1)

lf N PSS QCD Phenomenology Stan Brodsky, SLAC
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Angular Momentum on the Light-Front

J* = Z Sl-Z -+ Z l;. Conserved

LF Fock state by Fock State

2 (110 2 0
[ = —l(k i 32 k j m) n-1 orbital angular momenta

ITTNPSS p QCD Phenomenology Stan Brodsky, SLAC
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LFWFs of Electron (n=2) J, = 4=
: . r 2
Gives Schwinger 1 (= k‘1+lk2) —
Anomalous & ¢+% +1( ) \f «’E(i :v)2 J L= -1
Moment 2m < ¢1%_1(x7 1) = _\/§(+kl_+;k ) o L.=1
wi%+1(xa J_) — _\/§(M - %) ©, L,=20
\ Tﬂi%_l(% _)J-) =0,
where
- e/v1—x
M? (k +m?)/x — (k9 + X)) /(1 — x)
M->m + ): r L
wﬁ_%_pl(x? J—) =0 Y
Spin-1 mass \* wi%_l(x, kL) = —V2(M — ™) |
. \ - iz
Spin-1/2 mass m wiéﬂ(% 1) = —y/2EER)
Py (@, k1) = —v2Ek D
s Drell, sjb
Hwang, Schmidyt, sjb
NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Quantum Mechanics: Uncertainly v p, r, spinv

Relativistic Quantum Field Theory:
Uncertainty in particle nwmber w

Positronium n=2 Hyperfine splitting n=3
ete” eTe
Lamb Shift n=3 Vacuum Polarization n=4
eTe eTe ete
INNPSS QCD Phenomenclogy Stan Brodsky, SLAC
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Light-Front Wavetunctions

Dirac’s Front Form: Fixedt=1+2z/c

wn(kal_> i -

QCD|

Yyvy

YYY

-
YYYYY

P >= M >

-
<:j——JL-\:)
YYYYVYYY

Invariant under boosts. Independent of pH
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Hadrons Fluctuate in Particle

Number

e Proton Fock States
luud >, |uudg >, |uudss >, |uudc¢ >, |uudbb > - -

e Strange and Anti-Strange Quarks not Symmetric
s(x) 7 5(x)

e “Intrinsic Charm”: High momentum heavy quarks
e “Hidden Color”: Deuteron not always p + n

* Orbital Angular Momentum Fluctuations -
Anomalous Magnetic Moment

NNPSS QCD Phenomenology Stan Brodsky, SLAC
July 2006 42



Proged tey T e
R, o, R ‘\ el RS

QW) #+  QLx)

QT> Qe
S—ye”
, Coo\caw-lg
-¥_ p—— <
et ﬂ—g S H;L" \\-\Q“Jﬂa~3
- EY o Hyeall K\ &\mt\’\l
K
| ¥ g
; _ -
- <KDY L <LXD
_\3 L
\r J\__}_"'I: %
A & s X?
NNPSS QCD Phenomenology Stan Brodsky, SLAC

July 2006 43



S7(z) = z[s(z) —5(x)]

8107 [ | -
E Momentum Asymmetry ‘ E
6x10" [ .
N

<) - i
? | —_
o 3 — n
= 4x10° [ n
o _ i
x B i
2 2x10° .
1% - el :
0 B w;‘\\:’ /./ i
30 | | | | | | | | 1]

2107 57001 001 005 0.1 2 3 4 5 6 1
X (scale: linear in z = X1/3)

S. Kretzer; B.Q. Ma and sjb
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Exact Representation of Form Factors using LFWFs

Hadron form factors can be expressed as a sum of overlap integrals of light-front
wave functions:

#

where the variables of the light-cone Fock components in the final-state are given by

Drell Yan, West, Drell, SJB

Z/ dm% d2kJ_z Zeﬂb xukj_za )wn(%vklzv ) (1)

Ko =ku+ (1—) 4L, (2)
for a struck constituent quark and
Klo=Fki— i 1, (3)

for each spectator. The momentum transfer is ¢* = —¢* = —2P - ¢ = —Q?* The
measure of the phase-space integration is

{dmz = le i‘l/a;_; 3 (1 — zn:x]> : (4)
o7 | d kJ_Z 9
|:d kJ_Z'_ — (167T )H 167‘(‘3 5( ) (Z kJ_g) . (5)
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F2

|

- —ng* (xiv kli?

Z/dx |[d2k, ] Ze]— x

1 /
Xi) g (i ki, A) + q—Rlbi*(%, K5 Ao) ¥ (26, K L, Az)}

Drell, sjb

q
k/J_z — kJ_rL' — T;q L k,J_] = kJ_j —+ (1 — ZCj)qJ_
9
—~  (+) —- -
. LK, i+ Q
Xjo Ky NIRRT
v
=
-— >- .
P, S,=-1/2 p+aq, S,=1/2

Must have A/, = S

-1 to have nonzero F5(g%)

NNPSS
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Gardner, Hwang, sjb,

Light-Cone Wavefunction Representations of
Anomalous Magnetic Moment and Electric Dipole
Moment

In the case of a spin—% composite system, the Dirac and Pauli form factors F(¢*) and
Fy(q?), electric dipole moment form factor F3(q?) are defined by

(P|#O)|P) = T(P) [ Fi (@07 + Fal®) 0" gt Fo(a)) o 03500 | U(P) , (47)

2M

Compute matrix elements of good current J*

Fi(q") = <P+qT|2P+ P,T>:<P+q,i‘2P+ P,¢> , (48)
F(g?) 1 1 J+(0) 1 J+(0)
2M 2[+—q1+iq2< tollgpe [P e e \T T et e | |
(49)
F3(q? i 1 J*(0) 1 J*(0)
= = P P |)— P P .
2M 2[+—q1+iq2< tollope | DY) marag\U T ot apr | B |
(50)
NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Relation between edm and anomalous magnetic moment

A2k, dx
- ;/ 1673 Ze]_ x

1 - .
T N (e B\ L NN (e T
[ + _q ‘|’1C] 77b (xwa_z? )¢a(xzka_27)"L) + q1 +1q @b (fBz,kLm)\)%(%,ku,)\z)}
Drell, sjb,
A2k, dz
N Z / 1673 Z 69 2 =
1 - - 1 .
T*(p Lt Nl (e . Lx T Y
[ + _ql _|_iq2¢a <xz’kli7)\l) wCL(aj“kl’“)\ ) q1 _|_1q ¢ (ajkaz?)‘ >¢a($zakj_za>\z>} ;
Gardner, Hwang, sjb,
j_i — Eii + (1 — ;)¢ struck quark Elz — k i — TG spectator
NN PSS QCD Phenomenology Stan Brodsky, SLAC
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CP-violating phase of LEWF

\

F3(q%) = F>(¢?) x tan ¢

Fock state by Fock state

Gardner, Hwang, sjb,

New relation between d, and d,,

ITTNPSS p QCD Phenomenology Stan Brodsky, SLAC
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Nucleawr Chwomodynamics:
Novel Effecty of QCD inv Nucleawr Systems

* QCD Color Transparency and Opaqueness
* Hidden Color

* Exclusive Nuclear Reactions, x > 1

* Nuclear shadowing and antishadowing

e Diffractive Phenomena

CD Ph 1
Jl%j}J}\TZPS (S)6 . e;omeno = Stan Brodsky, SLAC



Exclusive Processes

What if we ask for a specific final state?

S = (Ee_|_ -|— Ee—)Q

R(eTe™ — HH) x |F(s)|?

F(s)] o< [5]ma !

Probability decreases with number of constituents!

l}TNPSS p QCD Phenomenology Stan Brodsky, SLAC
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\lucleon Form Factors

Nucleon current operator (Dirac & Pauli

r“(q) = v*F1(9®) + W"Wq”F2(qz)
N

Electric and Magnetic Form Factors

Ge(q%) = F1(a%) +7F(a) __ q®

2
Gm(a?) = F1(g?) + F2(9?) 4My
Elastic scatterin ep — €
o : p — ep
o ® 5.0 do  o2Elcos? [GZ N (1 £ 2(1 + 7)tan? 0)62} 1
O\/i dQ 4E§sin4g E 2) Ml 147
y
Annihilation etTe™ — pp
~e
e~ et 2 /T 4 /_
0 e 1+ cos<0)|G — sin© 0|G
] da = g | rcostoeult+ Teioieel| | B

Simone Pacetti Ratio |G (q°)/G}) (9°)| and dispersion relations

lf NPSS QCD Phenomenology Stan Brodsky, SLAC
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Form Factors {p— Q'p' {(p'A'| J* (0)|pr)

S
Scaling from PQCD or AdS/CFT Q4 f(Xi» Yi»)

1}1 NPSS QCD Phenomenology Stan Brodsky, SLAC
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Hadron Distribution
Amplitudes

¢(;, Q) = |_|Z_1 fQ dsz_ Y (T, kJ_z)

 Fundamental measure of valence wavefunction
* Gauge Invariant (includes Wilson line)
Lepage; SJB
* Evolution Equations, OPE Efremoy, Radyuskin

* Conformal Expansion

* Hadronic Input in Factorization Theorems

1}1 NPSS QCD Phenomenology Stan Brodsky, SLAC
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Proton Form Factor

1.0 -
<r%' '
S Conformal Behavior : #2F;(t) = const
s_ N=3 |
w 05 e N=3,4,5 Remarkable scaling
- —--— GI;!V witha, =13 a | behavior
o F.(t) (Sill etal.)
0 G, (t) (Sill et al.)
0 ———————
0 5 10 15 20 25 30
_ 2
t(GeV?) Non-perturbative model:
Diehl, Kroll
NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Primary Test of QCD Factorization,
Scaling

M = | ][ dzidy;pr(x, Q) x T (x4, yi, Q) b1 (yi, Q)
—T“\
o

Conformal Behavior : #*F;(t) = const

Yy

ITT NPSS QCD Phenomenology Stan Brodsky, SLAC
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Brodsky and Farrar, Phys. Rev. Lett. 31 §19733 115:
Matveev et al., Lett. Nuovo Cimento, 7 (1973) 719

Quawk Counting Rules for
Exclusive Processes

* Power-law fall-off of the scattering rate reflects
degree of compositeness

* The more composite - the faster the fall-oft

* Power-law counts the number of quarks and gluon
constituents

* Form factors: probability amplitude to stay intact

°  Fr(Q) < goy1 n = # elementary constituents

CD Ph ]
Jlﬁ)lﬁfg (S)6 . eéllomeno s Stan Brodsky, SLAC



Quark counting ruleos predict: [Q2]"H—1F;(Q?) = constant
1O I I I T | I

[£8
b))
LY

Proton, n=3

Neutron, n=3

Deuteron, n=6

07 - —
| 0—3 [ I | { | ]
O | 2 3 4 5 o e
-q 2 (Gev?)
NNPSS QCD Phenomenology Stan Brodsky, SLAC
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Timelike proton form factor in PQCD

Lepage and Sjb

l}T NPSS QCD Phenomenology Stan Brodsky, SLAC
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PQCD and Exclusive Processes .50k

M = /Hdwidyi¢F($,Q)XTH(%%@W}(%,Q)

Iterate kernel of LFWFs when at high virtuality; distribution
amplitude contains all physics below factorization scale

Rigorous Factorization Formulae: Leading twist
Underly Exclusive B-decay analyses

Distribution amplitude: gauge invariant, OPE, evolution
equations, conformal expansions

BLM scale setting: sum nonconformal contributions in scale
of running coupling

Derive Dimensional Counting Rules/ Conformal Scaling

CD Ph |
J&f}l’\]ng CS)6 < eg:omeno = Stan Brodsky, SLAC



Timelike Proton Form Factor

BABAR
FENICE
DM2
DMI
BES
PS170
E835
E760

10

XS rDLUOO®

Proton form factor

log™2 -2, f+
F(S) X 5 5 A? 10 [t
S
Ng - 1 =3-1\=2 ; 3 4 M

Vs = M, (GeVic)

Quark counting for 3 quarks in proton

BABAR. Nicolas Berger HADRONGS 65




Test of quark counting rule: timelike form factors

3850605-006

@

3850605-007 4.0
————r F

PG

o8
(4]
e

&

>

©

e &

220f '# 3 Ezsl 3
‘\('? 1 5:* Preliminary @2_0:, b
= = ) 1 CLEO ] < | + Preliminary ]
2 \: —=1.5] CLEO -
ke ) ] o # ]

LT | f
S S S e S Tl R R VA 0 B S S ‘1‘0‘”1‘2”‘1:4
@2 (Gev?) @?|(Gev?)
Proton timelike form factor. Kaon timelike form factor.
— 2 — N2
s=Emn=0Q
Q?|Fk(13.48 GeV?)| = 0.85 4 0.05(stat) & 0.02(syst) GeV?

Q*|G%,(13.48 GeV?)|/u, = 0.91 £ 0.13(stat) £ 0.06(syst) GeV*

The proton magnetic form factor result agrees with that measured in the reverse
reaction pp — ete~ at Fermilab. The kaon form factor measurement is the first

ever direct measurement at |Q?| > 4 GeV=.

The pion form factor is being measured.
Seth
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Conformal Behavior of LEWFs
Predicted by AdS/CFT Leads to
PQCD Scaling Laws

* Bjorken Scaling of DIS

* Counting Rules of Structure Functions at large x

* Dimensional Counting Rules for Exclusive
Processes and Form Factors
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