Novel Dynamical Testy of QCD at PANDA

e Characteristic momentum scale of QCD: 300 MeV
* Many Tests of AdS/CFT predictions possible

* Exclusive channels: Conformal scaling laws, quark-
interchange

* pp scattering: fundamental aspects of nuclear force
* Color transparency: Coherent color effects

* Nuclear Effects, Hidden Color, Anti-Shadowing

* Anomalous heavy quark phenomena

* Spin Effects: An, ANN
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\lucleon Form Factors

Nucleon current operator (Dirac & Pauli)

r“(q) = v"F1(g?) + oMV g, Fo(q?)

i
oMy

Electric and Magnetic Form Factors

Ge(9°) = F1(q%) + 7F2(q°) _ q°

Gu(9?) = F1(q?) + F2(g?) 4My
Elastic scatterin ep — €
;/(« 9 1% 1%
oo\ do  a”Ejcos® § [GZ 5 (1+2(1+ )tan29>62] 1
el — T T .y
R dQ  4E3sin* g | ¢ 2 )M 11,
y
\0; Annihilation €+€_ — pp
e~ et 2 /1 1/-
o> do o \/1 —1/7 5 5 1 .5 2]
0 = 1+ cos<0)|G —sin“0|G
; o= "V T (14 cos? )Gy + L sin? ]G

Simone Pacetti Ratio |G} (¢°)/Gh,(q°)| and dispersion relations
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S = (E€_|_ —I— Ee—)Q

R(eTe™ — HH) x |F(s)|?

[F(s)] oc []™a 1

Probability decreases with number of constituents!
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g
: measured inv
s | electrovn-protonw
I elastic scattering
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2 2
Q [GeV~] From: M. Diehl et al. Eur. Phys. J. C 39, 1 (2005).

e Phenomenological success of dimensional scaling laws for exclusive processes
—2
do/dt ~1/s"7% n=mnas+np+nc+np,

implies QCD is a strongly coupled conformal theory at moderate but not asymptotic energies
Farrar and sjb (1973); Matveev et al. (1973).

e Derivation of counting rules for gauge theories with mass gap dual to string theories in warped space

(hard behavior instead of soft behavior characteristic of strings) Polchinski and Strassler (2001).
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Brodsky and Farrar, Phys. Rev. Lett. 31 §1973g 115:
Matveeyv 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

* Powerlaw counts the number of quarks and gluon
constituents

* Form factors: probability amplitude to stay intact

Fp(Q) < (gzpm=t 0 = # elementary constituents
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PQCD and Exclusive Processes  orels .
M = /Hdwidyicbﬁ’(a?,Q)XTH(%%,@W}(%Q)

* Iterate kernel of LFWF's when at high virtuality; distribution
amplitude contains all physics below factorization scale

e 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
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Timelike proton form factor in PQCD

< Jreofeen )

Lepage and Sjb
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Timelike Proton Form Factor

» Define “Effective” form factor by

4o B C Y m>
- BT 1= el + 22l
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pp mpﬁ v
@)
3 ® BABAR
« Peak at threshold, sharp dips at 2.25 GeV, !-E’c O FEN_,ICE
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Time-like Form Factors

2:; B
r\%*)r % E760 Armstrong et al. (1993)
o A” data measure absolute Cross | |+y O EB835(l) data Ambrogiani et al. (1999)
section GE — GM ¥ Y? ® E835(11) data Andreotti et al. (2002)
iﬁ%ﬁ {%* @ CLEO data Dobbs et al. (2005)
. . . : N A BES data Ablikim et al. (2005)
o PANDA WI” PI’OVICIG Independent 10 — f** y ¥ BABAR data PRELIMINARY (2005)
measurement of Ge and Gm = *\*
i
® widest kinematic range in a single
eXPe riment % Castellono et al. (1973) \+ .
O Bassompierre et al. (1977) v
A Delcourt et al. (1979) +
® Time-like form factors are complex o Bisello et a. (1983.1990) A
10—2 | ; * Bordinetal (1994) |
L & Antonelli et ol. (1994)
]

® precision experiments will reveal A %
GeV?
these structures s (Gev)

B. Seitz PANDA ran
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Key QCD Pandov Experiment

Measurement of hadron tume-like form factors
angulow distr MLO‘M Separate F1, F2

Leading power in
—>— QCD
Frr(s) [%]nH_l

Test QCD Counting Rules
Conformal Symmetry: AAS/CFT 5 nue T agmo
HWMHM)’ Conservalionw  imma - ’
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* ‘Iwo-photon exchange correction, elastic and
inelastic nucleon channels, give significant;

interference with one-photon exchange, destroys
Rosenbluth method

Blunden, Melnitchouk; Afanasev, Chen,Carlson, Vanderhaegen, sjb

e+
,.Y X H-+
—— One-photon/two-photon
interference gives electrov-
——— — positvovw asymumelry
Y e Small Effect from Z°
e-
H_
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Single-spin polarization effects and the determination of timelike proton form factors

Carlson, Hiller,
B Hwang, sjb
2 06 7
I | & /
D | '\ .I
é . '\. ’.’ |
W04 ] 2 cos 0|G,,|*
o | X ‘ | 7) _P
| \ .". | z toe D
| (A 1/Q fit
0.2 5 ,-' — — - (log® Q%)/Q? fit |
:_ —— impr. (log? Q?)/Q? fit _ .
e SYE D=|G (14 cos”0) + | G| sin’ 6

O|| I N IR TN T WO W
5 10 15 20 25 30 35 40

q° (GeV?)

Requires beamv and
lepton polarization
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Single-spin polarization effects and the determination of timelike proton form factors

0.6

0.4 v g

0.2 - / — Carlson, Hiller,
-_ - Hwang, sjb
0

(for 6 = 45°)
O
N

2sin 6Re GEGy,

P,=—P,
L% 0.4 D7
-0.6 - ‘ P e 1/Q fit | D (G (1 4 co0) 1 1[G, sine:
0.8 Mo — ~ ~(log® Q%)/Q*fit - D=IGul I+ cos®0)+ 2G| sin”6:
Eatal ! o — impr. (log® Q?)/Q? fit
_' — - —-- |JL fit "
= ap g ] gy . L1 L1 . R
5 10 15 20 25 30 35 40
> 2 Requires beawm and lepton
q° (GeV") polarigation
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(tor 6 =497)

y

Folarization P

Single-spin polarization effects and the determination of timelike proton form factors

sin20ImGEG,, (7—1)sin20ImF;F, Carlson, Hiller,
7) — — Hwang, sjb
D D\t
o~
’ 1
| : ‘\_ =[G l2(1+c05?0) + —| G sin0:
/ b Y
i : o |
\"‘- . — 2 2
0.2 7 oy, T=q"/Amj
I.'
_ v
0 :
----- Qi | A
- (log® Q°)/Q* fit 7 M &
Py _inTLp? (log? GA)/Q2 fit relative phase
: ezl il

N e, . of formfactory

04 |l m—=———————""
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q° (GeV?)
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Key QCD Panda Experiment

sin20ImG:G,y, (7—1)sin260ImF5F,

DNt DNt

p +
e
A
-
polarized -
p
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n—=4x3-2=10

_ « do _ FOcm)
Quawrk-Counting : 4 (pp — pp) = v
1 1 1 1 LI L) T 1 I I 1T 11 I 1 T LI
10730 -10730
° 68°
103 - 90° 75 o
10733 —10-22
10-23+ 10733
cm? %
1034
10730 <>
100 10
50 43 10
10-32- 38 10732
10-3} H10®
10-34 ] | I | | Ll 1 11 ] ] L1 i 11 10—34
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Gel/?

Best Fil

n=9.7=+0.5

Reflects
underlying
conformal

scale-free
interactions

P.V. LANDSHOFF and J.C. POLKINGHORNE

Novel Anti-Proton QCD Physics
144

Stan Brodsky

SLAC



Key QCD Panda Experiment
P
49 (pp — pp) at large pr

Test PQCD AdS/CFT conformal scaling: p
twist = dimension - spin = 12

— F(t/s)]?
9 (Bp —p) ~ %
: M 212
Test Quark Interchange Mechanism 54U
Single-spin asymmetry Ay
| | Study Fundamental Aspecty of
Exclusive Transversity Anpn
Nucleow Force
Test color transparency
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Key QCD Panda Experiment
P

‘fi—g(pp — ) at fixed angle, large pr

D T Y
O [ — F S

Tests PQCD and AdS/CFT Conformal Scaling

Handbag Approximation Irwalid in PQCD
Single-spin asymmetry Ap

Exclusive Transversity Anpn

Test color transparency
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Compton-Scattering Cross Section on the Protovw at Highy Momentwm Tronsfer

e x10 ,
- / s =6.8 GeV
- F X
N> N A\\é A A A
Q1
S Jefferson Lab
z F Hall A
5 10 : ~O Collaboration
© =
- .7
= 10 Alan Nathan, et al
107 2 4 6 8
-t (GeV?) I 1 )
, ot o4 [t
Comptow at fixed angles falls - ]
faster thanw photoproduction! ~ 7f é h
S I | pQCD
c 6; {) _(% =6
Open points: Cornell measurement 5 :— —:
M. A. Shupe et al., Phys. Rev. D 19, 1921 (1979). | .
450 80 100 20
Ocm (deg)
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Recent results from Belle [ —=>2p

PQCD Conformal Scaling for range of 0
s° Ao (yy — pp) ~ const

10

3 0121 | | | | | .
o(yy — pp) T25(vy — pp) {

1k BELLE 0.10 _
g 3.0 < /5 < 4.0 GeV
-, : 008} o BELLE
o) =1 =
=10 F = 0.06
; o= y
10-2 R -
F o02f
_!_
1073 bt = 0 e
2.0 24 2.8 3.2 3.6 4.0 0 o0l 02 03 04 05 O
Vs [GeV] | cosb)|
Energy dependence Angular dependence
(GPD curve from Kroll/Schdfer)
Michael Duren
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Key QCD Panda Experiment

= *

pp — 7
* Test DVCS in Timelike Regime
* J=o Fixed pole: q> independent

* Analytic Continuation of GPDs

* Light-Front Wavefunctions

* charge asymmetry from interference

pp — v* — 0T — ey pp — Ppy — vy = LTy
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Key QCD Panda Experiment

sz—i(ﬁp — ) at fixed angle, large pr

P
\
/ A
N
; A
p
4o (5 — ) = £/ !
t p p ")/")/ - s6 Local Two-Photon
(Seagull) Interaction
Close, Gunion, sjb
Tests PQCD and AdS/CFT CONCOVWLOJ/SCOJAM Szczepaniak,

Llanes Estrada, sjb
Angle-Independent J=0 Fixed Pole Contribution:

~ 1 do 1

M(pp — v7) = F(s) < — (P = yy) o 5
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J=0 Fixed pole invreal and virtual Compton scaltering
Damashek, Gilman;
* Effective two-photon contact term Close, Gunion, sjb
* Seagull for scalar quarks
* Real phase
e M=s°F(v
* Independent of Q2 at fixed t

* <1/x> Moment: Related to Feynman-Hellman Theorem

* Fundamental test of local gauge theory
Test J=o Fixed Pole: s> do/dtly p =y p) = on (t)
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Key QCD Panda Experiment

Measure all antiproton + proton exclusive channels

pp — Y

PQCD: No handbag dominance
for real photons

J = 0 fixed pole from
local gg — ~~ interactions

pp — Ym0

pp — KTK~
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Hard exclusive

Key QCD Experiment at FAIR

*Much larger cross section
(compared to yy) makes
it easier to access!

meson _
_ production *3-y final state
P (large p-)
2.8 —
240 [T ziZ5(pp = 1)
90l s = 13.59GeV? $

10.0 3

nb

1.05

Ol s 10 12 11 16 cosd .
s[GeV] 2 E760 results (curve from Kroll/Schdfer)
Michael Duren
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VL TDA

‘No handbag diagram
‘Here the photons and the pion are produced in forward direction!
*Measure ,, Transition distribution amplitudes”

pp —> y*7 explores the pion cloud
pp — y* p explores the p cloud
pp —> y*y explores the photon cloud

(Study next to lowest
Fock state of the proton)

Mickael Duren
B. Pire and L. Szymanowski
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CIM: Blankenbecler, Gunion, sjb

Quawk Interchange Gluon Exchange
(Spinv exchange inv atonm- (Vo der Waal - -
atom scaltering,) Landshoff)

do _ |M(s,t)]?
dt g2
M (t, u)interchange X u—ig M (s, t)gluonexchange o sF(t)

MIT Bag Model (de Tow), large Nc¢, (t Hooft), AAS/CFT
all predict dominance of quawk interchange:
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Remawkable predictionw of AAS/CFT:
Dominance of quark interchange

Example: M(K+tp — KTp) #

Exchange of common u quark
Moy = [ d2k | dz il A

QIM 1dz Yo pAayp
Holographic model (Classical level):

Hadrons enter 5th dimension of AdSs

Quarks travel freely within cavity as long as

separation z < zg = AQch

LFWFs obey conformal symmetry producing
quark counting rules.

Y VY
D
©

Hhr
P

/
]
C

YV VY VW
—
©
/

\ 7
\/ 5-2005
8717A1
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| |
02 I A 7710 Gevre
0 K'I0 Gew B )
i s S AdS/CFT explaing why
eV ) -
| === Quark Interchange qu/ WWW 24
dominant
@E it | momentum transfer
= inv exclusive reactions
‘”:_‘-3
5
e 1
M (t, uw)interchange X 72
100 L . :
Non-linear Regge bebavior:
| ap(t) — —1
- 0
cos Be m. .
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VOLUME 60, NUMBER 12 PHYSICAL REVIEW LETTERS 21 MARCH 1988

Comparison of Exclusive Reactions at Large ¢

B. R. Baller,® G. C. Blazey,® H. Courant, K. J. Heller, S. Heppelmann, * M. L. Marshak,
E. A. Peterson, M. A. Shupe, and D. S. Wah]@
University of Minnesota, Minneapolis, Minnesota 55455

D. S. Barton, G. Bunce, A. S. Carroll, and Y. I. Makdisi
Brookhaven National Laboratory, Upton, New York 11973

and

S. Gushue® and J. J. Russell

Southeastern Massachusetts University, North Dartmouth, Massachusetts 02747
(Received 28 October 1987; revised manuscript received 3 February 1988)

Cross sections or upper limits are reported for twelve meson-baryon and two baryon-baryon reactions
for an incident momentum of 9.9 GeV/c, near 90° c.m.: #*p— pr T pp .2 AT, K2 E (AYE0)K:
K*p— pK*;p*p— pp*. By studying the flavor dependence of the different reactions, we have been

able to isolate the quark-interchange mechanism as dominant over gluon exchange and quark-antiquark
annihilation.

kts s kT 7 d d Kk°
o + u u u S
np—rpr—, !
|
REg-=HK=, P U sp ! opu o A
- +
T=p—pp—, d GEX d : d ANN d
% P u u | u S
xTp=s KTV E, ‘
- AOK0 500 u u i u S o
o s P U up | Pd d A
d QIN d u COM u

+ 4
P pPp—pp—.



Key QCD Panda Experiment

_ _ p o
pp — K TK u

st t« u crossing of KTp — KTp d

- + 7 — 1

do 1

d_ OC 6.2 at large t,u

t sOt
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Key QCD Panda Experiment

pp — A++AO — (pﬂ'_l_) —+ (pﬂ‘_) p

Test quark interchange mechanism

Measure Ratio
9@ (pp — ATTAO) 1 L (pp — pp)

Test 97 = Fgel%n) AdS/CFT conformal scaling

Single-Spin Asymmetry Ay of A

Test Hadron Helicity Conservation:

At FAp- = Ap+Ap=—1,0,+1.
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Key QCD Panda Experiment

P. V. Pobylitsa, V. Polyakov

and M. Strikman, X g
“Soft pion theorems for hard near-threshold
pion production,”

Phys. Rev. Lett. 87, 022001 (2001) AR\

Small pm invariant mass; low relative velocity

Soft-pion theorem relates
near-threshold pion production
to the nucleon distribution amplitude.

do (— _ __ F(0
de (pp — (np)p) = Hgn)
No extra fall-off Same scaling as
= ~ /& 00m
9 (pp — Pp) = ilo )
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The remowrkalle anomalies of
protovv-protovw scatlering

* Double spin correlations
* Single spin correlations

* Color transparency

PANDA Workshop Novel Anti-Proton QCD Physics
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Spin Correlations in Elastic p — p Scattering

§

o

F-3

[

P17

RATIO OF SPINS-PARALLEL TO
| SPINS-ANTIPARALLEL CROSS SECTIONS

o

polarization normal to scattering plane

Ratio reaches 4:1!

A. Krisch, Sci. Am. 257 (1987)

& "The results challenge the prevailing theory that describes the
proton's structure and forces"
0 1 2 3 4 5 6
ENERGY-TRANSFER VARIABLE pT
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larger t region can be
explored in pp

" 8 This Exp.
~ ® OfFallon et.al.

| T-=10.85 GeV

o

I ¥ I i

D.G. Crabb et al.,

PRL 41, 1257 (1978)

HEP 2006, Chile, Dec 11-16

Diffraction for all

K. Goulianos

¢ 90
[ 1 ek |
ﬁsf lt .L‘fl 11
1 2,3
| [GOV/cf
I




Key QCD Panda Experiment

Ann for pp — pp
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o

e e e o
Whet
sebs,
Hlas Scale

(8}
pep =p+p 90
& IGS
- Compilation

D A \ (/N N X ,‘ _ : _ Q4. » PR :
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A. Krisch, Sci. Am. 257 (1987)
"The results challenge the prevailing theory that

“E xC lu sz've/ describes the proton's structure and forces"
Transversity” G

o

£

Spin-dependence at large-P; (90°,,.):
Hard scattering takes place
only with spins 11

[

RATIO OF SPINS-PARALLEL TO
| SPINS-ANTIPARALLEL CROSS SECTIONS

n

Coincidence?: Quenching of Color
Transparency
Coincidence?: Chawrm and

Alternative: Six-Quawrk

(ﬁ'
=
0 1 2 3 4 5 6
ENERGY-TRANSFER VARIABLE pT
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YV VY VY

p L}d g
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Whr %
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YV VY VY

, AES
p U d \\// \ J
QCD

Schwinger-Sommerfeld
Enhancement at Heavy

Quark Threshold
Hebecker, Kuhn, sjb

S. J. Brodsky and G. F. de Teramond, “Spin
Correlations, QCD Color Transparency And
Heavy Quark Thresholds In Proton Proton
Scattering,” Phys. Rev. Lett. 60, 1924 (1988).

‘_a?m\ Cohevencae al \ntwu\ ’T-:mv(-« el y
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0.8 S. J. Brodsky and G. F. de Teramond, “Spin

Correlations, QCD Color Transparency And
06 Heavy Quark Thresholds In Proton Proton
" Scattering,” Phys. Rev. Lett. 60, 1924 (1988).
ANN
0.2
0 90% . - Quark Interchange + 8-Quark Resonance
L | I 1 L
02, 5 10
Plab (GeV/c)
038 | T T T |luuduudce > Strange and Charm Octoquark!
sl b @ 4
04 | p2= 4.7 (GeVic)®
ANN
02 - M =3 GeV, M =5 GeV.
O -
_ ] | ] | _ S - —
s 12 14 16 18 J=L=5=1 B=2 .
P, (Gevic) N 102
lab E
Ay =doD) =do(tl) 5 10°
N - & —)
/—S 5
86 10
0 c 11.75 GeV/c
-02 | ] | | ]
3 4 5
P2  [Gevic)?]
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Key QCD Panda Experiment

Open Charm

pp — /_\C(M)DO (Eu)p

p

Total open charm cross section at threshold

o(pp — cX) ~ 1ub p DO (zu)

needed to explain Krisch Anpn

Compare with strangeness channels p A(sud)
pp — A(sud) KT (5u)p D
p Kt (5u)
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Key QCD Panda Experiment

* New QCD physics in proton-proton elastic
scattering at the charm threshold

* Anomalously large charm production at threshold!!?
* Octoquark resonances?
* Color Transparency disappears at charm threshold

* Key physics at GSI: second charm threshold

pp — PpJ /Y
pp — PN\cD
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Colov Transparency

Bertsch, Gunion, Goldhaber, sjb
A. H. Mueller, sjb

* Fundamental test of gauge theory in hadron physics
* Small color dipole moments interact weakly in nuclei
* Complete coherence at high energies

* (Clear Demonstration of CT from Diffractive Di-Jets
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Color Transparency Ratio

protons;

proton,

o
o
do/dt for / o proton,

Tpp=

Z do/dt for \ / proton;
proton, .g\

J. L. S. Aclander et al., proton,
“Nuclear transparency in 6.3, = 909

quasielastic A(p,2p) reactions,”

Phys. Rev. C 70, 015208 (2004), [arXiv:nucl-
ex/0405025].
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04 | -

Top

0.2 I

01

O 1 1 | 1 | 1 | 1 |
6 8 10 12 14

Beam momentum [GeV/c]

PHYSICAL REVIEW C 70, 015208 (2004)

Nuclear transparency in 90;_m_ quasielastic A(p,2p) reactions

J. Aclander,’ J. Alster,’ G Asryan1>< Y Averiche,’ D S. Barton V. Baturm "N. Buktoyarova lG Bunce,'
A. S. Carroll, 1‘LN Chr1stensen S H. Courant S. Durrant G. Fang, K. Gabrlel S. Gushue K. I Heller S. Heppelmann
L Kosonovsky A Leksanov Y. L Makd151 A. Malki,” l Mardor,’ Y. Mardor M. L. Marshak D Martel,*
E. Minina,’ E Mmor L Navon H. N1cholson A. Ogawa Y. Panebratsev,” E. P1asetzky, T. Roser J.J. Russell
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Nuclear Transparency, Tpp
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Bunce, Carroll,
—Heppelman...
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Key QCD Panda Experiment

Test Color Transparency
T (DA —Dp(A—1)) — Z x F(pp — Dp)

No absorption of small color dipole
at high pr

Traditional Glauber Theory: o4 ~ Z1/30,

A.H. Mueller, SJB
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Deuwteronw Photodisintegrationw and Dimensional Counting

P.Rossi et al, P.R.L. 94, 012301 (2005)
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Key QCD Panda Experiment

Test QCD scaling in hard exclusive nuclear
amplitudes

Manifestations of Hidden Color in Deuteron
Wavefunction

pd — 7 p
pd — ny
pd — pd
_ _ F (0
Conformal Scaling, AdS/CFT Cé—(z(pd — T p) = glczm)
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Deuterow Light-Front Wavefunction

N , Fixed T=t+ z/c
A

A — —
z Pt 2P| +ky,

deuteron

Pt P

Weak binding: P

a(wi, ki) = ”LPZOdy X n X Pp

Two- colov-singlet combinations of thwee 3¢ i k=0l
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Evolution of 5 color-singlet Fock states
d g
Wi (@i k1, Ai)

.0
.0
<

deuteron

2 2 —
(24, Q) = [FLi<C" Nd2k | jopn (i, oy ;)

5X 5 MatrixEvolution Equation for deuterovw
distribution amplitude
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QCD Prediction for Deuteron Form

Factor

F Q2= [-q-ﬁ-@]s 2 A, (ln %)-Tnduymd [1 + O (as (Q2), %)]

2
Q m sn

Define “Reduced” Form Factor

_ _Fy(@)
fd(Q2)=FN—24(Q2/4) .

Same large momentum transfer
behavior as pion form factor

&L(Qz) (1n Qf_ )-—('2/5)05/6
QZ AZ

fd(Qz) ~

I |
A=100 MeV

o
o
X B (a)
40 |0 MeV il
J *
c = | GeV:
w— 20 I
0
o
g 02|
—
od |NO
e ot [
+
0 | | | | |
8 | 2 3 4 5 6
Q2  (Geve)

FIG. 2. (a) Comparison of the asymptotic QCD pre
diction f; @2 (1/Q)[In @Q2/A)]~1-@/9CF/B with fir
data of Ref. 10 for the reduced deuteron form factor
where Fy(@Q? =[1+Q%/(0.71 GeV?]~2. The normali:
tion is fixed at the Q 2= 4 GeV? data point. (b) Comp:s
son of the prediction [1 + Q¥ m "] f,@Q%)=[In Q%/
AY]-1-(2/5 Cr/B with the above data. The value m 2
= 0.28 GeV? is used (Ref. 8).
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* 15% Hidden Color in the Deuteron
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* Remarkable Test of Quark Counting Rules

* Deuteron Photo-Disintegration yd — np
do _ F(t/s)

dt = gNtot—2

° ntot:1=6=3=3:13

Scaling characteristic of
scale-invariant theory at short distances

Conformal symmetry
Hidden color: Z—j(yd S ATTAT) ~ C:l—j(vd — pn)

at high pp Ratio predicted to approach 2:5
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Hidden Color inv QCD  Lepage, Ji, sib

* Deuteron six quark wavefunction:

* 5 color-singlet combinations of 6 color-triplets —
one state is|n p>

* Components evolve towards equality at short
distances

e Hidden color states dominate deuteron form
factor and photodisintegration at high
momentum transfer

® Predict 29(yd — A*™*A™)~%(yd — pn) at high Q?

Ratio = 2/5 for asymptotic wf
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Key QCD Panda Experiment

Test QCD scaling in hard exclusive nuclear
amplitudes

Manifestations of Hidden Color in Deuteron
Wavefunction

pd — 7 p
Ratio predicted to approach 2:5

pd — 7~ AT

Conformal Scaling, AdS/CFT
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Topics for BaBawr inv Exclusive Processes

* Diftractive Processes

* Odderon from pbar p and p p difference
* Timelike DVCS

* DVCS: Charge Asymmetry, J=0

* Double lepton pairs

e DVCS: Constraints on GPDs
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Topics for PANDA in Exclusive Processes
QCD at the Amplitude Level

e Measures of LEWF's, distribution amplitudes, transition distribution am-
plitudes

e Scaling of Fixed-Angle Amplitudes tests conformal window of QCD

e Quark-Interchange Dominance at large pr

e Crossing and Analyticity pp — ym vs. vyp — 7p

e Timelike GPDs from DVCS pp — ~v*, charge and spin asymmetry, J =0
Local seagull-like Interactions

e Transition to Regge theory at forward and backward angles

e Regge poles agr(t) — —1,—2 at large —t.

e Charm and Charmonium at Threshold

e Odderon Tests

e Second Charm Threshold pp — ppJ /1

e Diffractive Drell-Yan pp — £0J /1)

e Exclusive Anx, Anyn, especially at strange and charm thresholds

e Color Transparency

e Hidden Color of Nuclear Wavetunctions in pd reactions

e Exotic gggq and gluonium Spectra in pp — v Mx
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Heavy Quawk Topics for Pandov

* Mechanisms for Heavy Hadron and
Quarkonium Production Near Threshold

* Tests of Intrinsic Charm
* Quarkonium Attenuation at High xr

* Non-Universal Anti-Shadowing
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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, strangeness asymmetry, intrinsic
charm, anomalous heavy quark phenomena,
anomalous spin effects, single-spin
asymmetries, odderon, diffractive deep
inelastic scattering, rescattering, shadowing,
non-universal antishadowing ...

Truthv iy stranger thawn fiction, but it is because
Fictiow iy obliged to- stick to-possibilities.

—Mowrk Twaivv
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Looking
forwawd to-great
physics from
PANDA!
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