Timelike protow form factor in PQCD

B B

) 2N\ YV Ym0
nz;n brom (logﬁ>

X [1 + O (as(Qz), g’—jﬂ

Lepage and Sjb
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Timelike Proton Form Factor

» Define “Effective” form factor by

3m -

2
0=4noc BC

2

|F

2
s

A= et +2

2

2m .
2

pp

2
Gl

» Peak at threshold, sharp dips at 2.25 GeV,

3.0 GeV.

« Good fit to pQCD prediction for high m,.

N. BeirglerBerger
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Time-like Form Factors

5
% E760 Armstrong et al. (1993)
o A” data measure absolute Cross O E835(1) data Ambrogiani et al. (1999)
SeCtion GE — GM ® E835(ll) data Andreotti et al. (2002)
: @ CLEO datao Dobbs et al. (2005)
. . . A BES dato Ablikim et al. (2005)
® PANDA WI” PrOVIde Independent 10 — ¥ BABAR data PRELIMINARY (2005)
measurement of Gg and Gm 2
® widest kinematic range in a single
EXPe riment ¥ Costellano et al. (1973) s‘* .
O Bossompierre et al. (1977) I
A Delcourt et al. (1979) \‘+‘
® Time-like form factors are complex | © Biselloet ol (1983.1990) 1]
o2 L # Bardin et al. (1994) .
i & Antonelli et ol. (1994) b
® precision experiments will reveal % s & 7 & 9 10 20
s (GeV?
these structures (CeV)

B. Seitz PANDA range
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More to explore

Hep:-ph/0507085

R. Baldini et al. EP] C 46(2006) 412

® Time-like form factors are analytically connected to space-like form factors
® Time-like form factors are complex, get phase in addition
® expect a rich structure in time-like region from dispersion relation model

® even more to learn from single spin asymmetries B. Seitz

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

Measurement of hadron time-like form factors
angulowr Mmbuﬁovw Separate F1, F2

Leading power in
——» QLD
Fr(s) oc [g]™H1

Test QCD Counting Rules
Conformal Symwmetry: AAS/CFT S ry =T a0
Hadvon Helicity Covservation & = &
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3.0 ——— — S I I — ?8‘?0?0%-0?7 4.0:w x L LA LN LALENL A N N B m B YSSFONSO?-ONOG
— 3.5 |
> 2.5 - C ¢
s | ~30F ]
E:ilz.o? | 325% E
cé 1.5; Prec”["Eigaryé gz of 8
(52 i | £< + % Preliminary ]
%10% { ~~~~~~~~~~~ # 3 \j g1 o CLEO 7
=+ T ++*% ~1.0F + ' % ___________________________ \ -
\\\\\\\\\\\ ] DY
o5 T - 0.5F I -
0z 4 6 8 10 iz 4 0z 4 6 & i0 iz 14
0?(Gev?) a?l(Gev?)
Proton timelike form factor. Kaon timelike form factor.
New results from CLEO
Q?|Fk(13.48 GeV?)| = 0.85+ 0.05(stat) & 0.02(syst) GeV?
Q*|G%,(13.48 GeV?)| = 2.544 0.36(stat) 4+ 0.16(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 GeVZ.

lorthwestern University 16 K. K. Seth
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
October 15-16, 2007 126 SLAC

126



* ‘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 >k H+
. One-photon/two-photor
interference gives electrov-
. — positrovw asymumelry
"y = Small Effect from Z°
.
H_
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Single-spin polarization effects and the determination of timelike proton form factors

sin20ImGEG,, (7—1)sin20ImF5F, Carlson, Hiller,
— Hwang, sjb

73:

' D\t D\t

1
D=|G,,|*(1+cos*8)+ ;|GE|2sin20;

T= q2/4mé

Measure
relative phase

of form factory
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Key QCD Experiment at FAIR

sin20ImGEG,;, (7—1)sin20ImF}F,

Py
DAN\T DT
p N
polarized
X
-
e
p
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Single-spin polarization effects and the determination of timelike proton form factors

Carlson, Hiller,
Hwang, sjb

2 cos 0| G ,|*
D

1
D=|Gy|*(1+cos*6)+ ;|GE|2sin2c9;

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

Carlson, Hiller,
Hwang, sjb

2sin ORe G5 Gy,

D\r

1
D=|G|*(1+cos*6)+ ;|GE|zsin20;

Requires beawm and leptov
polarigation
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Quawk-Counting : % (pp — pp) = Fo%u)

n=4x3-2=10

1 1 1 1 | LI L) I _r 1 I I T 11 I 1 T L
10730+ J10730
o ° 68°
109 |- 90 75 oo
10-32)- 1072 Best FIX
10-31 Ao n=97+0.5
2
cm % 4103
10-s0L > Reflects
100t lo»  underlying
conformal
10-32- 18 1032
scale-free
10-33}- 10 . .
interactions
10-34 ] 1 1 1 1.1 | ) W I I | 1 | I I | 10—34
S—» 15 20 3040 60 80 s—» 15 20 30 40 60 80 5415 20 30 40 60 80
Ge VZ P.V. LANDSHOFF and J.C. POLKINGHORNE
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Key QCD Experiment at FAIR
P

47 (pp — pp) at large pr

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

F(t/s) M (s, t) ~ FYe)

4 (pp —Pp) ~

Test Quark Interchange Mechanism

Single-spin asymmetry Ap

| | Study Fundamental A spects of
Exclusive Transversity Axy
Nucleow Force
Test color transparency
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

P

Ccll_i(pp — 7) at fixed angle, large pr

p > WK )/
do [ — F S

Tests PQCD and AdS/CFT Conformal Scaling

Handbag Approximation Irwalid, inv PQCD
Single-spin asymmetry Apn

Exclusive Transversity Axy

Test color transparency

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Compton-Scattering Cross Section on the Protow at Highy Momentwm Trowsfer

10° x10 5
- / s =6.8 GeV
- F
(\l> - TN, A A A
Qe 1
Sk Jefferson Lab
- F Hall A
B F Collaboration
©T 10 =
3 Alan Nathan, et al
1% 2 4 6 :
-t (GeV?) o 1 ]
: o ¢ X + ¢
Compton at fixed angles falls i ]
faster than photobroduction! ~ 7 +€ N
S I 1 pQCD
c M- # —
T ] =6
Open points: Cornell measurement 5:— —:
M. A. Shupe et al., Phys. Rev. D 19, 1921 (1979). |- -
450 80 00 120
Ocm (deg)
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Ratio-of Real Compton-Scaltering Cross Sectiov
to-Electirow -Protonw Scattering at Fixed CM Angle

Ratio-

energy -
independent
al large s ?

A. Nathan
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d—(’:(d—“j SR+ [RA()]

dt dt
35 T | I I
Rv/dipole
i 3.0 - s=7 s=9 s=11 { i
O
i {
0O
5 25| ﬁ { { { -
3 { ¢
L 20+t -
E L, wowwwr™ L
1.5 F1/dipole )
195 3 £ 5 6 7
-t (GeV?)
Agrees witiv PQCD
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Recent results from Belle ©72>rprp

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

0.12 ) -
] cos 7l (vy — pp)
0.10} -
3.0 < /5 < 4.0 GeV
0.08 e BELLE -
L
= 0.06
oot _JfL]
o2l
+
%0 01 0z 03 04 05 0
| cos 4|
Energy dependence Angular dependence
(GPD curve from Kroll/Schdfer)
Michael Duren
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Cross section comparison Belle |77 > 1P

complete diquark T Fermilab pp —=2yy
1o - - —- diquark, only helicity E _
conserved amplitudes ] PANDA |pp — VY
—=—-= three-quark .
1 ) _
= cosO’| < 0.6
:‘_._ \H . .
E“ . e E760 feed down llmlT\
= voE e from mw and Ty
5 (upper limit of yy
I T\ Signal;approximately)
E o CLEO
[ O VENUS
L A 13
[ o OPAL
10 - PR N N T T T A T [N TN T N N T AN T S T
2 22 24 26 28 3 32

0.2 pb
Michael Duren
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Key QCD Experiment at FAIR
pp — VY
* Test DVCS in Timelike Regime
* J=o0 Fixed pole: q> independent
* Analytic Continuation of GPDs

* Light-Front Wavefunctions

* charge asymmetry from interference

Pp — Y — 4T0 — 4T pp — ppy — Yy = £y

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

*Much larger cross section
P Hard exclusive (compqred to yy) makes
meson it easier to accessl!
i production *3-y final state
P (large py)
2.8
240 T df(_f; 2(pp — v
90l s = 13.59 GeV? $
1.6}
Ha)
=
1.2

2 E760 results
Michael Duren
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Key QCD Experiment at FAIR

D
Cfl—‘;(pp — 7) at fixed angle, large pr > >.( It
Y
d _ F(t/s F v
9 (pp — vy) = “54

Local Two-Photon
(Seagull) Interaction

Close, Gunion, sjb
Tests PQCD and AdS/CFT Conformal Scaling

Angle-Independent J=o0 Fixed Pole Contribution:

- 1 do 1
M(pp — vv) = F(s) < — — (P — 7)o 5
S L S
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

Measure all antiproton + proton exclusive channels
pp — 7Y

PQCD: No handbag dominance
for real photons

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

pp — Ym0
p — KTK—

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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B LR TDA

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

pp — 7 *r 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)

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

KT S KT KT KT

p ” p p p
Quawk Interchange Gluonw Exchange
(Spinvv exchange inv atonm- (Vo der Waal - -
atom scaltering,) Landshoff)
do _ [M(s,0)]?
dt 52
M (¢, U)interchange X # M (s, t)gluonexchange o sF(t)

MIT Bag Model (de Taw), large Nc, (‘CtHooft), AdS/CFT
all predict dominance of quark inferchange:
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Remawkable prediction of AdS/CFT:
Dominance of quark interchange

Example: M(Ktp — KTp) u—12
Exchange of common u quark

Mgy = [ d%k, dx @bg@)A!DA%DB

Holographic model (Classical level):

Vv VY
D
©
4

Hhr
P

o u S Py
Hadrons enter 5th dimension of AdSs P \J/d N \J 52005
Quarks travel freely within cavity as long as
: _ 1

separation z < zg = oo
LFWFs obey conformal symmetry producing
quark counting rules.

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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AdS/CFT explaing why

Quark Interchange qu/ WWW [/5/
dominont
momentuwm tronsfer
inv exclusive reactions

1
M (t,u)interchange X -2

Non-linear Regge bebavior:

apr(t) — —1

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
October 15-16, 2007 148 SLAC
148



VOLUME 60, NUMBER 12 PHYSICAL REVIEW LETTERS 21 MARCH 1988

Comparison of Exclusive Reactions at Large ¢

B. R. Baller, @ G. C. Blazey, )y, Courant, K. J. Heller, S. Heppelmann,(C) M. L. Marshak,
E. A. Peterson, M. A. Shupe, and D. S. Wahl@
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.: nip-epn i,pp SN AV SN @b i,(AO/ZO)KO;
K*p—pK7?, p Tp— 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.

ks s kT o d d k*
U
Tp—pr—, u . | S
|
Kip—"’pKi, u u l u S o
P U u p P U u A
rE¥p—pp*, d GEXx d : d ANN d
ntp—nta®, kTS s kT | 7 d d K’
+ u U | u S
rrfp—K*tz*, |
o A0 0 0g0 u u | u S Lo
np AK,ZK, P U u p ‘ P d d A
d QIN d u COM u
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Key QCD Experiment at FAIR

‘#
pp — KTK™ @
s« tt< u crossing of Ktp — Ktp
— + p— 1
M(pp — KTK™) . —
do 1
E OXC 610 at large t,u
st
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

pp — ATTAY - (prT) + (pr7)

Test quark interchange mechanism

Measure Ratio

9 (pp — ATTAL) 1 4o (pp — pp)

Test 10 = Fgel%m) AdS/CFT conformal scaling

Single-Spin Asymmetry Ay of A

Test Hadron Helicity Conservation:

Att +Anc = Ap+ Ap = —1,0,+1.

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

P. V. Pobylitsa, V. Polyakov T
and M. Strikman,

“Soft pion theorems for hard near-threshold
pion production,”

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

Small pm invariant mass,; low relative velocity

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

do (— _ __ F(6
4 (pp — (ap)p) = F'len)
No extra fall-off Same scaling as
_ _ F(6
42 (pp — pp) = gfom)
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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The remarkable anomalies of
protovv-protovw scatlering

* Double spin correlations
* Single spin correlations

* Color transparency

FAIR Workshop Novel Anti-Proton QCD Physics
October 15-16, 2007 153

Stan Brodsky
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Spin Correlations in Elastic p — p Scattering

P17

P71

polarization normal to scattering plane

Ratio reaches 4:1!
Plab

A. Krisch, Sci. Am. 257 (1987)
"The results challenge the prevailing theory that describes the
proton's structure and forces"

pr
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larger t region can be
explored in pp

HEP 2006, Chile, Dec 11-16

Diffraction for all

K. Goulianos
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Key QCD Experiment at FAIR

Anpn for pp — pp

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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A. Krisch, Sci. Am. 257 (1987)
"The results challenge the prevailing theory that

“Ex(,‘lusz.‘v& describes the proton's structure and forces"”

Transversity”

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

Coincidence?: Quenching of Color
Travsparency
Coincidence?: Chawrmv and,
Strangeness Thwesholds Diab

Alternative: Six-Quawk

Hidden-Color Resonances

FAIR Workshop Novel Anti-Proton QCD Physics
October 15-16, 2007
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Stan Brodsky
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%?m\ Colevenca alr \mq\lu\ TJQ-.-L "T\uﬂk\hﬁi

/\ u N\ S /\
WAy A e NN
g \./} : ? \J
g < &g %\vc\«d Attty @ el TR~ O
56 6% fo= 3x2 =6 GV PS> T B
[\ u N /\ ™
> \ y > { p > % 1\)-“ VA ‘—\.‘)\J{‘_ 68:) ‘V;H \‘
P \./} : \\// ? \J
QCD —E =2 \"QE‘:‘\“-‘&LQ neay
° Lol & AN, C.
Schwinger-Sommerfeld hrrerha
Enhancement at Heavy Q0 (%r >%%) ks ?
Quark Threshold 8k XY R
\i? ~ T Gen (cTuud wuwd) ?
Hebecker, Kuhn, sjb N k¥
S. J. Brodsky and G. F. de Teramond, “Spin N \‘\3 L T oe \\
Correlations, QCD Color Transparency And
Heavy Quark Thresholds In Proton Proton Cigek Witwsw N Anag o \@“-335 1 O
Scattering,” Phys. Rev. Lett. 60, 1924 (1988). Oea = 0
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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
o4 L Scattering,” Phys. Rev. Lett. 60, 1924 (1988).
ANN
0.2
ok Quark Interchange 4+ 8-Quark Resonance
_ L 1 L | 1
02 0 5 10
Piab (GeV/ic)
0.8 | T T l |luuduudee > Strange and Charm Octoquark!
o6 | b ®)

M =3 GeV, M =5 GeV.

Ay = do(11)—do(1])
do(11)+dos(1])
o ° 11.75 GeVic |
-02 i 1 | 1 ]
3 4 5
P2 [Gevrc)?]
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Key QCD Experiment at FAIR

Open Charm

Pp — Ac(eud) DO (cu)p

p

Ne(cud).

Total open charm cross section at threshold

o(lpp — cX) ~ 1ub D DO (cu)

needed to explain Krisch Anpn

Compare with strangeness channels p A(sud)
pp — /\(sud)K"‘(Eu)p D
p KT (su)
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

* 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 /¥
pp — PAcD

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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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

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Color Transparency Ratio

proton;
proton,
o
do/dt for / c)0 proton,
126 --"\ o ©
Tpp‘
Z do/dt for

\ / proton:
proton; .g\

J. L. S. Aclander et al., proton,
“Nuclear transparency in 6., = 900

quasielastic A(p, 2p) reactions,”

Phys. Rev. C 70, 015208 (2004), [arXiv:nucl-
ex/0405025].
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06 B (b) 7]

0.4 | -

Top

0 1 1 | 1 ] 1 | 1 |
6 8 10 12 14

Beam momentum [GeV/c]

PHYSICAL REVIEW C 70, 015208 (2004)

Nuclear transparency in 902_m. quasielastic A(p,2p) reactions

J. Aclander,’ J. Alster,’ G . Asryan, L& Y Averiche,’ D S. Barton V. Baturm =T N. Buktoyarova G Bunce,'
A. S. Carroll,"* N. Chnstensen YH. Courant S. Durrant G. Fang K. Gabrlel S. Gushue K. J. Heller S. Heppelmann2
L Kosonovsky A Leksanov Y. L MakdlSl A. Malki,’ I Mardor,’ Y. Mardor M. L. Marshak D Martel,”*
E. Minina,” E. Minor,” L. Navon H. Nlcholson A. Ogawa Y. Panebratsev,” E. Pldsetzky, T. Roser J. J Russell4
A. Schetkovsky, 2N Shlmanskly, M. A. Shupe, 3 S. Sutton M. Tanakal“J A. Tang, I. Tsetkov,” J. Watson,® C. White,
J-Y. Wu,? and D. Zhalov*
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Nuclear Transparency, T,

FAIR Workshop
October 15-16, 2007

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Color Transparency fails
when Ay, is large

Mardor [1] +a-
Leksanov [2] +e~
Carroll-C [3] &+
Carroll-Al [3] +&-

1/R(s) —

1606

Q2 5 8 10 15 |
6 8 10 12 14 16 18
P« Effective beam momentum [GeV/c]
Novel Anti-Proton QCD Physics Stan Brodsky

SLAC
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Eva Bunce, Carroll,

Experiment Heppelman...
BNL
Rapid Angular Variation!
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key QCD Experiment at FAIR

Test Color Transparency

99 (pA —pp(A—1)) — Z x % (pp — pp)

No absorption of small color dipole
at high pp —

Key test of local gauge theory
Traditional Glauber Theory: o4 ~ Z1/3¢,

FAIR Workshop Novel Anti-Proton QCD Physics
October 15-16, 2007 168

A.H. Mueller, SJB

Stan Brodsky
SLAC
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Theory:
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Diffractive Dissociation of Piow

into- Quawrk Jety
E791 Ashery et al.
by ~0 (1/k; )
i . ST ki1
T Xo, kiz
A A 2
0
M X 82kJ_¢7T(x7 kJ_)

Measwre Light-Front Wawvefunction of Piow

Minimaol momentum tronsfer to- nuuclews
Nuclews left Intact!

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Mueller, sjb; Bertsch et al;
Frankfurt, Miller, Strikman

Measwre piow LFWF in diffractive dijet production
Confurmatiow of color transparency

A-Dependence results: o x A®
k; range (GeV/c) . a (CT)
1.25 < k< 1.5 1.64 +0.06 -0.12 1.25
1.5 < k< 2.0 1.52 + 0.12 1.45
Ashery E791
2.0 < k<25 1.55 £ 0.16 1.60

a (Incoh.) = 0.70 £ 0.1

Covwentional Glauwber Theory Ruled Factor of 7
out !

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Key Ingredienty ivv €791 Experiment
by, ~0 (1/k,)

¢ X1, Kyt Brodsky Mueller
T : ' R Frankfurt Miller Strikman
T X, Ko

A A

Small color-dipole moment pionw not absorbed;
interacts withv each nuucleovw coherently
QCD COLOR Trawnsparency

My= A My

4o (r A — qgA") = A2 (7N — qgN') F3(t)

q

q

N
Target left intact

Diffraction, Rapidity gap
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Deuteron Photodisintegration and Dimensional Counting

P.Rossi et al, P.R.L. 94, 012301 (2005)

—
o
»~
°

30° = 9> <40°

40° = 9" <50°

o _— E
?@ — » LTI X=3.29 X=1.28
G 10 | ey . =
N L0 s -
3 - s
5 10 4j | | | ‘ o | [ | | ‘ Tl |
10 e 50° = 8" <60° = 60° = %" <70°
© - ,, X=4.1 ;@%-'_‘ ' =128
~. 10 = e
b — ® —
-2 —
N A T e U — <
107k ° < ° E o< 0
%.‘. ’ 2=1.4 %...‘ ’ ¥2=1.05
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PQCD and AdS/CFT:

s”fof_z%(A +B—C+D) =
FA—I-B—>C—|—D (GCM)

s"490(yd — np) = F (6cum)

Nior — 2 =
(1+6+3+3)-2=11
~vd — (uuddduss) — np
at s ~ 9 GeV?

~vd — (uuddducc) — np
at s ~ 25 GeV?

Stan Brodsky
SLAC
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Key QCD Experiment at FAIR

Test QCD scaling in hard exclusive nuclear
amplitudes

Manifestations of Hidden Color in Deuteron
Wavefunction

pd — TP
pd — nry
pd — pd
oy — F
Conformal Scaling, AdS/CFT Ccli—g(pd — T p) — Eflc:ém)
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- 0.5 | | I I | I
C:J;; 0.4 i Deuteron Reduced Form Factor
z

N& * ~ Pion Form Factor X 15%
T 03 _
LLD X
—~02F i
£ %*Jﬁ,# o ¢
Nclr 01F # ¢ i
- 0 | | | | | !

o 1 2 3 4 5 6 7
2763M18 —q2 (GeV?)

* 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 — ghtot—2

Niot = 1 6+34+3 =13

Scaling characteristic of
scale-invariant theory at short distances

Conformal symmetry

. d d
Hidden color: d—j(’yd S ATTAT ) ~ d—(;(fyd — pn)

at high pp Ratio predicted to approach 2:5

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Deuterow Light-Front Wavefunction

Fixed T=t+ z/c

Pt =pO 4 p? N

zPT,2,P| +k|;

deuteron
P+, B
Weak binding: P !
" _ bOdy E > T =
Va(xi, k) =0, 7 X n X Pp
Two- color-singlet combinations of thwee 3¢ 2i k=01
FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky

October 15-16, 2007 178 SLAC

178



Evolution of 5 color-singlet Fock states
d —
Wi (@i k15 Ai)

‘0
.0
&

deuteron

> ki ;=0

=1

2 2 —
(24, Q) = [FLi<9" a2k | jon(ai, k] ;)

5X 5 Matrix Evolution Equation for deuwterow
distribution amplitude
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Hiddew 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

" d _ d .
® Predict 22(yd — AT"A™) ~%2(yd — pn) at high Q*
Ratio = 2/5 for asymptotic wf
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October 15-16, 2007 180 SLAC
180



Test of Hiddewn Color inv Deuteron Photodisintegration

/y 'S
'...... do- _I__I_ -
. ¥(yd— ATTAT)
....A
Hidden Color Delta-Delta
Fock State Fock State
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Test of Hiddew Color inv Deuteron Photodisintegration

_ FGd-atta—)

) Ratio predicted to approach 2:5
T (rd—pn)

Possible contribution from pion charge exchange at small t.

Ratio should grow with transverse momentum as the hidden color
component of the deuteron grows in strength.

A

VS.
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Key Experiment at GSI FAIR

Test QCD scaling in hard exclusive nuclear
amplitudes

Manifestations of Hidden Color in Deuteron
Wavefunction

pd — T p
Ratio predicted to approach 2:5
pd — - AT

Conformal Scaling, AdS/CFT
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Topics for FAIR inExclusive 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. yp — @p

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

e Transition to Regge theory at forward and backward angles

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

e Charm and Charmonium at Threshold

e Odderon Tests

e Second Charm Threshold pp — ppJ /v

e Diffractive Drell-Yan pp — £0.J /1)

e Exclusive Ayn, Ann, especially at strange and charm thresholds

e Color Transparency

e Hidden Color of Nuclear Wavefunctions in pd reactions

e Exotic ggqq and gluonium Spectra in pp — yMx

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Topics for FAIR in Di-Muow Production

* Direct Higher Twist Processes
* Single-Spin Asymmetry
* Double Spin Correlation: Transversity

* Lam-Tung Violation in Continuum and J/Psi Production:
Double ISI

* Role of quark-quark scattering plus bremsstrahlung: color

dipole approach
* Double Drell-Yan: Glauber vs Handbag

* Associated System - Tetraquark and Gluonium States

FAIR Workshop Novel Anti-Proton QCD Physics Stan Brodsky
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Heowvy Quawk Topics for FAIR

* Mechanisms for Heavy Hadron and
Quarkonium Production Near Threshold

e 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, 1ntrinsic
charm, anomalous heavy quark phenomena,
anomalous spin effects, single-spin
asymmetries, odderon, diffractive deep
inelastic scattering, dangling gluons,
shadowing, antishadowing ...

Truthv iy stranger thaw fiction, but it iy because
Fiction iy obliged to- stick to-possibilities.

—Mowk Twaivv
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Thanks to Diego Bettoni
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