Diffractive Dissociatiov of Piow

into- Quawrk Jety
E791 Ashery et al.
by ~0 (1/ky)
l X1 ki1
T " Xo, kiz
A A 82
M o 32k,J_¢7T(337 kJ_)

Measure Light-Front Wowefunctiow of Piow

M inimal momentuwm tronsfer to- nucleus
Nuclews left Intact!
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£791 FNAL Diffractive DiJet

by ~0 (1/k,)
i X1s Kiq
| o
T - (
T Xo, Ky o
A A’

Gunion, Frankfurt, Mueller, Strikman, sjb
Frankfurt, Miller, Strikman

Two-gluonw exchange measwres the second derivative of the piovw

light-front wawvefunctionw
q
2
i 4._[\_'7 %
\)A—?—q M asz%T(ankl)
[
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Key Ingredienty inv €791 Experiment
b, ~0 (1/k;)

i X1, Kit Brodsky Mueller
T : ( R Frankfurt Miller Strikman
T Xo, Ky o

A A

Small color-dipole moment pion not absorbed;
interacty withy eachy nuucleovw cohervently
QCD COLOR Trawvvsparency

T ‘ ’ Cfl_i(wA — qgA’) = A? ‘é—‘;(ﬂN — qqN’) fo(t)

| N "
A i ! ! \/ Target left intact
- Diffraction, Rapidity gap
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Color Travusparency

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 Diftractive Di-Jets
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e Fully coherent interactions between pion and nucleons.

e Emerging Di-Jets do not interact with nucleus.

M(A) = A- M(N)
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Mueller, sjb; Bertsch et al;
Frankfurt, Miller, Strikman

Measwire piow LFWF inv diffractive dijet productionw
Confurmatiow of color transparency

A-Dependence results: o ox A?
k; range (GeV/c) - a (CT)
1.25 < k< 1.5 1.64 4+0.06 -0.12 1.25
1.5 < k< 2.0 1.52 £ 0.12 1.45
Ashery E791
2.0 < k< 2.5 1.55 £ 0.16 1.60

« (Incoh.) = 0.70 £ 0.1

Covwentionald Glauber Theory Ruled Factor of 7
out !
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E~791 Diffractive Di-Jet transverse momentum distribution

g“of’ ft —ddk" Two Components
g T |
Z 104 — Gaussian High Transverse 65
momentuwm dependence kp~
| consistent with PQCD,
03 ERBL Evolution
j Gaussiov component similow
102 \l “ to-AdS/CFT HO LFWF
1795 1416 18 2 22 24 26 28 3
kT (GeV)
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70
- 1.25 2k, =1.5 GeV/c - 1.5k 2.5 GeV/c
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X

:
Ashery E791
Nawrowing of v distribution at higher jet tronsverse momentum

x ' distribution of diffractive dijets from the platinum target for 1.25 < k; < 1.5 GeV/c (left) and for

1.5 < k; < 2.5 GeV/c (right). The solid line is a fit to a combination of the asymptotic and CZ distribution amplitudes.
The dashed line shows the contribution from the asymptotic function and the dotted line that of the CZ function.

Possibly two components:

Nonperturbative (AdS/CFT) and  ¢(z) \/ (1 —z)

Perturbative (ERBL)
Evolution to asymptotic distribution
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Gravitational Form Factor of Composite Hadrons

e Gravitational FF defined by matrix elements of the energy momentum tensor © 1 ()
(P'1O7*(0)| P) =2 (P*)" A@")
e OM" is computed for each constituent in the hadron from the QCD Lagrangian
Laop = ¥ (i Dy —m) § — 3G}, G

e Symmetric and gauge invariant ©#” from variation of Sgcp = f d4a:\/§ Lqcp with respect to

2 05qcp .
V9 0guv(z)

O = 3i(y"D” +4"DH) ¢ — g (D — m) ¥ — GG + 19" G G

four-dim Minkowski metric g,,,, ©*" (z) =

e Quark contribution in light front gauge (AT = 0, g™ = 0)
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Grovitationad Form Factor onthe LF
1
A) = | @i [@iue T g,
0

whe/re/~ ) 27 . Extraw factor of x
:?(337 1) = /(27T)2 e qﬂ%@a?ﬂ) relative to- charge
n—1 n—1 ]COVVVI/]CULCtOV
:Z H /da:jd%;LJé(l—z— ij)
n j=1 g=1
n—1 5
(2) - h (- B

X5 (j:1 x]bJ—J TIJ—) ,lvb’n(x]’ bJ—])‘ FO‘V ea/d\/q ](/ i

Integrate over angle
2\ _ ' _ Il =g (o
Alg )—27T/0 dz (1 )/CdCJo<Cq )%( ¢)

xr
n—1
Jb
¢ = \/ 1—x‘;ijLj’
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Grawvitational Form Factor inwAdS space

e Hadronic gravitational form-factor in AdS space
dZ 2
Ax(Q%) =R’ | 5 H(Q% 2) |2 (2)",
z3 Abidin & Carlson

where H(Q?, 2) = Q%22 K5(2Q)

e Use integral representation for H (2, )

1
H(Q?, 2) :2/ a:de()(zQ 1—x>

0 i

Write the AdS gravitational form-factor as

4@ =28 [adn [ % (z@ — x) ©r(2)]

95

e Compare with gravitational form-factor in light-front QCD for arbitrary ()

- 2 _ R [P (¢)I°
wqa/w<$7<)‘ — %Zlﬁ(l _33) C4 9
Identical to-LF Holography obtained from electromagnetic cuwrvent
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1
H(QQ,z):2/O:Ud:EJO<zQ 1;x>

A(QZ):2R3/azdaz j;JQ<2Q 1_”3> B(2)]° . AdS

X

Compawe with gravitational form factor from LF

(QQ)—QT('/ dr (1 — x) /CdCJ()(CQ 1_33) p(x,() LF
Holography: identify AdS and LF density for all @

R |®(Q

~ _ 9 .

IO('CE7 C) 27T 1 —r C4
withv 1

I
CE CZ\/l_x|ijb“
J
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Holographic result for LFWF identical for electroweak and
gravity couplings! Highly nontrivial consistency test

AdS/QCD cowvpredict

* Momentum fractions for each quark flavor and

he gl
EBMONS 4 (0) =< 2y >, 3" 45(0) = A0) = 1
* Orbital Angular Momentumfor each quark flavor

and the gluons B(0) =< I3 >, 3" By(0) = B(0) = 0

2 : f :
* Vanishing Anomalous Gravitomagnetic Moment

e Shape and Asymptotic Behavior of Af(Q*), Bf(Q?)
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Consider the AdS5 metric:

ds® = f—;(nwdaz“dmy — dz?).

ds? invariant if z# — \z*, z — Az,

Maps scale transformations to scale changes of the the holographic coordinate z.
We define light-front coordinates ot = 20 4+ 23,

Then n*’dx,,dx, = dro? — das® —dx | ? = datde™ — dx | ?

and

ds? — _f_j(deQ 4+ dZQ) forrT = 0. LW’FVOMA%5 DM«OLUI)/

e ds?isinvariantif dz | ? — A2dx |2, and z — Az, at equal LF time.

e Maps scale transformations in transverse LF space to scale changes of the holographic coordinate z.

e Holographic connection of AdSs to the light-front.

e The effective wave equation in the two-dim transverse LF plane has the Casimir representation L?
corresponding to the SO(2) rotation group [The Casimir for SO(N) ~ SN~ 1is L(L + N — 2) 1.
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Second Moment of Piow Distribution Amplitude
1
< & >=/1d€ E¢(¢)

E=1-—2x

<& >,=1/5=0.20 Pasympt X (1 — T)

< 52 > = 1/4 = 0.29 ¢AdS/QCD X \/Q’J(l — ZIZ‘)

Lattice (I) < &* >,=0.28 +0.03 Donnellan et al.
Lattice (IT) < &2 >,= 0.269 4 0.039 Braun et al.
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Sp@cebk@pwwforwvfwotor fromAdS/CFT

q2(GeV2) . QQ(G€V2)

Data Compilation from Baldini, Kloe and Volmer

SW: Harmonic Oscillator Confinement

HW: Truncated Space Confinement

One parameter - set by pion decay constant. de Teramond, sjb
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AdS/QCD

in

Contributions to Mesons Form Factors at Large () i

Note

e Write form factor in terms of an effective partonic transverse density in impact space b |

.CE’ b7 Q)?

1
/ dx/db2ﬁ(
0

(x,b)|*and b = |b_|.

bQ(L — )] |4

q7°)

e (

F.

with ﬁ(xa b7 Q) = mJo [

, Q) is shifted towards small |b | and large x — 1 as () increases.

b

e Contribution from p(z,

7-2007
8755A5

D
0
Q000
DO
QRO
R,
AR
LR

XIOORKEIKK KIS
R R R
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e
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Fig: LF partonic density p(x, b, Q): (a) @
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e Baryons Spectrum in "bottom-up” holographic QCD
GdT and Brodsky: hep-th/0409074, hep-th/0501022.

Bawyons ivv
Ads/CFT

e Action for massive fermionic modes on AdSg 1:
S[W, U] = /dd+1x VI (z,2) (z’FEDg — ,u) U(x, 2).
e Equation of motion: (z’FeDg — ,LL) U(x,z) =0
. fm d 14
[z (zn 'Oy, + §Fz> o ,uR] U(z") = 0.
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Baryons

Holographic Light-Front Integrable Form and Spectrum

e In the conformal limit fermionic spin-3 modes ¢({) and spin-3 modes ¢/, (¢)

are two-component spinor solutions of the Dirac light-front equation

all(C)1h(¢) = My(C),

where H; r = all and the operator

[+ 1
Ih@)i(d +2%>,

dg G
and its adjoint HTL(C) satisfy the commutation relations

(0, 0] = 5

e Supersymmetric QM between bosonic and fermionic modes in AdS?

v5-

Edinburgh AdS/QCD & Novel Phenomena Stan Brodsky
August 18,2008 131 SLAC & IPPP
131



e Note: in the Weyl representation (zac = ~53)

| 0 I 0 I I 0
1 — ’ 6: ) Y5 =
—I 0 I O 0 —I

e Baryon: twist-dimension3+ L (v =L+ 1)
Osyr =Dy, ... DgpDy,,, .. Dy yb, L= 4

e Solution to Dirac eigenvalue equation with UV matching boundary conditions

¥(¢) = CV/C [Tp1 (CM)ug + Jppa(CM)u_].

Baryonic modes propagating in AdS space have two components: orbital L and L + 1.

e Hadronic mass spectrum determined from IR boundary conditions

Y+ (¢ =1/Aqcp) =0,

given by
M = Burhqep, My = Bur1kAqep,
with a scale independent mass ratio.
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| | | | |
o N (2600),-
L / — p—
@ 1=1/2 e (b) 1=3/2
. N (2250) /7 P d
(\|> 6 — N (2190) 7 — A (1950) // —
[0) N (1700) P A (1920) P
S N (1675) 4,’ A (1910) s
N N (1650) P A (1905)
= 4 - N(1535) - N (2220) — =
N (1520)
J P A (1232)
.
2~ N (1720) B —— 56
N (1680) ®  a@700) ——— 70
A (1620)
N (939)
0 | | | | | | | | | | | |
0 2 4 0 2 4 6
1-2006 L L
8694A14

Fig: Light baryon orbital spectrum for AQCD = 0.25 GeV in the HW model. The 56 trajectory corresponds to L

even P = + states, and the 70 to L odd P = — states.
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SU®B) S L Baryon State
1 1+
56 L 0 N3 " (939)
5 9 A2 (1232)
70 1 1 N1 (1535) N2 (1520)
3 1 N3 (1650) N5 (1700) N2 (1675)
1o A3 (1620) A3 (1700)
56 1 2 N37(1720) N27(1680)
32 ALlT(1910) A37(1920) AZT(1905) AIT(1950)
70 1 3 N3 NI
3 3 N2~ N2 NI (2190) N2 (2250)
1 5 7
5 3 Az (1930) A3
56 L 4 NIT  N2T(2220)
% + 7+ 9+ 11+
3 4 A3 AT A2 ALLT (2420)
1 B 11—
0 1 s N2 N7 (2600)
3 7 9— 11— 13~
3 5 Ny Ny Ny Ny
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Non-Conformal Extension of Algebraic Structure (Soft Wall Model)

e \We write the Dirac equation

(aII(¢) = M) (¢) =0,

in terms of the matrix-valued operator 11

1
HI/(C) = —1 <dd<- _ V—Ci-— 2/75 — /{2075) ’

and its adjoint HT, with commutation relations

. 10) = (P - 26

e Solutions to the Dirac equation

e Eigenvalues
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e Baryon: twist-dimension3+ L (v =L + 1)

Ostp =¥Dyy, ... DoDyyyy - - Doyth, L= 4.

e Define the zero point energy (identical as in the meson case) M? — M? — 4x2:

M? =4x*(n+ L +1).

N{(2220)

N(1720)

N{1680)

N{(940)

0 1 2 3 4 5 6

Proton Regge Trajectory ~ = 0.49GeV
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A ot
172"
+
VB (G 13/2
8 (GeV') 52" o~ D152+(2950)
A,,,+(2390) 1172
Ag),+(2300)
N=0 A44112%(2420) . .
6k A,;,*(1910) Ag,~(2223) 52" o2
—> A4,%(1920) A7,,7(2200) e 11/2°
Aslfg ggg; 15://22+ Ayg17(2750)
Azp* -
4 A,7(1620) 1"’ A —3(/;350)
A,,,-(1700) 32" 52 ¥ _
2 A, +(2200) 72 N=1
A;,,-(1900) 5/ i A9/2_(2400)
Ay,*(1232) Ay, (1940) €—
2F A, ,+(1750) Ag,-(1930)
Aq,*(1600)
L+N
0 [ ] [ ] [ ] [ ] [ ] [ ] [ ] >
0 1 2 3 4 5 6

E. Klempt et al.: A" resonances, quark models, chiral symmetry and AdS/QCD

H. Forkel, M. Beyer and T. Frederico, JHEP 0707 (2007)
077.

H. Forkel, M. Beyer and T. Frederico, Int. J. Mod. Phys.
E 16 (2007) 2794.
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Space-Like Dirac Proton Form Factor

e Consider the spin non-flip form factors

F(QY) = g. / a¢ J(Q, Q)+ (O

2 2
FL@) = g [ dCIQON- ()P
where the effective charges g+ and g_ are determined from the spin-flavor structure of the theory.

e Choose the struck quark to have S* = +1/2. The two AdS solutions 1/ (() and ¥_(() correspond
to nucleons with J* = +1/2 and —1/2.

e For SU(6) spin-flavor symmetry
F(Q?) = / 4¢ J(Q, Ol ()2,
Fr@) = —3 [ 4010 [6+(OF - 1]

where F{(0) =1, F*(0) = 0.
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e Scaling behavior for large Q*: Q*FF(Q?) — constant | Proton 7 = 3

9-2007
8757A2 Q? (GeV?)

SW model predictions for k = 0.424 GeV. Data analysis from: M. Diehl et al. Eur. Phys. J. C 39, 1 (2005).
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Dirac Neutron Form Factor
(Valence Approximation)

Truncated Space Confinement

QIF(Q?) [GeV

-0.35;

1 2 3 4 5 6

Q% [GeV?]

Prediction for Q* F'1*(Q?) for Aqcp = 0.21 GeV in the hard wall approximation. Data analysis from
Diehl (2005).
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e Scaling behavior for large Q%: Q*F7*(Q?) — constant | Neutron 7 = 3

04 A TR
0 10 20 30

9-2007

8757A1 Q? (GeV2)

SW model predictions for kK = 0.424 GeV. Data analysis from M. Diehl et al. Eur. Phys. J. C 39, 1 (2005).
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Spacelike Paudi Form Factor

Preliminary
From overlap of L =1 and L =0 LEWF's
' Harmonic Oscillator
| Confinement
- Normalized to anomalous
05 moment
p 2\ |
F(Q7)
1t
k= 0.49 GeV
0.5
0 1 2 3 4 5 6
QQ(GeVQ) G. de Teramond, sjb
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Light-Front QCD QCD
Heisenberg Equatiov

8 qoqaqg

5,3; _ps 9 9999 . ;}M . . ;:w
g 10 qiegg | - I P e
— g f qiaagg | - ' S R
k,c K,c

12 qqqaqqg

1 2 3 4 5 6 7 8 9 10 1 12 13
n  Sector q [ qqg qaqq 99 qqgg9 | 99999 | 99qdad | 9999 94999 | 999999 |9999qdg|adqaagad
kA _
%\ 1 qaq EZ
- @ - 2 gg ;
p,s’ p,s _
3 qig ”{
(a)
4 qdqq }
p,s’ k,A
LSNP VYV ER- T M<
Y/
Vs —
NPV ° %
KA s o
P 7 qdqdg >M
(b)

13 qG a9 qq qq . . . . . . .
Use AdS/QCD busis functions
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Use AdS/CFT ovthonormal LFWFs

as v basis for diagonaliging
the QCD LF Hamiltoniowv

* Good initial approximant

e Better than plane wave basis Pauli, Hornbostel, Hiller,
McCartor, sjb

* DLCQ discretization - highly successful 1+1

* Use independent HO LFWFs, remove CM
motion Vary, Harinandrath, Maris, sjb

e Similar to Shell Model calculations
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LF(3+1) AdSs

V(@01) g B(2)

b(z,5,) |5,
(1—x)

(2, ) = Va(l —2)26(C)

Holography: Unique mapping derived from equality of LF and
AdS formuda for cuvrent matrix elements: em and gravitational
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P(¢) = qub(c)d

T

e Teramond, sjb

(1—x)

¢ =/z(1—2)B2  HolographicVariable

d _— ki LF Kinetic Energy irv
¢z — z(1—x) momentum shace

Assume LFWF s v dynamicald functiow of the
quawk-antiquowk irwariant mass squawed

2 2 2 2 2 2

d - d I mj | ms :/-@l—l—m1 ILkJ——I_m2
d(? ac?>  x« 1—= x 1 —x
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Result: Soft-Wall LFWF for massive constituenty

4drc - 12( k?_L +m%+ni%>

:E,k _ e 2 x(l—x) T 1—=x

via ko) ky/2(1 — )

LF WF inv impact space: soft-wall model
withy maussive guowks

2 2
CK —%/ﬁ2az(1—az)bi—2i2 [n;l+17r12m]

Yz, b ) = N r(l—x)e

z— (=X

1 m? m2
2 2 1 2
X*=bz(1—-x)+ —| | ]
K* X 1l —=x
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LFWF peaks at

. — ML
vt ma
where

mM:\/mQJrki

mininmuun of LF
energy
denominator
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.
N
{ o
<
-
“
"
o

0.2

o |Kt >= |us >
me = 95 MeV

k=375 MeV
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First Moment of Kaon Distribution Amplitude

1
<€>=/_1d€€¢(€)
E=1-2x
§

< & >r=0.04+£0.02 k =375 MeV
Range from mg = 65 4+ 25 MeV (PDG)

< § >k=0.029 +0.002 Donnellan et al.
< & > = 0.0272 =+ 0.0005 Braun et al.
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Lesson from QED:
Lamb-Shift in Hydroger
AE ~ o(Za)*In (Za)?*m,

* ‘I-..
'Y L 4
L 2
Y o ¢ \
L 2 L 3
! L 3
N
n | |

Bethe Log
1

A<
Zoms, e

k> Zam,

Maximum wavelength of bound electron

Infrared divergence of free electirow propagator
removed because of atomic binding
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Lesson from QED and Lamb Shift:
maxinuun wowvelengtiv of bound quowks and gluons

1
k > g A < Aqep
Agecp o,
B-Meson
q :
Shrock, sjb

gluow and quowk propagators cutoff inv IR
because of color confinement
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Lesson from QED and Lamb Shift:

Consequences of Maximuwm Quark
and Gluon Wavelengtiv

* Infrared integrations regulated by confinement

* Infrared fixed point of QCD coupling
as(Q?) finite, 3 — 0 at small Q?

* Bound state quark and gluon Dyson-Schwinger
Equation

* (Quark and Gluon Condensates exist within

hadrons Shrock, sjb
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Lesson from QED and Lamb Shift:
maxinuun wowvelengtiv of bound quowks and gluons

1
k > g A < Aocp
Aqecp o, °
B-Meson
! Shrock, sjb

Use Dyson-Schwinger Equation for bound-state quark
propagator: find confined condensate
< blgq|b > not < 0|gq|0 >
Edinburgh AdS/QCD & Novel Phenomena Stan Brodsky
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Quawk and Gluovw condensates

reside within hadrons, not vacuum

Shrock, sjb
°* Bound-State Dyson-Schwinger Equations

° LF vacuum trivial up to k* =0 zero modes
* Analogous to finite size superconductor

* Usual picture for M, — 0

* Implications for cosmological constant --
reduction by 45 orders of magnitude!
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Determinations of the vacuuwum Gluonw Condensate

—0.000 =

< 0]2=G2|0 > [GeV

- 0.003 fI'OIIl T decay. Davier et al.

+0.009 =

+0.006 = 0.012 from 7 decay. Geshkenbein, Ioffe, Zyablyuk

- 0.007 from charmonium sum rules

1.32 . m, GeV

108 [

1.6 [

104 [

............. _ Iofte, Zyablyuk

x Consistent wikiv zero-

vacuuumn condensate

' -0.03 -0.02 -0.01

0 0.01 0.02 0.03
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Chiral Symumetry Breaking inAdS/QCD

We consider the action of the X field which encodes the effects of CSB in

AdS/QCD:
Sx :/d4xd2\/§ (g‘qm@gXﬁmX — M§X2), (1)
with equations of motion
1 2
z332(z—35zX) — 0,0’ X — (’MER) X =0. (2)

.. ) ) ) Ehrlich, Katz, Son, Stephanov
The zero mode has no variation along Minkowski coordinates ’ ’ P

Babington, Erdmenger, Evans,
0, X (x,2) =0, Kirsch, Guralnik, Thelfall

thus the equation of motion reduces to

2702 — 320, + 3] X(2) = 0. (3)
for (ux R)? = —3, which corresponds to scaling dimension Ay = 3. The solution
1s
X(z)=(X)= Az + Bz, (4)
where A and B are determined by the boundary conditions. de Teramond, Shrock, sjb
(preliminary)

A ox my B x< Y1) >
Expectation value taken inside hadron

Edinburgh AdS/QCD & Novel Phenomena Stan Brodsky
August 18,2008 157 SLAC & IPPP
157



M A5y M v LF QCD de Tef?;?;?i,irsl:;;ck, sjb
2 LF
AM,; =< pr|Hr" |pr >

HiY = gAyyH ~ —gmqagbgdj]

gmniy

U
>

u

d

’p[ >= ]u+u+d_g+ >r——1 ‘pF > = \u+u+d_ﬂ+u+ >Lz——1

Contributiow to-the proton mass squawved from overlap
of valence and higiher Fock states
The arrows and superscripty indicate helicity/chivality
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AM? = g < pp|A*Yy,p|pr >
HEY = gApyHap ~ —gmqagbgd(g

pr >=|uTuTd utu" > ——1

~ (Tt d)p (Wt a)  >r. o

pr >= \u+u+d_g+ S s )

The arrows and superscripty indicate helicity/chivality

Linear quawrk mass term generated by transition from
valence to- mesov-nucleow LF Fock state
Dynamical chiral symmetry breaking
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AMZ? = g < pr|AF Yy blpr >

lpp >= \u+u+d_cz+d+ S

|Pr >= |luTuTd g >p-—_1 ~ |(uTdTd ) (uTdT),, >pee1

HEF = Ayt ~ —gmagbld]

Linear quark mass term generated by transition from
valence to- meson-nucleovw LF Fock state

Dynamical chiral symmetry breaking
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Hadronw Dynamics at the
Amplitude Level

* LFWES are the universal hadronic amplitudes which
underlie structure functions, GPDs, exclusive processes,
distribution amplitudes, direct subprocesses,
hadronization.

* Relation of spin, momentum, and other distributions to
physics of the hadron itself.

* Connections between observables, orbital angular
momentum

e Role of FSI and ISIs—-Sivers effect
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Hadronigatiow at the Amplitude Level

e

Event amplitude
generator

Construct helicity amplitude using Light-Front
Perturbation theory; coalesce quarks via LFWF's
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Hadronigatiow at the Amplitude Level

| ) - ('CU kJ_a Ai )
Capture 1f (? =xz(1 - x)b2 L

D)
AQCD

AdS/QCD
Hourd Wall.  1.e.,

2
Confinement: /\/12:’“—L<A2QCD

163



New Perspectives for QCD fromAdS/CFT

e LFWFs: Fundamental frame-independent description of
hadrons at amplitude level

* Holographic Model from AdS/CFT : Confinement at large

distances and conformal behavior at short distances

* Model for LEFWFs, meson and baryon spectra: many
applications!

* New basis for diagonalizing Light-Front Hamiltonian

* Physics similar to MI'T bag model, but covariant. No
problem with support o < x < 1.

* Quark Interchange dominant force at short distances
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CIM: Blankenbecler, Gunion, sjb

Quawk Interchange Gluon Exchange
(Spinv exchange inv atow- (Vo der Waal - -
atow scattering) Landshoff)

do _ |M(s,)]°
dt — s2
M (t,u)interchange u—12 M (s, t)gluonexchange o sF'(1)

MIT Bag Model (de Taw), lawge N¢, (‘t Hooft), AdS/CFT
all predict dominance of quark interchange:
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A 70 Gevr
10¢ |- "

o K10 GeVic
o K'5 Gevie

Edinburgh
August 18, 2008

AdS/CFT explaing why
quawk interchange is
dominant
momentunm tronsfer
inv exclusive reactions

1
M (%, w)interchange wt2

Non-linear Regge bebavior:

' ap(t) — —1
0
cos B¢ m.
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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. Wahl @
University of Minnesota, Minneapolis, Minnesota 55455

D. S. Barton, G. Bunce, A. S. Carroll, and Y. [. 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.: #Xp—pr T pp T, a*a* K ¥ (AYZOKO,
K*p— pK*; p*p— pp~. By studying the flavor dependence of the different reactions, we have been

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

kKTs s kT T d d k°
, . u u u s
nop—*pn—, |
|
K Sppk=, 5 4 up | opu N
u
ntp—pp™, d GEX d : d ANN d
1 - u L | 5] s
x=p—K "X, 1
- AOp0 <00 u u | u s 3
T P hK‘EK! P u u p | P d d ir'l'L
d QIN d u CcoMm U

+ -~
p=p—pp~.
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String Theory

* Mapping of Poincawe’ and
AM/CFT Conformal SO (4,2) symwmetries of 3

+1 space
Goal: Furst Approximant to-QCD for AdSS space
e Conformal behavior at short
Exclusive Scattering distonces
Regge Trajectoriey AdS(QCD + Confinement at lawge
QCD at the Amplitude Level Listoncer

Semi-Classical QCD / Wave Equations

Holography
Boost Inwariont 3+1 Light-Front Wave Equations
J=0,1,1/2,3/2 plus L Integrable!

Hadrow Spectra, Wawefunctions, Dynamics
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Novel' QCD Phenomena and Perspectives

* Hadroproduction at large transverse momentum does not derive exclusively
from 2 to 2 scattering subprocesses: Baryon Anomaly at RHIC Sickles, sjb

* Color Transparency Mueller, sjb; Diffractive Di-Jets and Tri-jets Strikman et al

* Heavy quark distributions do not derive exclusively from DGLAP or gluon
splitting -- component intrinsic to hadron wavefunction. Hoyer, et al

* Higgs production at large xr from intrinsic heavy quarks
Kopeliovitch, Goldhaber, Schmidt, Soffer, sjb

* Initial and final-state interactions are not always power suppressed in a hard
QCD reaction: Sivers Effect, Diffractive DIS, Breakdown of Lam Tung

PQCD Relation Schmidt, Hwang, Hoyer, Boer, sjb; Collins

* LFWFS are universal, but measured nuclear parton distributions are not
universal -- antishadowing is flavor dependent Schmidt, Yang, sjb

* Renormalization scale is not arbitrary; multiple scales, unambiguous at
given order. Disentangle running coupling and conformal effects,
Skeleton expansion: Gardi, Grunberg, Rathsman, sjb

*  Quark and Gluon condensates reside within hadrons: Shrock, sjb
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