Growitational Form Factor onthe LF

1l
= [@dr [@reem e, ),
0

~ 5 dQQ_)J_ A . Exl‘ra/faotor O‘]CX/
flai) = [ Gk e Tp@d)  relative tocharge
n—1 n—1 ]COVVVI/]CULCtOV
:Z H /da:jd%;Ljé(l—z— Z%)
n j=1 7=1
® (3 i
X0 (j:1 ;0.1 ; 77L) YV (5, blj)‘ Tor 9/0(/02’1/(7 r 7
Integrate over angle

1 —x
f%(cf):%r/ dz (1 - x) /deo(g*q\/lx )@(a:, )
¢ = \/ 1—:1:‘ijbL‘7
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Grawvitational Form Factor inwAdS space

e Hadronic gravitational form-factor in AdS space

dz
A-(Q%) =R = H(Q% 2)|®,(2)]?,
(@) 23 (@7, 2) [2n(2) Abidin & Carlson

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

e Use integral representation for H (2, )

1
H(Q?, 2) :2/0 a:de()(zQ 1;$>

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 ()

. > R 2 (O
wqa/w<$7<)‘ — %33(1_33) C4 )
Identical to-LF Holography obtained from electromagnetic cuwrvent
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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 A;(Q*), Bf(Q?)

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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 |

as? l)7 (;?)7

1
/ dx/deﬁ(
0

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

bQ(1 — )] |4

q7°)

e (

F.

with 15(337 , Q) = mJo [

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

b

e Contribution from p(z,

8755A5

1 GeV/c, (b) very large ().

Fig: LF partonic density p(x, b, Q): (a) @
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e Baryons Spectrum in "bottom-up” holographic QCD
GdT and Sjb  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) (iFeDg — ,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.

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Bawryons
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(C) = Mip(C),

where Hjr = all and the operator

I+ 1
() = —i ( d ’ 275> :

i ¢

and its adjoint HTL((:) satisfy the commutation relations

2L +1
ML(O, ()] = =3
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Note: in the Weyl representation (zcv = ~53)

00 =

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

Ostr, =Dy, ... Dy Dy, ... Dy i,

0 I 0 [ I 0
’ 6: ) T =

—I 0 I 0 0 —1

m

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.

Hadronic mass spectrum determined from IR boundary conditions

given by

Y+ (¢ =1/Aqep) =0,

- - _
My = BugAqep, M, = Byt kxlqep,

with a scale independent mass ratio.

San Carlos, Sonora
October 10, 2008
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T ' T ' T T
o N (2600),-
L / — p—
@ 1=1/2 e (b) 1=3/2
R N (2250) /7 L d
(\|> 6 — N (2190) // — A (1950) / —
7/ Ve
[\ N (1700) , A (1920) P
S N (1675) 4,’ A (1910) s
N N (1650) P A (1905)
= 4 N(s3s) 7 N (2220) m =
N (1520)
J P A (1232)
.
2~ N (1720) B —— 56
N (1680) ®  a@700) ——— 70
A (1620)
N (939)
0 | | | | | | | | | | | |
0 2 4 6 0 2 4 6
L L

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.

San Carlos, Sonora
October 10, 2008

Light-Front Holography and Novel QCD
120

Stan Brodsky
SLAC & IPPP
120



SU®6) S L Baryon State
1 1+
56 L 0 N3 (939)
5 o 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) A2T(1920) AST(1905) AIT(1950)
70 1 3 Mg WL
3 3 N2~ N2 NI (2190) N2 (2250)
L3 A27(1930) AL~
i s
56 1 4 N1 N27(2220)
% + 7+ 9+ 11+
3 4 A2 AL A2 AL (2420)
1 B 11—
70 L 5 N2 N1 (2600)
5 5 NI~ N3 N~ NPT

San Carlos, Sonora

October 10, 2008
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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 < d T 2/75 — /{2075) ’

¢ ¢

and its adjoint HT, with commutation relations

11,(Q),

e Solutions to the Dirac equation

e Eigenvalues

San Carlos, Sonora

October 10, 2008

(C)} = (2V+ L 2%2) 5.

M? =4k (n+v +1).

Light-Front Holography and Novel QCD
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e Baryon: twist-dimension3+ L (v =L + 1)

Osr, = ¥Dyy, ... Do 0Dy, .. Dy 12,

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

San Carlos, Sonora
October 10, 2008

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

N{(2220)

N{(1720)
N{1680)

N{(940)
0 1 2 3 4 5 6

Proton Regge Trajectory ~ = 0.49GeV

Light-Front Holography and Novel QCD
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A ot
172"
+
VB (G 13/2
8 (GeV') 52" o~ D152+(2950)
A,,,+(2390) 1172
Aq,*(2300)
N=0 A441/2%(2420) . .
6k A,;,*(1910) Ag,~(2223) 52" o2
—> A4,%(1920) A7,,7(2200) . 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.

San Carlos, Sonora Light-Front Holography and Novel QCD
October 10, 2008 124

Stan Brodsky
SLAC & IPPP
124



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- ()
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@) = —5 [ 4@ [0+(OF - 10O

where F{(0) =1, F*(0) = 0.

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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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e Scaling behavior for large Q%:  Q*F7*(Q?) — constant

Neutron 7 = 3

0 10 20 30
9-2007
8757A1 Q? (GeVz)

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

San Carlos, Sonora
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October 10, 2008
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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).

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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
1.5 moment
p 2
Fy(Q7) |
]_ L
k = 0.49 GeV
0.5
0 1 2 3 4 5 6
QQ(GeVQ) G. de Teramond, sjb
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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2m(¢

Light-Front Holography: Unique mapping derived from
equality of LF and AdS formuda for cuwrrent matrin elementy
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
October 10, 2008 130 SLAC & IPPP
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de Teramond, sjb

L+ V(O] () = M26(O)

T

(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 mi  my _ki+mi k] +ms
- | | — |
d(? ¢ x 1—x x 1 —x
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Result: Soft-Wall LFWF for massive constituenty

4e (s
w(QE’ kJ_) _ e 2k2 \ z(1—x) T l1—x
ky/2(1 — )

LF WF inv impact space: soft-wall model

with massive quarks
2 2
CK —1k2r(1—2)b% — 2 [721 + WEU]
Y(z,b)=—=+/z(l—2x)e ° s :
VT
z2— (=X
1 m? m3
2 2 1 2
X*=bz(1—-x)+ —| | ]
Y 1l —=x
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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LFWF peaks at

. — ML
v my
where

mM:\/mQJrki

mininmuuwn of LF
energy

denominator
k= 0.375 GeV m, = mp = 1.25 GeV

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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.
.
N
{ o
<
-
“
"
o

0.2

o |KF >= |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 ms = 65 4+ 25 MeV (PDG)

< ¢ >x=0.029 +0.002 Donnellan et al.
< € >=0.0272 & 0.0005 Braun et al.
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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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
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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

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Light-Front QCD HACD

U M2 W
Heisenberg Equation (Wp,) = Mj |Wy)

8 qjad | - :
ps p.s 9 0900 . ;}M .

g 10 qiggg | - S R
- " 1 qodgg | - ' SR

12 qqaaqag

1 2 3 4 5 6 7 8 9 10 1 12 13
n  Sector a qd99 | qiqde | ad3qdqd | 0909 | 99999 | 994399 |9dqdqdg |9GaTadaa
%%x\ 1 I
RN 2 g W{; .
" ol s ~ |k
a
N ¢ aiw P 1|
syl T E ~ |-
f\/\h/\;/ _ 6 qdgg }W I M<
KA " p,s 7 qiqdg ;}W }» >w 1
- 1L
}.,
<

(c)

MY Y

13 994349 49

u(ye/Ad/S/QCD bmﬁwwﬁowy

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
October 10, 2008 139 SLAC & IPPP

139



AMZ? = g < pr|AFYylpr >

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

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

HEY = gAy~yH ) ~ —gmqagb};dzfl
Linear quawrk mass term generated by transitionw from
valence to- mesov-nucleow LF Fock state
Dynamical chiral symmetry breaking:
Zero cosmological constant
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nt N — ut u- X at high xg

In the limit where (1-xr)Q? is fixed as Q> —

Entire pion wi
contributes to !
hard process

Virtual photon is
longitudinally
polarized

Berger, sjb
Khoze, Brandenburg, Muller, sjb
Hoyer Vanttinen

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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@ N — 77 * ML ~“X at 80 GeV/c Dz'n]ect Sulbprol'essl’lredicftion..

{2 / 2
do 2 . .
Pk 1+ A cos“8 + p sin26 cos¢ +w sin“f cos2¢p.  0.8f ? | o
) 0.4\ *
d*o (k)

4 ;
1—x,)%(1 +cos?9) +— sin’6
dxﬂdcosﬂmx"( AL Foosd) 9 M? ] X OF

_04_
(k$) =0.62 £0.16 GeV?/c?

| -0.8f
Dramatic inv e

angulawr distribution at e m

04 05 06 0.7 08 09 |
large xr A
o _ o Chicago-Princeton
Example of a higher-twist Ft e

direct subprocess Phys.Rev.Lett.55:2649,1985
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Crucial Test of Leading -Twist QCD:
Scaling at fixed xr

nef f

E%(p]\f _ . 7TX) — F(zr,900M)
Pr

Parton model: n.g =4

As fundamental as Bjorken scaling in DIS

Conformal scaling: neg = 2 Nactive = 4

San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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San C¢
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\/E”E%‘p(pp — ~vX) at fixed zp

p+p collisions \s=20-1800GeV

® DO p+p \s=1800GeV
O CDF p+p \s=1800GeV
B UA2 p+p \s=630GeV
O UAT1 p+p \s=630GeV
A UA1 p+p \s=546GeV
A UAG6 p+p \s=24.3GeV

p+p collisions \s=20-200GeV
¥ PHENIX-Run3 p+p \s=200GeV
¢ R806 p+p \s=63GeV
* R110 p+p \s=63GeV
s E706 p+p \s=38.7GeV
% E706 p+p \s=31.5GeV
+ UAG6 p+p \s=24.3GeV
X NA24 p+p \s=23.75GeV
- WAT0 p+p \s=22.96GeV
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Tannenbaum

Scaling of direct
photon
production

consistent with
PQCD

D Stan Brodsky
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Nactive = 4

Neff= 2Nactive ~ 4

T ne= 4
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QCD prediction: Modificatiow of power fall-off due to-
DGLAP evolution and the Running Coupling

Neff
o Pirner, Raufeisen, sjb
5.75;¢
5.5} 2
dO’ _F(CBTaQCM) _ﬂ
5.25} E (pN_>7TX) pgeff LT = NE
5_
4.5}
4,25
5 10 15 20 Pr (GeV)

Key test of PQCD: power-low fall-off at fired xr
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do - F(xTaecm:ﬂ-/Q)

Tef f
P
I

I
elastic

p |
p
AT 1 Cleawr evidence
Negg 2f 1 for higher-twist
© ‘/ 1 contributions

4 rr = 2pr/Vs i
0 | | 1 | |
O 0.2 o4 0.6 0.8 .0
Fermilab, ISR data
16 | | I
o 7/l CO'V\I«-{/VW
12 I °* B .
Rise of neg
Neff 8 =
a4 = =
rr = 2pr/V/'s
0 ] | |
O 0.2 04 0.6 0.8
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\/56'3 x B9 (pp — HETX) at fixed T

d3p

« 1022,  CDF  ° 1800GeV

o %122% A 630 GeV Tannenbaum

%

% 1020 oo UAT * 900 GeV

9 o 500 GeV

51018 Oéﬁ% o 200 GeV

£ PHENIX = 200 GeV

o <16 o o 53GeV

5 10 ' * 23Gey Scaling

©
™ 14 ° ) )
© 10 inconsistent with
3 1012 PQCD

>

10
% 10
}./ 8 v;%;%
10 h*+ h v
2 5
10 ° i
| -3. co il -2. Co il -1. L
10 10 10 1
X+ (GeV/c)
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Protons produced in AuAuwu collisions at RHIC do not exhibit clear scaling properties in the

available pr range. Shown are data for central (0 — 5% ) and for peripheral (60 — 90% ) collisions.

10_""I""|""|"'|
Nntin rise [Of with

Neff
Reff = §
SN NN NSNS ENEEEENEEEENEEEEN 4 =
Mo = 4 |
Y Yot [ 0-59% +—e—
Leading twist: | o092 | | |
0 0.01 0.02 0.03 0.04 0.05
X
do __ Flap,0cpm) ™
Ed3p(pN — pX) = neff
Pr
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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S. S. Adler et al. PHENIX Collaboration Phys. Rev. Lett. 91, 172301 (2003).
BaryonwAnomaly: Particle ratio- changes withvcentirality!

o 1.8 i proton/pion ] Protons less absorbed
T 1.6 4 #nnuclear collisions than pions
oc - i
1.4 .
; L <« Central
1.2 .
’ 3 - 0w Au+Au 0-10%
i " ] A a  Au+Au 20-30%
0.8 [ N o e Au+Au 60-92%
T A * p+p, s =53 GeV, ISR
B T ] ---- e%*e, gluon jets, DELPHI
0'6: ------ e*e’, quark jets, DELPHI
0.4 :_ o _: °
: #%" + +* LE <«— Peripheral
0.2 —
0 [ |
0 1 2 3 4 Sickles, sjb
p; (GeV/c)
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vsyy = 130 and 200 GeV

AI_ I 11 ) I I I I I I ]
% ol n(x,) for n° AL n(x;) for h™+h Central -
- =7 0-10% 1t 77 0-10% .
8- ] 60-80% _ [ [160-80% Ei; P
7_ .y N | —_
6/ _ i | als T -
5 e - o R
oL 1 1L Peripheral.
3_ .y N —_
2l 1 -
| | | | | | | | | | | | | I | | I | I | I | I | I | I | I |
0 0.1 0.02 003 0.04 005 006 007 0 001 002 003 004 005 006 0.07
X+ X,
Proton power changes withv centrality !
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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pp — HX at high pr
Protow created fromwv
Jjet fragmentation

Color Opaque

u
‘ p
"/ Nactive = 4
N= 2MNactive -~ 4
| n=4
u
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Bawyow cowv be made divectly withvinw howd subbrocess

Bjorken
Coalescence P Blankenbecler, Gunion, sjb
*< 1.8 — Berger, sjb
within hard uu — pd Hoyer, et al: Semi-Exclusive
subprocess Sickles. ib
1
b ~y 1 ?bp(xla Lo, $3) X /\%C’D ¢ eS, S]
1 = / pT
Small color-singlet
Color Transparent
Minimal same-side energy
u — S e < u
g .”m g
Collision can produice 3 Nactive = 6
collinear quarks Neff= 2Nactive ~ 4
- 8
P Neff=
d
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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Bawyon made directly within hawrd subbprocess

b | = 1 fm
Formation Time
proportional to-Energy
QGP
Small colov-singlet
bJ_ ~ 1/pT Color Transparent
Minimal same-side energ)
u —> < b
uu — pd Nactive = O
Neff= 2MNactive ~ 4
\4
(_1 neff = 8
San Carlos, Sonora Light-Front Holography and Novel QCD Stan Brodsky
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S. S. Adler et al. PHENIX Collaboration Phys. Rev. Lett. 91, 172301 (2003).
Pawticle ratio- changes withy centrality!

Ratio

1.2}
1]
0.8/
0.6
0.4f

San Carlos, Sonora
October 10, 2008

1.8¢
1.6}
1.4}

proton/pion

Protons less absorbed
in nuclear collisions than pions
because of dominant.

1 color transparent higher twist process

<« Central
O m Au+Au 0-10%
A Ao  Au+Au 20-30%
o e Au+Au 60-92%
* p+p, s =53 GeV, ISR
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Anne Sickles
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Paul Sorensen
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Power-law exponent n(x7) for 7V and /4 spectra in central and peripheral Au+Au collisions at
/syny = 130 and 200 GeV

S. S. Adler, et al., PHENIX Collaboration, Phys. Rev. C 69, 034910 (2004) [nucl-ex/0308006].

b+ z'ncludes protons
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Lambda canv be made directly within howd subbrocess

Coalescence ua S
within hard
subprocess small color-singlet
Color Transparent
Minimal saume-side energy
u —- < 0
Nactive = O . ,
S produced on Sickles, sjb
away side Neff= 2Mactive ~ 4
\ 4
S DNex=8
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BawryonwAnomaly:

Evidence for Direct, Higher-Twist Subprocesses

Explains anomalous power behavior at fixed xr

Protons more likely to come from direct higher-twist
subprocess than pions

Protons less absorbed than pions in central nuclear
collisions because of color transparency

Predicts increasing proton to pion ratio in central collisions

Proton power neff increases with centrality since leading
twist contribution absorbed

Fewer same-side hadrons for proton trigger at high
centrality

Exclusive-inclusive connection at x1 = |
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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

K K~

'g
!
D . L D ) e
u
Quawk Interchange Gluon Exchange
(Spinv exchange inv atowr- (Vo der Waal, - -
atom scattering,) Landshoff)
d _ [M(s1)[
dat ~ Y
M (%, U)interchange U—Lg M (S, f)gluonexchange  SF (1)

MIT Bag Model (de Taw), lawge N¢, (‘t Hooft), AdS/CFT
all predict dominance of quark interchange:
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Light-Front Holography and Novel QCD

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

:
M (1, U)interchange 3z

Non-linear Regge bebavior:

p(f) -1
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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. 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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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

* Higher Fock States give GMOR Relations, Chiral
Symmetry Breaking
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Features of Sofe-Wall AdS/QCD

Single-variable frame-independent radial Schrodinger equation
Massless pion (mg =0)

Regge Trajectories: universal slope in n and L

Valid for all integer J & S. Spectrum is independent of S
Dimensional Counting Rules for Hard Exclusive Processes
Phenomenology: Space-like and Time-like Form Factors

LF Holography: LEWFs; broad distribution amplitude

No large Nc limit

Add quark masses to LF kinetic energy

Systematically improvable — diagonalize Hrr on AdS basis
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String Theovy

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

+1 space
Goal: First Approximant to- QCD for AdSS space
Counting rides for Hard Conformal behavior at short
Exclusive Scattering distonces
Regge Trajectoriey AdS(QCD + Confinement at lawge
QCD at the Amplitude Level s

Semi-Classical QCD / Wave Equations

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

Hadvrow Spectra, Wawvefunctions, Dynamics
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