X1 P P1 X

Pr dluons
9, (X) M .
XoPr . | | P % WOIC
14 color

2
do 32
2 2
o |ats (k) xn G (u, k)N | —5 ¥ (x, ki)
dk? ok;
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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

Small color-dipole moment pion not absorbed;
interacts withv each nuwcleov coherently
QCD COLOR Trawvvsparency

4.-[\_?7(7 MA:AMN

—9—¢ G (rA — qqA") = A2 G(7N — qgN') F5(t)

A/
A i ! ! \/ Target left intact
- Diffraction, Rapidity gap
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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)

di
o oc AY/3
225 = 450
: Nuclear coherence
200 |- 400 Nuclear coherence
175} Pt 350
'-. _1p2.2 -
150_: Ffl(qi) ~ e 3RAq¢ zt:mrE
£ 125 B 2501
c - C -
0 : © -
755 150 £
SO0 100
25E. fyh i 50 =
oF, _i'."Ti'-':l'."_"‘r'T'F'h'.:'i:':_:':":"-7'1':1';1'_-_? o 0 =
0 0.1 0.2 0.3 0.4
g (GeV/c)
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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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Color 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 Diftractive Di-Jets

Diffraction 2008 Novel QCD Diffractive Physics
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E~791 Diffractive Di-Jet transverse momentum distribution

§' t 4o Two Components
{ r |
AT — Gaussian High Transverse e
momentum dependence kr—
, consistent withy PQCD,
03 ERBL Evolution
ﬁ Gaussiowv component
102 \l at small kr similow
? } to-AdS/CFT LFWF
1712 14 1.6 1.8 2 22 24 26 28 3
kT (GeV)
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Diffractive Dissociation of a
Pion into Dijets
A — JetJetA’

* E791 Fermilab Experiment

Ashery et al
50
* 500 GeV pions collide on 40 &
nuclei keeping it intact - g
* Measure momentum of two 20 ¢
jets 10 © |
Q ;h'l'\\\\\\\\\\\\\\\\\\"'
.. ) 0O 0.2 04 0.6 0.8 1
* Study momentum distributions -
of pion LF wavefunction
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70
: 1.25 <k < 1.5 GeV/c s 1.5 <k <2.5 GeV/c

60— 50 —

50 — B 25
- 40 [—

w0 :
- 30—

30 -
- 20—

20— =

S/ S SR 3

0 H Tl by L I o H sUN SR TR BRI B Th
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
X > Ashery E791

Nawrowing of v distribution at highv jet transverse 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.
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70 — "
- 1.25<k; £ 1.5 GeV/c - 1.5k £2.5GeV/c
60— 50—
50 — B ey
L 40 — e il
- I 7 Y
40 — - , i __\\j—__
: 30 __ ,/ \\
30— - T
- 20— ‘
20 [ B 2|
10— 10— Ashery
- - Jr E791
O_ 0:*_1 IIJI‘Illll\I‘Ilillﬁlﬁ_
0 0 0.2 0.4 0.6 0.8 1
X

Possibly two components:
Perturbative (ERBL) + Nonperturbative (AdS/CFT)

¢(r) = Apert(ki)m(l — x)"“Bnonpert(ki)\/x(l — x)
Nawrowing of x distribution at high jet transverse momentuun
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Lepage, sjb C.Ji, A. Pang, D. Robertson, sjb
Choi, Ji
16mCray(Qy)
(1=x)(1-y)Q?

1 1
F Q%)= JO dx ¢ (x) JO dy$(y)

0.6 T T
0.5 i

0.4 -

CF@) | 1% E * | |
sb |

o ST Y ] 62, Qo) o (1 — o)

————— - Pasymptotic X (1l — )

0.1

0 ' ' ' ' p Normalized to fr
Q* (GeV?)
Increases PQCD leading twist prediction for
AdS/CFT:
Fr(Q?) by factor 16/9
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Diffractive Dissociatiow of
Protonw into- Quawk Jety

Frankfurt, Miller,

Strikman
by ~0 (1/k; ) T3, k13
l X1, Ky 1
-
P > R
T Xo, Kpo
A A

Measwre Light-Front Wavefunctiow of
Protov

Minimal momentum transfer to- nuucleus
Nuclews left Intact!

Diffraction 2008 Novel QCD Diffractive Physics
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Coulomb Exchange analogous to diffractive excitation

Electromagnetic Tri-Jet Excitatiow of Proton
ep — e Jet jet jet

Measure Uight-front R
wowefunctiov of a,ﬂ \If (xiy kJ_i) >\i)
protov B
e
—
S o...... *
Need Forwowd
Small Angle
Detection
Diffraction 2008 Novel QCD Diffractive Physics
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o 3 Measurement of Chowrmy
- 2 .
; ; Structure Function
N E": PR ) “1 1.1 Aubert et al. [European Muon Collaboration], “Pro-

1 duction Of Charmed Particles In 250-Gev Mu+ - Iron In-

PRItk teractions,” Nucl. Phys. B 213, 31 (1983).

] First Evidence for
[ Intrinsic Charm

.
IC+ICR , ¢
- "‘-.." F

/ .«fjr
I
3 r ! i
100 N per/ /
A . 0 —»

i \ 4 31(IC+CR) ] factor of 30!

oy il WQ
X

o A j E
-!_r :h“‘lt PGF \\ _ P

YYVYYVYY

C
u C
u
d

10" ! ! - l

00 01 02 X 03 0.4
DGLAP / Photon-Gluon Fusion: factor of 30 too small
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e EMC data: ¢(z,Q?) > 30 x DGLAP
Q2 =75 GeV?2, r = 0.42

e High zp pp — J/9v X

o High zp pp — J/pJ /X
e High xr pp — AcX

e High zp pp — Ny X

e High zp pp — =(ced) X (SELEX)

IC Structure Function: Critical Test of QCD

Diffraction 2008 Novel QCD Diffractive Physics
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u B luudcc > Fluctuatlon in Proton

-
[ \ R <’i,{il? QCD: Probablhty QCD

».C
gd . R .. : :
P, C,_ lete” ("¢~ > Fluctuation in Positroniun
n ~ 4
I, 2w ¢ QED: Probability %—;‘)
B J G
G OPE derivation - M.Polyakov et al.
G3 4
1%
<p m%|p > VS, < P c¢ 1n Color Octet
0 o - o 5o . ~ m;
Distribution peaks at equal rapidity (velocit Tr; —
p q pidity ( y) DS ITIe

Therefore heavy particles carry the largest mo-
mentum fractions

High v charm/

Hoyer, Peterson, Sakai, sjb
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Hoyer, Peterson, Sakai, sjb

Intrinsic Heavy -Quawk Fock States
: (’Q,LRE_B >

. C
A — VR
* Rigorous prediction of QCD, OPE : Zé S
B 5
* (ColorOctet Color-Octet Fock State! 22005 / G
g 1
® Probability Fpg M—é Poood ™~ agPQQ Py 22 176

* Large Effect at high x

* Greatly increases kinematics of colliders such as Higgs production
(Kopeliovich, Schmidt, Soffer, sjb)

* Severely underestimated in conventional parameterizations of
heavy quark distributions (Pumplin, Tung)

* Many empirical tests

Diffraction 2008 Novel QCD Diffractive Physics
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Leading Hadronw Production
from Intrinsic Chawrmw

u C

c \ u
T ~ < >_{:>—>'J/‘I’ 5 ‘:iﬂ‘/\c
P L. i
€ u
- x <@

Coalescence of Comoving Charm and Valence Quarks
Produce J /¢, A. and other Charm Hadrons at High xz

Diffraction 2008 Novel QCD Diffractive Physics

La Londe-les-Maures, September 13, 2008 o Stan Brodsky, SLAC

77



SELEX A_" Studies — pr Dependence

* A, production by X- vs X
shows harder spectrum at low p- -

consistent with an intrinsic charm

picture.

(Vogt, Brodsky and Hoyer, |
Nucl. Phys. B383,683 (1992)) /s n pI<1.0 (GeV/c)

AS FJEE >2.4 {GEV{IC)E

. ' .
| C 0.10203040.50.60.70.8 D.Qx 1

r

James Russ 78




Production of o Doulble-Choawrm Bowyow
SELEX highxy < ap >= 0.33

Diffraction 2008 Novel QCD Diffractive Physics
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Production of Two-
Charmoniav al Highv xr

JY

u
-
e
p—
d
A

|
oIlO o]0

X
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All events have £, > 041 Excludes "color drag’ model

5.0 [ / , 10.0
4 (a) TFN"W/ B (b) "N-¢ 75
) 5
G <
~ ~
2251 4 F 4 503
5 5
© \1 - 4 25
0.0}— | / - 0.0
3 6-(c) pN-yy . [:d:] pN-y
—~ — 10 »
o Ll
30 : g
% - B 8 z:t
2 =
0 ‘ ' 0
0.0 0.5 1.0 00 0.5 1.0

b= 44 Xy
Fig. 3. The yaf pair distributions are shown in (a) and (c) for the
pion and proton projectiles. Similarly, the distributions of J/i’s
from the pairs are shown in (b) and (d). Our calculations are
compared with the #— N data at 150 and 280 GeV/c [1]. The
X4y distributions are normalized to the number of pairs from both

A — J/pJ /pX

Intrinsic charm contribution to double quarkonium
hadroproduction *
R. Vogt?, S.J. Brodsky "

The probability distribution for a general n-parti
intrinsic ¢€ Fock state as a function of x and ky
written as

dp;
H:l-'—l d.l'gdzkj:,'

(X i kri)d(1 = D00, xi)

pion beams (a) and the number of pairs from the 400 GeV proton = nﬂ':( M) . . T
measurement (c). The number of single J/¢’s is twice the number (mj, — E;’:i (m'f;i/xl))
of pairs.
NA3 Data
Diffraction 2008 Novel QCD Diffractive Physics
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Excitation of Intrinsic Heawvy Quawks inv Protor

Amplitude maximal at small invariant mass, equal rapidity

m; Produce forward, high x g

)

Y my Y (bb), Ay (bud), B* (bu), B°(bd)

Tp " 0.4

xy ~ 0.4
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800 GeV p-A (FNAL) o,=0c,*A® M. Leitch
PRL 84, 3256 (2000); PRL 72, 2542 (1994)

i ~ open charm: no A-dep | dxF 7 (pA — J/qu)
10 r at mid-rapidity .
0o | EE E %E ]
§ AN Eﬁ : Remawvkalbly Strong Nuclear
08 | = | Dependence for Fast Charmonivmw
: lJf.lII - I__
oD (E780] 2
07 | 1]
E88&/NuSea I Violatiow of PQCD Factorigation!
BOD GeV p + A —> Jfyr 1
oY ) P S S
oo 02 04 06 OB 10
A= X47X,

Violation of factorization in charm hadroproduction.

P. Hoyer, M. Vanttinen (Helsinki U.) , U. Sukhatme (lllinois U., Chicago) . HU-TFT-90-14, May 1990. 7pp.
Published in Phys.Lett.B246:217-220,1990
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J/y nuclear dependence vrs rapidity, XAy XF

M.Leitch

PHENIX compared to lower energy measurements

JMVY —> p'n” PHENIX Preliminary
1.1 .

1.1
E866: PRL 84, 3256 (2000) .
NA3: ZP C20, 101 (1983).. .
1.0 - E E
_E _J_ECE::;&‘-‘ L5 e}
o

09 L. 152 § .

Ko

ir

o | =
0.8 =
? )

0.7

© EBB6/NuSea (39 GeV)

NAS (19 GeV)_

06 @ PHENIX p'u” (200 GeV)

MW PHENIX e'e” (200 GeV)
0_5 L i

107~ X 10™
2 0.6

Klein,Vogt, PRL 91:142301,2003
Kopeliovich, NP A696:669,2001

Violates PQCD
factorigation/

JAY —> p'u” PHENIX Preliminary

1.0

09

08 r

0.7 r

© E866 (38 GeV)

NA3 (19 GeV)
@ PHENIX 11 (200 GeV)
W PHENIX e'e™ (200 GeV)

T
j

0.0 0.2 0.6 0.8

1.0

da:F(pA — J/9PX)

Hoyer, Sukhatme, Vanttinen

Diffraction 2008
La Londe-les-Maures, September 13,2008
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al

do/dx (nb)

doy J. Badier et al, NA3

dZUF

Protons 200 Ge

Two-Componenty

V/c

d do
(A — J/PX) = ALGZL + A2/3°20

Al component

b)

n” 150 GeV/c

Identify withv Fusiow

Conventional PQCD

do/ex_ (o)

i

(= I T =]
A
1
i
é
&
#
Fa
,
;.

h

|
i
1]

- T ]
T un

n* 200 GeV/c vy

e

L]

subprocesses

G (T A — J/PX)

i = = 1 I
0.2 04 0.6 0.8 1 o) 02
Xy

Dittraction 20038

La Londe-les-Maures, September 13,2008

0.4 0.6 0.8

Xe
zuver u wiaractive PhySlCS

S5 Stan Brodsky, SLAC
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-a °
=0 J. Badier et al, NA3
x35r TA — J/PX 0
. F 1d 2/3%92/3
\%ej.s_ ! da;F(PA—>J/¢X)—A dre T A / dop
2. b
15 |- | | 4
1 L 0
oot 1| l | /3
by luizo n; nfs a?a" 0 1 A / Component
m 200 GeV/c Xr
ol Identify withy IC
: 3.5 |- pA — J/YX 3
3, | / High xr
2.
e Remow Flat
'- } by arkably
st g Tt ] Distribution
% . 0.2 0.4 0.6 0.8 T
p 200 GeV/¢c
Excess beyond conventional PQCD subprocesses
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Kopeliovich, Schmidt,

COZOV'OPO(qu/LP/ IC FOCJC/ stale Softer, sjb
interacty on nucleawr front suuface

Scattering ow front-face nucleow produces colov-singlet ccpaiv
Octet-Octet IC Fock State No- alnorpt’wwof

¢ small colov-singlet
J /Y

l

5 v C

C
e—%
»
—
2 (pA — J/$pX) = A2/3 x L2 (pN — J/$X)

Diffraction 2008 Novel QCD Diffractive Physics
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e IC Explains Anomalous a(zr) not a(xo)
dependence of pA — J/¢YX
(Mueller, Gunion, Tang, SJB)

e Color Octet IC Explains A2/3 behavior at
high zp (NA3, Fermilab) Color Opaqueness
(Kopeliovitch, Schmidt, Soffer, SJB)

e IC Explains J/¢Y — pm puzzle
(Karliner, SJB)

e IC |leads to new effects in B decay
(Gardner, SJB)

Higgs production at xr = 0.8

Diffraction 2008 Novel QCD Diffractive Physics
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Measwre cx) invDeep Inelastic
Lepton-Protor Scatlering

0

!

*

Y*q
8,
RB CLLlﬂ
"R
B _
P_>_ C»_ C
_ G
\/u < BG
/B g ©C
G

Hoyer, Peterson, SJB
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Why is Intrinsic Chowmv Imporvtant for Flovor Physics?

New perspective on fundamental nonperturbative hadron structure
Charm structure function at high x

Dominates high xr charm and charmonium production
Hadroproduction of new heavy quark states such as ccu, ccd at high xr

Intrinsic charm -- long distance contribution to penguin mechanisms for
weak decay

Novel Nuclear Effects from color structure of IC, Heavy Ion Collisions
New mechanisms for high xr Higgs hadroproduction
Dynamics of b production: LHCb

Fixed target program at LHC: produce bbb states

Diffraction 2008 Novel QCD Diffractive Physics
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PHYSICAL REVIEW D 73, 113005 (2006)

Diffractive Higgs production from intrinsic heavy flavors in the proton

Stanley J. Brodsky,"* Boris Kopeliovich,>" Ivan Schmidt,** and Jacques Soffer”
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do(pp — ppH) 1
dx,d*p,d’ p, (1 — x,)167

2 |A(X2’ ]_?)1) ]_?)2)|2
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g 2,2k @ 0@

d .. )
Ax,_),_) = — d2 as zask259+_)+k5k__)_ j
(x2, P1, P2) 373 Q e (g7)a,(k*)6(g + p, + k)6(k — p; — O

A A

x fd27|q)p(,r)|z[ei(1€+g)-%/z _ eila—Rr#/2]

O A W

X / ARA*rd>pHT (7)e'T72(1 — e~ 7)Y (5)e*P/2(1 — e~ %)W (R, 7, p, 2)e'OR,

* H¢) @
<

VdL Q
p A

A ___, A
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\Irp(l_é’ ?’ :5’ Z) — \PIC(E’ Z)‘PEC(;)\Ij?ﬁq(ﬁ)‘
/1 dZ[d2Rd2rd2p|\Pp(§, ?, 5, Z)|2 = PIC’
0

z(1 —z)
0’ + zzm]% -+ M2QQ(1 —7)

\PIQ(Q’ <y K) X

VNG _ . F

H(F) =1 mc)(O'/\/r €Y (er) — zI’HMHY()(er)
2T r 2

W(R,r,p;z)
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The distribution of produced Higgs particles over the

0.0

fraction of the proton beam momentum. The dotted, dashed, and
solid curves correspond to Higgs production from nonperturba-
tive IC (B = 1), perturbative IC (8 = 0), and IT, respectively.

Pertuwrbative IC

Pio(2z)/Piq

2.0 1

40 - Now—Pe/Vthati/ve/ICi:’:

08T 02 54 056
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1 1 e e
1 O_1 E “““\ 1
NN T
— N - ]
2 1N
= -2 | \
o, 1077; \ .. IB
O, ] \ .
) .
| 1
~ S T
& /] O 3_5 N o« e
\b/ ] 5 o e
I ~
. \ \ o
107 -
50 100 150 200 250 BOO 350
MH[GeV]

The cross section of the reaction pp — Hp + p as a

function of the Higgs mass. Contributions of IC (dashed line), IB
(dotted line), and IT (solid line).
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S. S. Adler et al. PHENIX Collaboration Phys. Rev. Lett. 91, 172301 (2003).
Pawticle ratio-changes withv centrality!

o 1.8 i proton/pion ' Protons less absorbed
= 1.6F 1 innuclear collisions than pions
o I .
1.4F .
; : <« Central
1.21 .
’ a - 0w Au+Au 0-10%
i A Ao Au+Au 20-30%
0.8 '_ N o e Au+Au 60-92%
r * p+p, s =53 GeV, ISR
0.6 o N ---- e'e, gluon jets, DELPHI
~r Ok~ g1 e e*e’, quark jets, DELPHI
0.4F : )
: LE <«— Peripheral
0.2 —
ol
0 1 2 3 4
p; (GeV/c)
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pp — HX at high pr
Protow created fromwv
Jjet fragmentation

Color Opaque

\
"/ Nactive = 4
N= 2MNactive -~ 4
1n-=
| 4
Diffraction 2008 Novel QCD Diffractive Physics
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Crucial Test of Leading -Twist QCD:
Scaling at fixed xr

d _ F(z7.,0
B4 (pN — 7X) = <p§€ )

Parton model: n.g =4

As fundamental as Bjorken scaling in DIS

Conformal scaling: neg = 2 Nactive = 4

Diffraction 2008 Novel QCD Diffractive Physics
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Stan Brodsky, SLAC
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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

Diffraction 2008 Novel QCD Diffractive Physics
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Nactive = 4

Neff= 2Nactive ~ 4

T ne=4
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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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Scaling of direct
photon
production

consistent with
PQCD
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\/56'3 x B9 (pp — HETX) at fixed T

d3p
N:1022 %.  CDF  ° 1800GeV
o O%zz% A 630 GeV Tannenbaum
Q
% 1020 oo UAT * 900 GeV
O o 500 GeV
51018 Oéﬁ% o 200 GeV
£ PHENIX = 200 GeV
o 16 = & o 53 GeV
5 10 ' 2300y Scaling
©
™ 14 ° ° °
© 10 inconsistent with
2’_\ 10 12 PQCD
>
10
% 10
}-/ 8 v%@
0 h*+ h %
2 ~
10 ° :
Ll -3. Lol -2. | -1. L
10 10 10 1
X, (GeV/c)
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’ I
p
< Cleow evidence
et for higher-twist

° T / 1 contributions
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Protons produced in AuAu 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.
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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

?bp(xla L2, $3) X /\g?C’D

br = 1/pr Small colov-singlet

Color Transparent
Minimal soume-side energy
u e . < u
g ”m g
Collision can produice 3 Nactive = 6
collinear quarks Neff= 2Nactive = 4
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e Neff=
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Bawyon made directly within hawrd subbprocess

Formatiow Time
proportional to-Energy

QGP

Small color-singlet
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Minimal same-side energ)
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vsyy = 130 and 200 GeV
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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+ includes protons
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S. S. Adler et al. PHENIX Collaboration Phys. Rev. Lett. 91, 172301 (2003).
Pawticle ratio-changes withv centrality!
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Anne Sickles
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17 A Central Au+Au: PHENIX
T * Central Au+Au: STAR
1 ®p+p NSD: STAR
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Baryon to Meson Ratios

Paul Sorensen
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Lambda canv be made directly within howd subbrocess

A

Coalescence ud — As
within hard
subprocess Small color-singlet
Color Transparent
Minimal saume-side energy
u — < d
_ Nactive = O
S produced ow
awaovy side Neff= 2MNactive =~ 4
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Baryonw Anomady: Evidence for Direck,
Higher-Twist Subprocesses

e Explains anomalous power behavior at fixed xr

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

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

¢ Predicts increasing proton to pion ratio in central collisions

¢ Proton power n.g increases with centrality since leading
twist contribution absorbed

e Fewer same-side hadrons for proton trigger at high

centrality

e Exclusive-inclusive connectionatxr=1
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* Quarks and Gluons:

Fundamental constituents of hadrons and nuclei

o Quawntuwm Chwomodynamics (QCD)

* New Insights from higher space-time dimensions: AdS/QCD

o Light-Front Holography
o Hadvonigation at the Amplitude Level

o Light Front Wawefunctions.  analogous to the

Schrodinger wavefunctions of atomic physics

W (24, k35 Ai)
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Novel Aspects of QCD

* Heavy quark distributions do not derive exclusively
from DGLAP or gluon splitting -- component
intrinsic to hadron wavefunction: Higgs at high xr

* Initial and final-state interactions are not power
suppressed in hard QCD reactions

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

* Hadroproduction at large transverse momentum
does not derive exclusively from 2 to 2 scattering
subprocesses
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°*  DDIS and Sivers Effect: Breakdown of Leading-Twist Factorization
* Physics of Hard Pomeron

* Measure Fundamental Hadron Wavefunction via Di-jet and Tri-jet
Fragmentation

*  Origin of Leading Twist Shadowing

*  Non-Universal Antishadowing

* Heavy quark structure functions at high x

* Higgs production at large xF

* Hadroproduction of new heavy quark states such as ccu, ccd at high xr
* Novel Nuclear Effects from color structure of IC

* Fixed target program at LHC: produce bbb states

Direct Hadroproduction at high pT
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