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Diffrac've	  scaKering	  in	  the	  color	  dipole	  model	  

!m "! = #h,h
" ,! (r, z)# (r,W )#$,!

h,h$ (r, z)

•  The	  universal	  dipole	  cross-‐sec'on	  
is	  well	  constrained	  by	  the	  very	  
precise	  DIS	  F2	  HERA	  data.	  Also	  
used	  to	  make	  predic'ons	  for	  the	  
LHC	  

•  We	  use	  here	  a	  Color-‐Glass-‐
Condensate	  dipole	  model	  by	  G.	  
Soyez	  (2007).	  Other	  (forward)	  
dipole	  models	  that	  fit	  the	  F2	  data	  
give	  similar	  results	  

z = k+

P+ ü  F2c	  
ü  DVCS	  
ü  F2D3	  

ü  J/Ψ	  
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Light-‐front	  wavefunc'ons	  

Spinor	  wavefunc'on	  	  x	  	  Scalar	  wavefunc'on	  

Scalar	  part	  is	  not	  computable	  from	  first	  principles	  in	  QCD	  (confinement)	  
	  
Earlier:	  Boost	  a	  non-‐rela'vis'c	  Schroedinger	  wavefunc'on	  (Boosted	  Gaussian)	  	  
	  

•  J.	  R.	  Forshaw,	  RS	  &	  G.	  Shaw	  
PRD	  (2004)	  D69	  094013	  
	  
•  J.	  Nemchik	  et	  al.	  Z.Phys.	  C75	  

(1997)	  71.	  

	  
Now:	  Use	  AdS/QCD	  light-‐front	  wavefunc'on	  
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Light-‐Front	  Schroedinger	  Equa'on	  (LFSE)	  and	  wavefunc'ons	  

!(", z,# ) = !(" )
2$"

f (z)eiL#

Brodsky	  &	  de	  Teramond	  (PRL,	  2009)	  

! = z(1! z)r z = k+

P+

Massless	  quarks	  

In	  light-‐front	  QCD,	  the	  meson	  wavefunc'on	  has	  a	  factorized	  form	  

where	  
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Holographic	  LFSE	  	  
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•  	  Breaking	  the	  conformal	  symmetry	  in	  AdS	  yields	  the	  interac'ng	  poten'al	  in	  4D	  
	  
	  
	   U(z5 ) =

1
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4
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!! (z5 )

S.	  Brodsky	  &	  G.	  de	  Teramond	  (PRL,	  2009)	  

•  If	  

	  	  then	  	  LFSE	  	  in	  4D	  maps	  onto	  EOM	  of	  strings	  propaga'ng	  freely	  in	  5D	  AdS	  
	  

Massless	  quarks	  
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Quadra'c	  dilaton	  profile	  

! ! z5
p

" p = 2
! =" 4z5

2

Phenomenological	  &	  theore'cal	  arguments	  constrain	  the	  dila'on	  profile	  to	  be	  quadra'c	  
	  

S.	  Brodsky,	  G.	  de	  Teramond	  &	  
H.	  G.	  Dosch	  	  (2013)	  
arXiv:1302.5399	  

U(! ) =" 4z5
2 + 2" 2 (J !1)

•  Massless	  pion	  in	  the	  chiral	  limit	  
•  Linear	  Regge	  trajectories	  
•  Conformal	  symmetry	  in	  1D	  
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Eigenvalues	  of	  the	  holographic	  LFSE	  

•  Massless	  pion	  
•  ρ	  meson	  family	  :	  κ=0.54 GeV	


Figure	  from	  Stan	  Brodsky	  
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Solving	  the	  holographic	  LFSE	  	  for	  the	  ρ	  

M!
2 = 2" 2

f (z) = z(1! z)

! : S =1,n = 0,L = 0
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Compare	  Polchinski-‐Strassler	  expression	  in	  AdS	  to	  Drell-‐
Yan-‐West	  expression	  in	  LFQCD	  for	  charged	  pion	  EM	  
form	  factor	  
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Massive	  quarks	  

The	  Fourier	  conjugate	  to	  ζ squared is	  the	  invariant	  mass	  squared	  of	  the	  quark-‐an'quark	  pair	  	  

! 2 ~ Mqq
2

M 2
qq =

k2

z(1! z)
"

k2 +mf
2

z(1! z)

Prescrip'on	  by	  Brodsky	  &	  de	  Teramond	  	  to	  account	  for	  massive	  quarks	  
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AdS/QCD	  versus	  Boosted	  Gaussian	  (BG)	  wavefunc'on	  

NR	  SE	  with	  harmonic	  
oscillator	  	  poten'al	  	  

A	  parameteriza'on	  which	  accommodates	  both	  AdS/QCD	  and	  BG	  

Solve	  &	  Boost	  
BG	  wavefunc'on	  

Holographic	  LFSE	  with	  	  
quadra'c	  dilaton	  	  

Solve	  
AdS/QCD	  wavefunc'on	  

BG:	  κ	  is	  a	  free	  parameter	  to	  be	  fixed	  by	  decay	  width	  datum	  and	  β=1.	

	

AdS/QCD:	  κ is	  fixed	  by	  the	  ρ mass	  and	  β=0.5. We	  have	  a	  predic'on	  for	  decay	  width.	  
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Boos'ng	  
in	  4D	  	  

Duality	  
4D/5D	  

Boost	  invariant	  
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Data	  prefer	  AdS/QCD	  wavefunc'on	  	  

1000
2000
3000
4000
5000

σ
 [n

b]

600

800

1000

300

400

500

100

150

40

80

120

20

30

40

80 120 160
2
4
6
8

80 120 160
W [GeV]

0

2

4

Q2=0.47
Q2=2.4

Q2=3.7 Q2=6.0

Q2=8.3 Q2=13.5

Q2=27.0 Q2=32.0

0 5 10 15 20 25

Q2 [GeV2]

0

1

2

3

4

5

6

7

8

9

 σ
L 

 / 
 σ

T

H1 00
H1 10
ZEUS 07

J.	  R.	  Forshaw	  &	  R.	  Sandapen	  (PRL,	  2012)	  
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Blue:	  AdS/QCD	  
Red:	  Fit	  	  
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χ2 contour	  plot	
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§  White	  star	  is	  	  the	  AdS/QCD	  predic'on	  
§  BG	  predic'on	  lies	  on	  far	  right	  
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JRF	  &	  RS,	  PRL	  (2012)	  	  
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Predic'on	  for	  the	  electronic	  decay	  width	  	  
JRF	  &	  RS	  (PRL,	  2012)	  
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AdS/QCD	  

Experiment	  
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Distribu'on	  Amplitudes	  for	  the	  ρ meson	  

Useful	  to	  compute	  power	  correc'ons	  in	  	  radia've	  B	  decay	  to	  the	  ρ: see	  talk	  by	  RS	  in	  WG2	  

13-‐04-‐24	  

•  Moment	  of	  twist-‐2	  DA	  of	  the	  longitudinally	  polarized	  ρ	  

•  Can	  extend	  to	  twist-‐2	  and	  twist-‐3	  DAs	  of	  the	  transversely	  polarized	  ρ	  

JRF	  &	  RS	  (PRL,	  2012)	  
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§  AdS/QCD:	  0.228,	  	  µ∼1 GeV	  
	  
§  Sum	  Rules:	  0.24	  +/-‐	  0.02	  ,	  µ=2 GeV	  	  
	  
§  Lakce:	  0.24	  +/-‐	  0.04	  at	  µ=2 GeV	  
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Radial	  excita'ons	  of	  the	  ρ meson	  

ρ  : n=0,L=0,S=1	


ρ’	  	  : n=1,L=0,S=1	

	  

•  By	  measuring	  the	  spectra	  of	  two-‐pion	  
electroproduc'on,	  ZEUS	  extracted	  the	  
cross-‐sec'on	  ra'os:	  

R !! ( !!! ) "
" (# *p# !! ( !!! )p)$BR( !! ( !!! )# $ +$ % )

" (# *p# !p)

•  The	  BR	  of	  ρ’and	  ρ” to	  pions	  are	  not	  well	  
measured.	  
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Branching	  ra'os	  and	  mixing	  	  	  	  

	  
	  

•  Branching	  ra'os	  from	  an	  analysis	  by	  Donnachie	  &	  Mirzaie	  	  
	  

•  Mixing	  angle	  as	  a	  free	  parameter	  
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Predic'ons	  for	  ra'os	  of	  cross-‐sec'ons	  	  

No	  mixing	   With	  mixing	  

•  Reasonable	  descrip'on	  of	  the	  available	  data	  with	  a	  mixing	  angle	  of	  θ = 15 deg.	  

•  But	  can	  also	  fix	  θ=0 deg.	  and	  then	  adjust	  BR	  to	  fit	  data.	  	  

Prelim.	  

13-‐04-‐24	   R.	  Sandapen	  	  	  	  	  	  	  DIS	  2013	  	  	  	  	  	  	  	  Marseille	   17	  



The	  two-‐pion	  spectra	  
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•  Data	  from	  ZEUS	  Collabora'on	  (2012)	  

•  AdS/QCD	  predic'ons	  :	  doKed	  (L),	  
dashed	  (T),	  solid	  (L+T)	  

	  
•  Predic'ons	  sensi've	  to	  the	  Breit-‐

Wigner	  distribu'ons	  but	  not	  to	  
wavefunc'on	  (AdS/QCD	  or	  BG)	  

•  Need	  to	  predict	  over	  a	  wider	  Q2	  range	  

Prelim.	  
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Conclusions	  &	  Outlook	  

q  AdS/QCD	  wavefunc'on	  preferred	  to	  BG	  wavefunc'on	  by	  HERA	  data	  on	  
diffrac've	  ρ produc'on	  	  

	  
	  

q  Data	  may	  allow	  for	  quantum	  mechanical	  mixing	  between	  radial	  excita'ons	  of	  
the	  ρ 	


q Work	  is	  in	  progress	  	  for	  	  the	  two-‐pion	  mass	  spectra	  
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