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OutlineOutline

1. 1. Holographic Holographic meson spectroscopy meson spectroscopy (single flavor)(single flavor)
-- reviewreview on on AdSAdS/CFT /CFT withwith flavorflavor ((fundamentalsfundamentals) ) 

inin thethe probe probe (quenched) approximation(quenched) approximation
-- D3/D7 intersection, meson spectroscopyD3/D7 intersection, meson spectroscopy

2. 2. HeavyHeavy--light mesonslight mesons (two flavors)(two flavors)
-- Method: nonMethod: non--Abelian DiracAbelian Dirac--BornBorn--Infeld actionInfeld action

HL mesons inHL mesons in
-- nonnon--confining N=2 theory (D3/D7) : compare w/ HH spectrumconfining N=2 theory (D3/D7) : compare w/ HH spectrum

new term of new term of 
-- confining N=1 theory (D(confining N=1 theory (D(--1)/D3/D7): 1)/D3/D7): 
spinspin--dependence: scalar vs. vector mesonsdependence: scalar vs. vector mesons

-- ““QCDQCD--likelike““ N=0 theory (D3N=0 theory (D3defdef/D7)/D7)

3. Conclusions3. Conclusions
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Part 1Part 1: Single flavor mesons: Single flavor mesons

`t Hooft limit  `t Hooft limit  

AdS/CFT duality
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`t Hooft & `t Hooft & probeprobe brane limit brane limit N N /N/N 0: ignore D7 backreaction 0: ignore D7 backreaction 

Part 1Part 1: Single flavor mesons: Single flavor mesons
Karch, Katz (2002)

AdS/CFT duality

f

�� ��� ����� 	
�� 

� ����� ��
����� ���������� 	����
 ��� � � � �

 ������ 	� ! "�
 � 	��� ��
��# $���% �
���&��	����	� ��� � � � �



66

�
� �

� !
'
�

� � �
� � � ! #�

� � !
� � � �

� � � ! � � � �

�
� � � � � � �

Spectroscopy of single flavor operatorsSpectroscopy of single flavor operators

SpinSpin--0/spin0/spin--1 open string fluctuations on a 1 open string fluctuations on a singlesingle D7D7--brane arebrane are
described by the described by the abelianabelian DiracDirac--BornBorn--InfeldInfeld action:action:

scalar e.o.m.: scalar e.o.m.: 

planeplane--wave wave ansatzansatz::

eqneqn. for fluctuation:. for fluctuation:
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Kruczenski, Mateos, 
Myers, Winters (2003)
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meson mass M(L, l ),
quark mass L
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HeavyHeavy--heavy meson spectroscopy (part 2)heavy meson spectroscopy (part 2)

solution:solution:

quantization condition:quantization condition:

mass spectrum:mass spectrum:

dual                   scalar meson operator:  dual                   scalar meson operator:  

� � � � � �
� �

� � � ! � � � � 	 � 	
 � � � � 
 ! � ! (� � � 
 ) � ! #) � � � �� � �

� ��
� � *� � � �

��  � � � ! *! �  �
�  � ! � � "� # � ( � #�

+ � ' ! �

� 
 � �
� ! � � 


�

�
( ! � � � � �� � � *� � � � � � �	 � � � �

� � � �
� � # �

� � �
� � �

� � � 
 ! � ! (�� 
 ! � ! #� � 
� � � ��



88

HeavyHeavy--light mesons require light mesons require twotwo D7D7--branes. Their (asympt.) position branes. Their (asympt.) position 
determines the quark masses:  determines the quark masses:  

Diagonal embedding:Diagonal embedding:

Fluctuations:Fluctuations:
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�“heavy” brane

“light” brane

Part 2Part 2: Heavy: Heavy--light mesonslight mesons
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HH mesons

LL mesonsHL mesons

Erdmenger, Ghoroku, I.K. (2007)
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NonNon--Abelian DiracAbelian Dirac--BornBorn--Infeld actionInfeld action

nAnA--DBI expanded to O(X  ):DBI expanded to O(X  ):

covariant derivative & symmetrized trace:covariant derivative & symmetrized trace:
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Myers (1999), Tseytlin (1997)
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N=2: Scalar heavyN=2: Scalar heavy--light mesons (e.o.m.)light mesons (e.o.m.)

E.o.m. for E.o.m. for offoff--diagonaldiagonal fluctuations:fluctuations:

wherewhere

HL meson mass HL meson mass 

(can be extended to include non(can be extended to include non--trival dilaton (   N=0,1 theories))trival dilaton (   N=0,1 theories))
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N=2: Scalar heavyN=2: Scalar heavy--light mesons (plots)light mesons (plots)

Scalar mass spectrum in Scalar mass spectrum in N=2 theoryN=2 theory (D3/D7):(D3/D7):

Numerical mass spectrum:Numerical mass spectrum:
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quarkquark--antiquark potential from antiquark potential from Wilson loopWilson loop::

S S = Nambu= Nambu--Goto actionGoto action

recover             term:                       recover             term:                       

Wilson loop for heavyWilson loop for heavy--light mesonlight meson

(A) HL meson
(B) LL meson
(C) HH meson
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Comparison with experimental dataComparison with experimental data

at large `t Hooft coupling:at large `t Hooft coupling:

experimental values (PDG experimental values (PDG ‘‘07):07):

similar findings in Herzog et al. (2008)similar findings in Herzog et al. (2008)
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N=1: Vector vs. scalar mesonsN=1: Vector vs. scalar mesons

Mesons in confining Mesons in confining N=1 theoryN=1 theory (D((D(--1)/D3/D7):1)/D3/D7):

dashed: vector mesons
solid : scalar mesons

R=2, q=10

(q=gauge condensate)

vector masses are larger than the scalar masses
vector spectrum degenerates with 

scalar spectrum again (N=2 susy restoration)
# � 
 ( 3

Liu-Tseytlin D(-1)/D3 
background (1999)
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Deformed D3/D7Deformed D3/D7 (e.g. Constable(e.g. Constable--Myers, dilaton flow, etc.):Myers, dilaton flow, etc.):

U(1)U(1)AA chiral symmetry breaking:chiral symmetry breaking:

-- U(1) chiral sym.                     ,                         U(1) chiral sym.                     ,                         �� SO(2) isometry in xSO(2) isometry in x88, x, x99

-- broken by quark condensate: broken by quark condensate: 

Embedding profiles + condensate:Embedding profiles + condensate:

screening effect: D7screening effect: D7--branes repel from                                    spont. U(1)branes repel from                                    spont. U(1) breaking: mbreaking: m�� 0 , c 0 , c ¹¹ 00

singularitysingularity

N=0: Mesons in nonN=0: Mesons in non--susy theory susy theory 

Babington, Erdmenger, Evans, 
Guralnik, I.K. (2003)
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Meson spectrum and large Meson spectrum and large NNcc

Goldstone boson (Goldstone boson (hh')')

Consider planeConsider plane--wave fluctuations wave fluctuations ddxx9 9 = = f(f(rr ) ) sin(sin(k xk x)) ((MM2 2 = = --kk22))
around the embedding solution around the embedding solution xx8 8 = 0= 0, , xx99 = = xx9 9 ((rr ))

�� singlesingle--flavorflavor meson spectrum meson spectrum M(m)M(m)

w5

X9

X8

Goldstone boson due to Goldstone boson due to 
spont. U(1) chiral SB spont. U(1) chiral SB 

(anomaly suppressed at (anomaly suppressed at 
large N)large N)

GMOR at 
small m:

h’ meson
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Consider offConsider off--diagonal planediagonal plane--wave fluctuations: wave fluctuations: 

�� heavyheavy--lightlight meson spectrum meson spectrum M(m  )  (m  = 0)M(m  )  (m  = 0)

lll l

N=0: HH & HL meson spectrumN=0: HH & HL meson spectrum

H L

term also present in N=0 theory, but smaller 
than in supersymmetric theories
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numerical 
HL mass:
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ConclusionsConclusions

We studied We studied heavyheavy--light meson spectralight meson spectra in N=2, N=1, N=0in N=2, N=1, N=0
QCDQCD--related theories using AdS/CFT. related theories using AdS/CFT. 

We used the We used the nonnon--Abelian DiracAbelian Dirac--BornBorn--InfeldInfeld action to describeaction to describe
two separate D7two separate D7--branes corresponding to a heavy and a light quark.branes corresponding to a heavy and a light quark.

We found an order We found an order O(1) contributionO(1) contribution to the HL meson mass which is to the HL meson mass which is 
dominant at large `t Hooft coupling: dominant at large `t Hooft coupling: 

Verfied this term by computing the corresponding Wilson loop andVerfied this term by computing the corresponding Wilson loop and
comparing to experimental values. The O(1) term is less dominantcomparing to experimental values. The O(1) term is less dominant
in nonin non--susy theories (but still present!)susy theories (but still present!)

Also discussed the spinAlso discussed the spin--dependence of mesons in N=1.dependence of mesons in N=1.
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