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AdS/CFT correspondence has opened a hew avenue
to study strongly coupled gauge theories

Application to QCD and hadron physicsl

Top down: String theory — QCD
Sakai & Sugimoto (2005)

Bottom up: QCD — 5D holographic model
Erlich, Katz, Son & Stephanov (2005)
Da Lord & Pomarol (2005)
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AdS/CFT correspondence has opened a hew avenue
to study strongly coupled gauge theories

Application to QCD and hadron physicsl

Top down: String theory — QCD
Sakai & Sugimoto (2005)

m) Bottom up: QCD — 5D holographic model

Erlich, Katz, Son & Stephanov (2005)
Da Lord & Pomarol (2005)

= 5D model of Meson sector
(vector, axial-vector meson masses,
decay consts, gonx,..)




As for baryons, two approaches are known

1: Skyrmion Hashimoto, Sakai & Sugimoto (2008)
and many papers

2: Bulk fermion Hong, Inami & Yee (2007)[spin 1/2]
Ahn, Hong, Park & Siwach (2009)[spin3/2]
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As for baryons, two approaches are known

1: Skyrmion Hashimoto, Sakai & Sugimoto (2008)
and many papers

) 2: Bulk fermion Hong, Inami & Yee (2007)[spin 1/2]

= spin 3 baryon mass spectrum
7t NN coupling

Our work

By extending the model of Hong, Inami & Yee,
we calculated (Axial-)Vector Meson-Nucleon
couplings using the 5D Holographic QCD




Mesow sector

"QCD and a Holographic Model of Hadrons"
Erlich, Katz, Son and Stephanov
PRL95 261602 (2005)

“Chiral Symmetry Breaking from Five Dimensional Spaces”
Da Lord and Pomarol
NPB721 79 (2005)



AdS/CFT dicTionaryl

4D 5D

Global symmetry < Gauge symmetry
Operator O ¢ 5D field
Dimension[®] ¢  Bulk mass
1/Nc & 95”2
Resonance & KK modes

Following this dictionary,
we guess a holographic model of QCD



5D SU(Nf). x SU(N#)r gauge theory on a slice of AdSs

dst == (1, AKX ~2%), <252, (= Adk)

(Axial-)Vector meson (spin 1) & (Axial-)Vector gauge field

4D:O(x) 5D:¢(x,2) SU(Nf)LxSU(Nf)R P A M =(a-p)(a+p-2)
q, 7“t%q, iy (adj,1) 1 3 0

Ory "0y R (1, adj) 1 3 0

Gral X7 (N¢. Ny ) 0 3 -3

Smeson:IdSX@Tr 1 (LIZ\/IN+RI\2/IN)+‘DMX‘2_M52‘X‘2
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Bulk scalar field "X"
Source of chiral symmetry breaking

Classical solution

X(z)=Mz+322z’

“explicit breaking”
Quark Mass

X (2)

VA

=M

lI=¢

UV B.C.

"spontaneous breaking”
Chiral condensate

(q9) :aiM<exp[ijd4xMﬁq]>

o
=——3S5. X
25 [x]

M =0

~ 2

X=Xg,M=0,2=¢




Defining Vy EE(LM +Ry ). Ay EE(LM -Ry )| and adding

‘Cgf - 12 [auvﬂ_évzaz(v_zj} - 12 {auAﬂ_éAza ( j"‘z‘/_gz §A< > }

z 262952

26,952

leads to the quadratic Lagrangian in the unitary gauge

1 a v A2 1% 1% 1 a i
Loniraic = ———=V° {—nﬂ &% +0648" +n" Z@(;)@}Vv X =(X)e®

guadratic 2
49.17

2
L A"’[ "% +0"0" +n""20, (1j }/x +<X> (0 ﬂPa—A"")Z

_4g522

Mode equations and boundary conditions

0=|m’+2z0, (ljaz} f., f,(g)=0,f)(z,)=0
Z

i z°

2 2
0= m§+zaz(EJaz-295<x> }f £A(s)=0,1A(2,)=0




Meson—~Nucleon w—wbmgl

"Baryons in AdS/QCD"
Hong, Inami and Yee, PLB646 165 (2007)

"Meson-Nucleon Coupling from AdS/QCD"
N.M. and Motoi Tachibana
arXiv:0904.3816(accepted in EPJC)



Spin 3 Baryon ¢ Spin 3 Dirac fermion
Hong, Inami & Yee (2007)

S garyon =J‘d5x«/—g [iﬂleg”rADM N, +iN,eyT*D,, N, — 2 N, N +2 N Nz}

1 : : 2 (9 i
D,=0,+—I[T, —iL,D,=0,-iL,, m =(A-2) :(——Zj

27

To incorporate chiral symmetry breaking,
the following Yukawa coupling is introduced

SYukawa = IdSXﬁ[—gY N1XN1 — 0y NZx T N2:|

n az_ n n
(L em
2R gY<X> A 2R 2L

© oz Z (fl'[]:
gy (X)' 4-A |\ f5L

fir (Zn)= T2 (Z,)= il (&)= fr(¢)=0, Other B.C. from EOM




7t NN coupling|

7t NN coupling is generated from

1: Gauge coupling (5™ component)
2: Yukawa coupling
3: Pauli tferm (through Goldberger-Treiman relation)

L = ! dzHB N, (—iAS )N, —iZ(iAZL N,)T'N, +(L > R1¢> 2)}

+ jp dzﬁ[_gv N1XN1 — Oy NZXTNZJ
0

.

f7Z'

Zn 1 . . . .
gﬁNuNu — _(‘; dZ?{ f7z' ( fllL fllR B fZIL fZIR)_ 2V(S\)( 2 az (7)( flll_ fZIR _ fZIL fllR )}




Vector & Axial-vector Meson-Nucleon coupling |

Vector & Axial-vector meson-nucleon couplings come from
1. Gauge coupling
2: Pauli term

z

Lo = j dz"g B el (i )N, ~ (A5 N, el TN,

R iR N, L e

m 1 . . . .
> [ dz o[ Ny VN, + NyV,N, + Ny AN, =N,y “ AN, |




Loauii = Cf dzﬁ[iﬂlr“”“ F Ny =N, T R Nz]
0

——c| dz %[Nﬂﬂf (8,V, =0V, Ny +Nyyy°(8,V, =0V, )Ny, —(1>2) |

0

Iy

—cf dz%[ﬁny”f (8,4 —0,A, )Ny +Nipy*y®(8,A —0,A, )Ny +(14>2)

<.

0, = jdzz—ﬂ[fv +C20 fV]_\ fl'L\2+\f1'R
0 ]

s

0 i Eszz—ﬁ[fmczaz an]_\ fl'L\2+\fl'R\
0 I

5T

Yonint = _C,f dz% 2 U fll'—‘z +‘ fllR‘z} = Yoann = ZmTﬂ Jnn (GT)
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Nuwmericol Re/ywayl
Data: goNnn= 4.2~6.5, grnn ~ 13.6 I

Z,, (GeV) Oy 9 Gann 0, nn

06 [265 268] 45 62| 62 105 | 201 2o
57| m0 | 51 62| o1 i 9s 07
E 55205
o5 “o5 205

1.0 39.0~438 |-42~-65|-13.7~-17.6]-19.9~-21.7

fitted prediction 50% dev.

Parameters: zm, gv (free parameters), mn=0.94GeV
M=2.34MeV, > =(311MeV)"3 < m=x fr

g5=2 7T — Matching to pQCD  Erlich et al (2005)
C < Nucleon g-2 Hong, Kim, Siwach & Yee (2007)



Nuwmericol Re/ywayl
Data: gonn= 4.2~6.5, grnn ~ 13.6 I

Z,, (GeV) Oy 9 Gann 0, nn

06 [265 268] 45 62| 62 105 | 201 2o
O T N ISRy ISRy
E 55205
o5 95205

1.0 39.0~438 |-42~-65|-13.7~-17.6]-19.9~-21.7

fitted prediction 50% dev.

Comparison to Skyrmion approach for baryons

Similar results: gonn= 5.8, grnn ~ 7.46
Hashimoto, Sakai & Sugimoto (2008)



Suwmmarry

®We have formulated meson-baryon couplings
in 5D holographic QCD

® Spin 3 baryon ¢ 5D Dirac fermion
® 7NN, 0NN, aiNN couplings were computed

®Tn particular, aiNN coupling is a prediction,
our model can be tested by measuring this coupling



Suwmmary
®We have formulated meson-baryon couplings
in 5D holographic QCD
® Spin 3 baryon ¢ 5D Dirac fermion
® 7NN, 0NN, aiNN couplings were computed

®Tn particular, aiNN coupling is a prediction
our model can be tested by measuring this coupling

Ways out to improve the results in our simplified model

®Deformation of the metric
® Anomalous dimension — Bulk mass correction
®Quantum gravity, Stringy effects
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0 meson mass & its mode function I
7] (m z)

o (Z)NJszz[ (m.)]

at meson mass & its mode function I

Mode equation cannot be solved analytically
due to a z-dependent mass
Approximation: brane localized mass@ IR brane

Son zJ. (m. z
tan(malzm_%ﬂj~950 ZrAT,]’ fal(Z)~ 1( & )

C el




Pion mode func’rion'

Note that in the unitary gauge, if z0 ( j \/_V g5 P=0

iTs orthogonal combination of Az & P are massless = Pion

2 2 [ (0. A v2[. (2. (AY) ,en |
(Az P) 295 (a AZ) +8g§V2|:aZ( 7 ]i| 89;1 |:82£V282(Zj] 4g5Az:|

Pion mode function is defined from Az = fz(z) 7t (x)
and obtained by

3 Zn 3 2
az Z_zaz (Lj _4g52 f;r — O’ 1= J dz 12 fﬂz + Z2 4 az (Lj
Vv Z ; 20:2 8v°0. Z




