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Holographic Models of mesons

-bottom approach :

M-theory/Supertring Theory QCD-like Gauge theory
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>D Model of light glueballs

eballs : Bound-states of gluons (gg...)
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» Scalar glueball : | 2 = (47 +&)a? « Vector glueball : | m2 = (4n + 12)a?
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Regge behaviour (n >>1)
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ut the operator/field correspondence

totally antisymmetric tensor with p indexes) h
O-form: @  (scalar)
1-form: Ax  (vector)
. > Bulk
2-form : ;4.[_.14?_.“\-'] (Strength field Ew_w )
P, Mads
.of motion DA(z")=0 <— massterm @A(E?M)I |
7
» Superconformal gauge theory : conformal group invariant )
Scale transf. : 2" — Az I

Field  Aj(2") — A2 Ap(2*)

A, A I : scaling dim. = canonical dim.

Operator O(z") — A™20(2") (without anomalous dim.)

(Eﬂi fdﬂl;trflg(;r)O(;r))CFT . <Eif dir)??{}%%}f‘r»
Q} 4-A-A=0lor A

R*migs = (A —p)(A+p—4)
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: R counled * strongly coupled A
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» conformal

massive dimension
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Bulk field A(:z:“,z)l{ p-form <> (" operator O(z*)] Scalng Al

scaling
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_
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* renormalisation scale

Q> How modifying AdS/CFT towards AdS/QCD ?

4

QCD could be nearly conformal (UV) (Brodsky '02; Alkofer et al. ‘04)
QCD could have IR fixed point

Dimensionless renormalized Green function : G (p, m. A, 1) I
d\(t)

/_
- effective couplin A— At A i 2 B
Renormalization : SIS & )I with | —— = 5())

— # <
- effective mass m—m t,'m
~— J

i — f(t) = etu dIn m(t)

dt

= Tm (;\)




d 19, J
9 9 L “(n) _
('u'i:),u. + d’[)\}aA + Y (A)m 33??)6 0

G™(p,m,\ 1) — G™(e'p,m,\, 1) = G™(p

iral limit m=0 : A(l) breaks scale invariance

. : : scale invariant theory
Classical theory or fixed point : =0 and A(t) = A = const.

Chiral QCD : m=0 QCD nearly
—> : :
{ IR fixed point A* : B(A*)=0 conformal invariant

AdS/CFT

r AdS%QCD 1

Effective bulk field action Deformation o

SeFf A(aM) I ds? = 245 (N dztdz” + dz?)




rum of p meson (sonetal 0s)
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Dual theory in  AdSs | ds® = Rﬂ (dz* + d2?)

Z
Gauge symmetry _
(SU(3), x SU(3)r) Dilaton :

local

5(2) |

Scalar field : X(x, z)

eft/right gauge field

L(z,2)] Ak, 2)

TABLE [: DperatﬂMe]

SOOI

bulk fields

operators
P 4D: If){:c\ /5/[): o(x, 2}/ D A (ms)?
q_L‘;f“tagL A%p‘ 1 3 0
qR") ARy 1 3 0 }
2/2)X 8 0 tag:hyom%

8

T (F + F)

Seff—/d“':s:\/_e |DX[* +m2X 0

JI
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ar case of the Pseudoscalar glueball

Fenime .
m(0™) _ 54334096 - pseudoscalar heavier than

)
mg(0°) scalar glueballs !
. Hybrid states (aq’g) . Pseudoscalar glueball 0 *
| |
I | ~
I — - | TrFF —
4 i Tr(gDq), | A=4 i Irrr A=4
i p=1 =0
x, - A (z, 2) . A (,2) —
XA{E- z) m: =0 I i Aﬂw Z) mi =3 i ;’”H 3] mi =3 II
| |
‘ | I
m? = 4n + 8 | m? = 4n 46 | m? =4n + 6
g S e —
——————— lighter ————~

Top-to-bottom approach (Evans et al. 05, Csaki et al. ‘06) =——=> (massless) 1-form Am

r Modification of the background 1

modification of the dilaton modification of the ¢
d(z) = =z

M N



2 2
2, (2+20)  dm
Vi) =224 = ), o+ (=) +0N)

LY_J\V/H_/

dilaton geometry
2
e geometry : v(:) =:+ (e 4;2’:} (c — 1) +0(A)
M —— e
itch hierarchy dilaton geomeiny mass dependent

modification

Scalar glueball " "1 Pseudoscalar glueball U—+|

|
|
TrF> A=4 i IrrE | A=4
|
D=0 i p=1
|
—  — ' —
|
m.i = 4n + 8 | m.i =4n 46
md = 84 AT mp = 6-ANE
Perturbative 23 /7
modification [m7 = 12+ )um%? mi = 10— ASgF
of the geometry —
m3 = 16 422L/F mj = 14— g

16

~ —(.2
45/

small value of A :
modified spectrum

-m%(ﬂ‘ﬂzmﬁ(ﬂ**)l > A<-—



stants of glueballs

ez’SE” (X (z.2)] _ ( ot d‘i;rXD(;r)O(;r)>

CFT

tor function  II(g” Decay constant
(g )| — y

Hoco(q2 )=TTaas(q°)

+QCD: Toon(f) =i f di 9% (0| T (2) 0 (0)]|0)

Completeness in the 2 chronological order :

) -1_-

X(q,2),0.X(q,2)

)

Fourier transf. of X(x,z)

« AdS : H_ng(qg) = (



pagator (massless scalar bulk field) :

/ d'a’' K(z, 22", 0) Xo(2)
Meo

nslation invariance : K (x — 2/: 2, 0) =2 §%(z — 2/)

« ¢*=—m* | normalizable bulk mode I{’n(z}l ——>  dual to particle s

—

z—>0 [K,(2)~A,?7"

¢« ¢*>0 I non-normalizable bulk mode (g, z)l —>




completeness

DG(g* 2,7) = —6(z — 2)

K.(2)K (z’)l
G 2. I — E T 1)

~ _ —3(2')
Green'’s theorem : K(gq,2) = K(q,z’)(ET)asz(qg, 2, 2)

f_s()

o—0(2)

wJ -

3

Maas(q®) = FrmZ m? [E (q, z)

l
1 1IZ3 4Anz

C—> | fuo=44,~y8(n+1)(n+2)




ight meson spectum :vans et al. o)

=cq Diirichiety p-brane model of spacetime :
. (gq=ud,;s) —»> A .
B=bq * p spatial-dim. object

* (p+1)-dim. spacetime

D1-brane ﬁ
t
DO- brane ym/ D3-brane in 4-dim. Spacetime :  M* I’?

Y y(0,t)=0 (L,t)—Oj
Y
Dp-branes : boundary conditions ——>

Open string endpoints
attached to Dp-branes

@: Open string spectrum :@
D3-brane : > D3-D3-branes :
' 4




1 :> 1 massless vector
AF2 = (] .
M o (s (tachyon, massless scalars)

(harm. osc. E=hw(N+1/2))

AP _—(\ —1) +

quantum osc. classmal energy of . (energy/length)

D3-D3-branes :

0 the stretched string =~ X (length)
> 1 massive vector il 1 massless vector
(tachyon, massive scalars) -
12 _
ﬂ_f’ﬂ = I:Tg (;E‘-z S fl)] 2 _'1.{ —_ 0

Standard Model

(QCD) 3 x 3 massless vectors : 9 gauge fiel

in (3+1) spacetime
M| 3 D3-branes$




* N superposed Dp-branes >  Gauge theory SU(N) in (p+1) spacetime
3 D3-branes SU(3) in (3+1) spacetime

I L

Boundary of the bulk “»['L

* Gluons : open strings with the 2 endpoints attached on the 3 (colored) D3-branes

e Quarks : open strings with { 1 endpoint attached on the 3 (colored) D3-brane
1 endpoint attached to a flavour Dp-brane (D7-brane)

flavour brane

® < ==L

IR '

cl

color brane flavour brane color brane
(red,green) (u,d)
&> Massive quarks M* = [Ty(z; — #)]” % Massless (chiral) quarks



orane model of heavy-light mesons

holo. spacetime

/ meson string
= AdSs x S
L~
5
1 | | > X4,...,X9
H_/ d D
3 D3-baryonic S N =
branes (r,b,9) 2 D7-flavour branes
(% su): aco 5,8 el (0

D7-D3 open string spectrum :  M° = %{N —1+ i) + [To(2; — 71)]°

@ semi-classical string limit — D>>d
Heavy-light meson spectrum : /% = [TD(D _ fg)]z

Mp =770 MeV :d ——> B meson:Ms= 6529@
My=9.4 GeV : D ‘OG"
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