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Introduction

» AdS/ CFT correspondence claims: Strongly coupled 4-dimensional

gauge theory = Gravitational theory in 5-dimensional AdS space time.

» Gauge theory at zero temperature < AdSs spacetime.

» Gauge theory at finite temperature < AdSs black hole.

» Top-down approach to AdS/QCD: start from a string theory in high
dimensions and try to construct a low dimensional theory with features
similar to QCD.

» Bottom-up approach to AdS/QCD: start from known QCD
phenomenology and try to understand which feature its high dimension

gravitational dual should have.
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AdS/CFT dictionary

4D theory
Gauge invariant QCD operator 0 (x)

Hadrons with quantum numbers of O

Hadron mass square
Conformal dimension A

UV regime

IR regime

Decay constant < 0|0|hadron >

dS? = e?4s(—dt? + dz? + dx'dx;)
S —log(2), o= u?z*

:o.
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5D theory
Field W(x, z)

Normalizable modes ¥, (x, z)
Eigenvalue of a 5D wave eq.

5D mass ms:
=@-pl@+p-4

Smallz — ¢
Large z — z,,
¥ (2)

ZTl

Z—0
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Formalism

» The AdS/ CFT dictionary dictates: local symmetries in 5D = global
symmetries in 4D. The chiral symmetry: SU,(N¢) x SUg(Nf)[hep-ph/0501128,

hep-ph/0602229]. Let is consider the number of flavor N;=4 [2007.02273,
1702.08417, 2110.08215].

Sy = —/ d’xy/—g e ? ﬂ{(DMX)T(DMX) +mz| X|?

|
+ gy (P L+ BN Ragw) + (DM H) (D ) + m2[H|*},
D

Dy X =0 X —ily X +iX Ry and Dy H = Oy H —iVPH —iHV)Y —

Lyn =0ymLy —ONLy — i [LMa LN] v 4D: Ofx) 5D: ¢(x, z) P A (ms)?
Ryny =0y Ry — OBy — i [RM, RN] . quy'tir %,LL 1 3 0
. 5 5 arY "t qr Apy 1 3 0
the coupling constant gz = 127= /N, 2 (2/2) X 0 5 _a
X — eiwata X ei'nbtb
— 0 s LM:VM+AM a,nd RM:VM_AM'

Xo = diag[vi(2), vi(2), vs(2). ve(2)] H = diag|0, 0,0, he(2)] 5
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Formalism

To obtain the meson masses as well as the three and four point coupling
constants, the action is expanded to quartic order | ], which is given

as 5 =S 832 4 5G4 4 g

Zm e—q“)(z) e—cj)(z) ; ]
S0 _/( d° {73 (2-1;{(3)1,{(3) + vl (2)vl(2) + -v;(.z)-l,"’;(.,)) + m2 (21)1(3)2 + ve(2)? + -vc(z)g)
)

—(z) —é(2)
€ (&
03 (h’c(z)h’c(z)> +— m%hC(g)z}
2 “Zm e ?(2) t i i — b 1516 15.15
5 — — [ d g o (@ = ALY — ALME — VAVIM 4 VEVmi
0 b

+ 4(}27 ?,,mpn-nq (I/ym-'n-v})q —+ ‘lenflpg) }§

A~

s

*Zm — (=)
(. 5 m.ne a P a 7b__c abe 7a (s c b, ¢ abe
S — —]O d ;r{n — (Q(A,m — D)V I g 4 VA (D, (70 ¢) — 2AL 7w Rt )

mp, ng ({7 by e ra Ab ac Aa b oac Aa Abyrc bca
+ 2(}27 n U (LT?IHLP I’q + I’*rnnflpfiq + ann"p flq + ‘477172 fip"q )f ?
d5~

7b_e__d iy abed achd
" mI/-nﬂ— T (h — g )

“Zm — (=) 1
1 ( £ ) Trn € “ a A / C : 0 -C aoca 7
S — —]ﬂ d ;r{n —5 ([C)mﬁ — A2 [Ab remd — gdn(ﬂ'}ﬂ' adyjrabed 4y

1 s a_b a _b 1 P c e _dyr.abe eid)(,‘:) mp, . n ray byreys a reY s raysb q4c
+{§dﬂl'(ﬂ— ﬂ—}) - ‘437171—}“5071(71— ﬂ—d) - ‘4717Ti]k ! d) + mn p?'? q(vnivé T’/pqud + ‘4751‘4?1}/1)71/(}(1 + -{/ml-‘/?"i ‘419“—12'

m*in VY p~ mYn ' 'p

Aa Ab qc¢ ad ra abyrc ad Aa Y7byre ad abed
+ A% AL ACAT oV ALV AL 4240 VIV Ad) f }
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Scalar Fields

.
oy

The EOMs for the scalar vacuum expectation value v, ; .(2):

7 e ¢ mg
=ty 0, = 0, vq(2) + ?vq(z) =0
With the analytical solutions: ¢, (2) = C1(q) z V7 U(%,O,gb) — Cs(q) 2 L(—%, —1,¢)

Expanding v, (z) at the UV boundary:

3
0e(2) =0 =2 C4(q) 2+ (Cg(q) uQ + C1(q) [ — uz + 275;1,2 + 2u2Log z+ 2,u,2Log o+ Mz‘l’(§)D23
Ul,s,c(z) — Ml,s,cz + Zl,s,cz3

The auxiliary field h.(z) has similar solution,

1

he(2) = Dy = VA U(5.0,0) = Dy = L(=5,~1,0)

he(z) = mez



Vector Fields
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The EOMSs for the transverse component of the vector fields:

2 e~ 202 (mab — )fab i )
(_e¢az J, + g5 (my V)) (g, 2) = — @ (g, 2),

z 22

Gauge fixing: #% =0,and 0, Vl”’a =0
Boundary Conditions: Vlfz)a(zﬂq’z_)o =0 and 8ZV;$)a(z)|z_>zm = 0.

Decay Constant:

/ 6iq$<J€'f‘p( )J\x Wb (0)> — 5(15)(@,(191/ - q2g,t“/)HV (QQ)

gy

‘ —o(z) 7 > 6—(;‘)(2) 'L"f), 1/) o (2
Hv(qz) _ _6 — ()ZV(Q )‘ZE—>07 V(Z!) _ F ( ) Vv 2( )
934 2 2 g% — m?
HV(QQ) . 1 ‘ {GA(g) g)(e)l%’ (Eﬂz
gng n QQ o Tn"'?z,

Considering the definition of the decay constant: (0| |V (p)) = i F, p*
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Pseudoscalar Fields

The longitudinal part of the axial vector fields and the pseudoscalar fields have mixing, and their
EOMSs can be written as:

2 M“b
20.0"(q.2) + A9 7 (q, 2) = 0,
Method I: z e~ . 202 M4 "
oo (So (q,z>) B (p(g,2) — (0,2)) =0,

With boundary condition 7™%(q,2)|.-0 = ©™%(q, 2)|.-0 — 0 and 0.0™(q,2)|,5., =0

There are different combination of the ¢ and m fields to solve the EOMs,

9 4 1y rab
Mmmmu:ﬂfxrﬂfaai—zﬁméo@ﬂfxnﬁm(Zﬁrrnwwhama=%f4
by | " ab
Method I ’7‘%:0273:/—02;—182(2—@)%(2) =—¢'%, f2) = 2g5f

Since M, (gq%) - —f;2q? with g2 - 0, the decay constant of the pseudoscalar
meson is
eAO=59, A(0, ¢)

2
fﬂ' - gg e—0




Free parameters
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There are several free parameters in the model which can be fixed by the
masses of different mesons.

» p = 0.44 GeV : Use the Regge slope: mj = 4u *n.

>

>

C,(D) = 0.069 GeV’: —LOGZ(%OazA(H)H(q,ZH% 2(q,2)=m"™ A" (g, z) forn = 1,2 =3 and m, = 1.230 GeV.

265Xy (2-v,(2))

C1(s) = 0.090 GeV:—ﬁ@Z(%OaZ V¥ (q,2)+ V(q,2) = m V¥ (g, 2)forn = 1,2 = 4 and m,. = 0.892 GeV.

C1(c) = 0.614 GeV: (—ﬁﬁzizo@ﬁ ZZ AR g, ) :m;iizA(”)‘g(q,z) frn=1,a=15adm_=3511GeV.

2g52(%]1

)
Z

—0

D,(c) = 0.509 GeV:(—%a 0+
Coe

R
—_—
By
—
=

)V(q,2) = m' V®(q,2) forn=1,2 =15 and m,, = 3.097 GeV.

AR JIU

M, = 138 MeV, M, = 180 MeV, M, = 1228 MeV,m, = 1018 MeV.

%, = (137 MeV)3, =, = (149 MeV)3, 5, = (283 MeV)3, g, = (262 MeV)?

10
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Vector Meson Spectra

n p (MeV) K*(MeV) w(MeV) D*(MeV) D;(MeV) J/P(MeV)

Exp. Model Exp. Model Exp. Model Exp. Model Exp. Model Exp. Model
1 775 880 892 892 782 880 2007 2341 2112 2293 3097 3100
2 1465 1245 1414 1251 1410 1245 2627 2551 2500 3686 3394

3 1570 1525 1718 1529 1670 1525 2781 2789 2714 2733 3773 3692

4 1720 1764 1960 1764 4040 4289
Dt
5 1900 1993 2205 1993 f
151
6 2150 2233 2290 2233 S |
910j
7 2330 2490 f "
5r A 8 a8
_ I .
ol @ T

11
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Axial Vector Meson Spectra

n a, (MeV) f1 (MeV) K{(MeV) D, (MeV) D {(MeV) Xc1(MeV)

Exp. Model Exp. Model Exp. Model Exp. Model Exp. Model Exp. Model

1 1230 1232 1282 1335 1253 1306 2422 2649 2460 2695 3511 3493

2 1411 1487 1426 1573 1403 1548 3872 3828
3 1655 1710 1518 1784 1672 1763 4147 4153
4 1930 1919 1971 1987 4274 4472
20fF T L Ty _
5 2096 2135 2310 2201 : | |
6 2270 2368 P ‘
> I
() §
(\%10_‘ ]
i >
5_ & “ a i
I v )
I v ® .
Ol T 1 1 1 1 1

12



Pseudoscalar Meson Spectra

t(MeV)
Exp. Model
1 135 337
2 1300 1461
3 1810 1671
4 2070 1861
5 2360 2048

K° (MeV)

Exp. Model
498 388
1482 1533
1629 1737
1874 1923

n(MeV)
Exp. Model
548 408
1294 1560
1475 1762
1751 1947
2010 2130

<r

‘;ﬁ

University of Chinese Academy of Sciences

D° (MeVv) DI (mev) n.(Mev)
Exp. Model Exp. Exp. Model
1865 1658 1968 2984 2586
2549 2811 3637 3668
15j' ] T T
<6y
& i .
i . 3
; 8
0. T P A T S S N N R S S
0 1 2 4 5

13




Different Methods To Obtain The
Pseudoscalar Eigenvalues

[E Bl 2 Bi N 2

niversity of Chinese Academy of Sciences

=

TU(MeV)
n Exp. Method | Method Il Method Il
1 135 337 345
2 1300 1461 1433 1513
3 1810 1671 1637 1728
4 2070 1861 1941 1923

5 2360 2048 2010 2112

14
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Decay Constants

Comparison between the predicted ratios of the decay constants with

experiment and lattice QCD.

Observable Exp./LQCD Model
fic! for 1.196 1.150
fo,/fp 1.180 1.030
oo/ fog 1.576 1.448

2 Jr2 1.005 0.990

f[};;/z /fg*/2 0.954 1.595

e 1.085 0.799
1/2 1/2

for,, /fo] : 0.386

15
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Coupling Constants

The three-point interaction of mesons can be obtained by the cubic order terms of
5D action.

s e @ b
Svyy = —/ d’x 5 ——— [V IEAVIVE
0 95

Zm —(=
Svaa = — / &z 629 e (Vi AL AT 4 2 ARV AS)
5

Svar =

0
5 [J,H.Ab c bac 3 abc bca L, aAb Ac 9 Arv.a bAc
/O dPaf " 2V AT (g h )+—Qgng (V + VAT,

N € ¢>(Z) aoc a C C aoc a a C
Svrn = —/U d5x{ (2h bey . (Wbﬁuw — AZT( ) — 2g*¢ (AR — gH g )V;W ))

—¢(z)
e fbca (V,m/ aAb Ac + AHYs avbAc 4+ VLLV,QAZVVC)}’
295
gvvy = / dZ f P oy Py U
0
gvaa = / dZ fbcawv(n)wA(m)wA(k
0

gv Az = / dz 2¢V(m)%<m) YT ) ( bac hﬂbc) ;

_d) Z) e_gb( )
gvar = f dZ : (Qhabcwff/(n) Wi(m)lb,i(k) - wémﬂbi(k)) + QQQbC(lb%(n) - w:(m)wg(m) l/)fr(k))
0

>3

mie oz) ca
e (TPV(n)%Dq)(m)d’q)(k )}

2g2z

16
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Four-Point Interaction

Zm ¢ Z
SVVVV - / d5 64 fabcdvp,avu bvcvd’
0 957

Zm ?(z)
SVVAA — / d5 649 {2‘/.& ay/v; bAc Ad (fabcd 1+ fcbad) 4+ 2V[.L,aVbAV cAdfacbd}
0 5%

Zm (,15 z
SAAAA — / d5 € fabch,u aAv: bAc Ag,
0 4932

SAAmT - - / d5${
0
m e oo
SVV?TTF — __/ d5${ Vs aVb (habcd _ gacbd)
0

e_‘;b(z)
4g2z

?) A;,L,aAb (k,acbd . Zabca') 6_ fabchpL a AV bAc Ad}
492z

—o(

+

{2vu,avy,bA;iAg (fabcd 1+ fcbad) + QV“’anAV’CASfade},

SAﬂ".rrTr — _/ d5${ Zbacd(ap aAb T(Cﬂ-d + A,U;aa ﬂ' € 7T — AM aAb )
0

6_¢(Z) abed a_b pc__d a_b Ac__d a_b c_d e_¢(2) abed a Av,b qc ad
- (T)k (Amt P AL — e A — A0, mir?) + @f ARTATP AL AT,

Zm e
5
871'71'7771' - _/ d :L'{
0

#(z)
- (aﬁtﬂ.aaﬂﬁbﬂcﬂ_d + 8Z7Taazﬂ'bﬂ'c7'rd) (k_acbd . labnd)
z

P(=)
e
— Jbacd (a#WaAZWCﬂ'd + A“’aaﬂwbi'rc'/rd — A“’“AZWCWd)
z
e ) hed b d b d b d
— = K (AT AL T — O ALt — AR O, meme)
z3

—&(2)
4+ € fa,b(’dA;.L aAubAc’Ad}
4g3= 17
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Coupling Constants

avvvy = / dZ

—d)(z)
gvvAA —f dz g zwv(”)¢v(m)¢A(k)¢A(g) (fabcd fcbad facbd)

bed
fa L y Uy W) Vi)

—¢(z)

e aOC

gAAAA :f dz——5— A f bd%bA(n)%bA(mﬂbA(k)%bA(g),
952

—o(2)
e aoc ac
IGvvar — / dz{ %DV(n)T/JV(m)‘L’W(kﬂPW(;)(h bed g bd)

m2e ¢>(z)

+ va(n) VYo Y Wy (f20 + fP0 4 fo0N) Y,
57

2Zm e ?(2)
JAArr = / dz{ wj(n)w?umﬂﬁfr(k)wim (kaabd - lade)
0

+ ““%E‘Q“thb%n) Yo Voo Vagy (FO0d + febad 4 fackd)y
5

Zm —¢(2)
e b d b d bed bacd bd bad
JArrn = / dzq o (Y Vo Vet Yy — YW Vaom Ve Ve ) (1797 4 17990 — EoP% — 09T
0

m12'167¢’(Z) a b c d cbad acbd
TAg2s Vo Vo Vo Vagy (f + ferN Y,
5

Zm e~ ()

Yrrnm = / dZ{ [wn(n)w‘n(ﬂ’i)wﬁ(k)wﬂ(] (kade [Cbde) + wi(n)wg(m)wg—(k)wﬁ(”(lade + lbac{i — k:a':bd — kbaCd)
0
@/)q,(n)?,bq,(m)?,b (k)l/),ru)(labai - kade) z@b“(n)azzb m ¥y (k)@b,rm)(labai — k“bd)]

+ 49 %(n)%(m)%u @b@(a)fabrd}
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Coupling Constants

Observable
gK*D*D;‘/ng*D*
9k*p ps/9pD D
9k,p;p*/9a,D D*

gtpD;‘DK/gzpD*Dn

Model

1.025
1.047
1.520

1.060

.?(‘

, 1 B 22 B K 2
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2110.08215

1.038
0.203
0.433

0.435

19
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Future plan

v Apply the approach to the hard-wall model and include the scalar field in the

action.

v Extend the approach to the Baryonic sector and study the heavy baryons.

v Adding the U(1) 4, axial anomaly to the action and investigate the effect on

the heavy mesons (with Mamiya).

20
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