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‘Outline I
AdS/CFT correspondence

dictionary, holographic model to describe the low energy p, a1, ™ resonance dynamics,
chiral symmetry breaking (spontaneously and explicitly)

summary of the results without dim-6 operators
the problem: KSRF relation, vanishing I'(a; — 7y), D/S ratio of process a; — pm,
pion charge radius

our model with 2 dim-6 operators

ik Tr | Ly nDMODN T + RMNDMCI)TDN<D], CTr [LMN@RMNCI)T]

spectrum and decay constant
My, May, fr. [pand fq,

interactions and numerical results
a, — pm, p — W, a1 — T, pion electromagnetic form factor, chiral coefficients L;

summary
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‘ AdS/CFT correspondence |

e AdS/CFT correpondence

In the large N and large t' Hooft coupling A\ = g3, limit, type IIB string theory on
AdSs5 x S® space is dual to N' =4 SU(N) 4D super Yang-Mills theory.

/DGbCFT ¢~ Scrrlécrr)—[ d's o0 _ Do e~ Sbulkl?] = piSerslPo]
®0
0"Se . .
(O0...0) = 53 f5f¢ (for n — point functions)
0-..000

e dictionary
4D CFT <= 5D AdS
global symmetry in CFT <= gauge symmetry in bulk
operator O(z) <= bulk field ®(x, z)
dimension of O(x) <= bulk mass of ®(z, 2)
large N. <= gauge coupling M;5L
large momentum Q <= small z
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‘ Holographic QCD model |

J. Erlich, E. Katz, D. T. Son and M. A. Stephanov, hep-ph/0501128; L. Da Rold and A. Pomarol, hep-ph/0501218

e chiral symmetry SU(3);, ® SU(3)r

dual to gauge symmetry in AdSs with metric ds® = (£)?(n,, dz"dz” — dz?)
e color singlet flavor operators and low energy dynamics of p, a;, =

qhLq) < 3 x 3 scalar @, (3,3)
qryHt*qr < left gauge field LS, (8,0)
JrY"t*qr < right gauge field R$,, (0,8)

1 1
L5 = \/§M5Tr[ — ZLMNLMN — ZRMNRMN
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/

IR-bound.
Z:‘Ll
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Ly — 0 (UV), and L; (IR), breaks scale invariance and gives a mass gap of order Aqcp.
e chiral symmetry breaking, SU(3)r, ® SU(3)r = SU(3)y

(@q), quark mass m, <= (®(z, z))
[qq] =3 < M3 = A(A —4)= -3

solution (®) = M,z + §z—z, describe chiral symmetry breaking both spontaneously and
1

explicitly.
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KK decomposition ®(x,2) = > fn(2)®™ (),

‘ Holographic QCD model (cont’d) |

e mass spectrum and decay constants

identify p, a; and 7 as the lowest resonance.
then the problem reduces to two-boundary problem with proper boundary condition.

calculate m,, fy, May, fa, fr
interaction vertex, g = fLLol dzfi(2)fi(2) fx(2)

case Ly K (10_6) mp maq I'(p — nm) I'lap — my) I'(ay — pm)
fr ¢ | ¢ao fp fay gpmr ror(fm) D/S ratio
exp 775.8 = 0.5 1230 =4 40 146.4 £ 1.5 0.640 £ 0.246 250 ~ 600
86.4 + 9.7 0.66 4+ 0.02 —0.108 + 0.016
A 3.125 0. 769.6 1253 95.4 0. 295.5
85.0 4.0 0. 138 163 4.8 0.585 -0.055

Tab. 1. The unit of masses, decay constants and decay widths is MeV.

e the problem

wrong KSRF relation =5
p

2
9prm

- 3}‘% (3

2), small g,zr, vanishing I'(a; — 7), small D/S

ratio in a1 — pm decay, small pion charge radius r.
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‘ Model with dim-6 operators |

e \We expect higher dimension operators can contribute to a; — 7y and improve the
phenomenology, such as pion charge radius, D/S ratio in a; — p7m decay.

Lm0 = /gMs Tr [ - z% (LMNDMcDDNcN + Ry nDM T DN<I>)

5
C MN
> Lan®RMN T
+M52 MN

1
Vi = —=(Ly + Ryy), Ay =

7 (La — Rr)

1
V2

e similiar operators are considered in 4D models.
in the framework of massive YM theory, u. -G. Meissner, Phys Rept.161(1988) 213.
linear sigma model, p. ko, s. Rudaz, Phys.Rev.D50 (1994) 6877,
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‘ Mass spectra and decay constants |

e two-point correlator

05 f(2)
2f(z)

I(p?) = M;sL

z=Ly—0

with f(z) as the solution of equation of motion with two-boundary condition.

e In large N. limit, correlator is related with the resonance
masses and decay constants

fa ) s

Ma(p’) = p° - + f :

270, )

MGt = Y |
o 2 2 ~

n p MVn éo

® mass as the pole, decay constants related with the residue

2 : 2 2 2y, 2 o
foay = Jlm (p"—my Jlva®’)/p
LN -8
to L b ! |
fi = I14(0) | oABS(p)
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‘a1—>p7r I

e a; — pm, 3 Lorents structure

Laror = iG1a1on (A" [V, A2]) + g0, pr T (AU [V, 8, A.])
Figaa,p Tr(AM [T, A,))
G1apr: dim-4, k term, ¢ term

92a,pn- K term

D/S wave amplitudes

(p(ksp)m(—k)|H|a1(05a,)) = ify pnOspsay Yoo(u) + ifs o D C(2115mL5p8a;) Yam, ()
mr,
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‘p—>7T7T I

e p — 7w, with both minimal and non-minimal coupling

i . .
£p7r7r — EQPWWTI(VM [A57 aMA5]) +

1

75 e Tr(V1710,45, 0, 4s))

1
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gy
|-
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e check the low energy theorem, O(p?) four-pion interactions

N Jorn 1
Gt =
— M7 3f7
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‘ Interactions: 7w vertex |
e photon as external field

compared with Da Rold and Pomarol's method to introduce photon as U(1) subgroup of
SU(3)y.
no need to worry about photon KK states, calculate pion charge radius r,

1
vV MsL

Vi (2,2) = eF,(z)73 + STV (@) £ (2)
n=1

e pion electromagnetic form factor .
kinetic mixing of v and p, £, = —%engWVW

pion electromagnetic form factor, in the small 2 '
.. 9 ’f-m\%, nt ’ R
momentum limit VW\T:( Seste
2 1,.2 2 4 SO,
F(®) =1+ 4r2¢* + O(g") T R
ol e e N\
: : 2 frymn gvp9Gprm R ) . m-
pion charge radius r, 77 =6 [ — 9371’77 + ang ] ‘ a

e different from usual VMD
kinetic mixing or v — p mixing mass term
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‘a1—>7w I

® a1 — 7, similar to a1 — pm

Loypr = iglalprr(Au[f/m Az]) + i92a1p7rTr(Au[‘~/Wa &/Az])
‘|‘ig3a1p7rTr(AMV[‘7w/a Az])

~ ~

We have checked the non-gauge invariant term Tr(A*[V,, A.]) is cancelled. Then only
and ( term contribute to a; — 7.

e As reference, the generalized hidden local symmetry o
a; — 7y and a; — pm have the same Lorentz structure, Tr(A*"[V,,, 7]),
I'(ar — my) : T(ayr — pm) ~ €2/ g5

M. Bando, T. Fujiwara, K. Yamawaki, Prog.Theor.Phys.79:1140,1988.
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case E (fit m,, mq,, I'(p — 77), fr).

‘ numerical results I

e case A (without dim-6 operators),
case B (fit m,, my,, D/S ratio, I'(p — 7)),

case Ly r (1079 mp May ['(p — 7o) I'(ap — 7y) I'(a; — pm)
Jr § q (10_6) Jp Jay Jprn rr(fm) D/S ratio
exp 775.8 4+ 0.5 1230 4 40 146.4 4+ 1.5 | 0.640 £ 0.246 250 ~ 600
86.4 + 9.7 ~ 160 0.672 £ 0.008 —0.108 £ 0.016
A 3.125 0. 769.6 1253 95.4 0. 295.5
85.0 4.0 0. 138 163 4.8 0.585 -0.055
B 2.836 -5.930 775.8 1230 146.5 0.088 165.3
71.9 2.56 -39.72 144 182 5.8 0.654 -0.094
E 3.102 -16.03 775.8 1246 146.4 0.042 409.8
78.7 4.010 0.09188 140 172 5.6 0.640 -0.027

Tab. 2: The unit of masses, decay constants and decay widths is MeV.

e non-vanishing I'(a; — 77), still 20 away

e pion charge radius 7, good agreement

2
e KSRF relation 222t =

Heavy lon Meeting, Sept. 29, 2006

D55 — o, (2 — 3), still bad
p ™

Xiao-Hong Wu KIAS 11/14




‘ chiral coefficients |

e chiral coefficients, L3: also from S, Ly56: S, L7: P, Lg: S, the O(p*) chiral Lagrangian

L4 L1 Tr?[D,U'D U] + LyTr[D, U D, UITe[ DU D" U] + L3 Tr[D, U D*UD, U D"U]

L,Te[D U DPUITe[U X + xTU] + LsTe[D, U DPUUTX + xTU)]

— -

LeTr?[UTx + xTU) + Ly Te[UTx — xTU) 4+ LeTr[x UXTU + UTxUT ]

—  LgTY[FE'D,UD U + FI DU DU + LigTe[UT FR U Fy )

e chiral coefficients, integrate out p and a;

4 f4
L — g — ) prs Lo = 2Ly, L3 = —6Lx,
1 Sm%gpﬂ'ﬂ' 4m%gp fp 2 1 3 1
4 2 4
. T 2 f7r 2f7r L 1 / /
L9 — m%gmmr + Qm?oegvpgmmr - m% gp7r7rfp7r7ra LlO - E[HA(O) o HV(O)]

e electromagnetic pion mass difference, operator Tr[QrUQ U]

BCVem
Y 2 —_
~ 5 dp* (Il 4 — I1y/)
8TMy f
: mJmw JO : KIAS
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case Ll L2 L3 L9 LlO mw_|_ — mﬂ_o (MeV)
exp 04+03 | 14+£03 | -35%£1.1 | 6.9+£0.7 | =5.5£0.7 4.6

A 0.43 0.86 —2.6 5.1 —5.5 3.4

B 0.32 0.65 —1.9 4.0 —5.0 1.5

E 0.46 0.93 —2.8 9.3 —5.1 2.9

Tab. 3: The unit of chiral coefficients L; is 1073.
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‘ Summary I

e We considered dim-6 operator contributions in holographic QCD model.
p, a1 mass spectra, decay constants, phenomenology, chiral coefficients

e non-vanishing I'(a; — m7y), still 20 away

e pion charge radius, good agreement
different VMD

e KSRF relation, not good

M. Harada, S. Matsuzaki, K. Yamawaki, hep-ph/0603248.
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