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Mesons and glueballs in chiral approach and AdS/QCD Valery E. Lyubovitskij

1. Introduction

Phenomenology of mesons and glueballs is considered in two framewdnksapproach[]1,
A1 and light—front holographic (LFH) approach proposed by Brgdskd Teramond]3], which is
based on the correspondence of string theory in Anti—de Sitter (AdS)arfdrmal field theory in
physical space—time.

First we report our results on strong and electromagnetic decay piespef scalar, pseu-
doscalar, vector and tensor mesons above 1 GeV within a chiral appifbd@]. The isoscalar
states are treated as mixed states of quarkonia and glueball configuratifin® the experimen-
tal mass and decay rates listed by the Particle Data Group is performed ti pkieEaomenological
constraints on the nature of the meson resonances and to the issue otttalgldecays. A com-
parison to other experimental and theoretical results and possible hieteotic mesons and open
interpretation—issues are discussed.

Second we present summary of our results for mass spectroscopgeamdabnstants of light
and heavy meson§]|[f], 5] in the LFH approadh [3]. The LFH approaalttivariant and analytic
model for hadron structure with confinement at large distances androoalf behavior at short
distances. It is analogous to the Schrodinger theory for atomic physicpramides the precise
mapping of string mode®(z) in the AdS fifth dimensiozto the hadron light—front wave functions
in physical space-time in terms of light—front impact variab)evhich measures the separation of
the quark and gluonic constituents inside a hadron.

2. Mesons and glueballsin chiral approach

In this work, starting from an effective chiral Lagrangidh [[IL, 2] ded in Chiral Perturba-
tion Theory (ChPT)[[6], we perform a tree-level analysis of the stiamdgjelectromagnetic decays
of scalar, pseudoscalar and vector mesons settled in the energy etageib 1 and 2 GeV. Al-
though chiral approach cannot be rigorously justified at this enerag,ssince loop corrections
could be large, we intend to use this framework as a phenomenological tegtraxt possible
glueball-quarkonia mixing scenarios from the observed decays. Eher ggueball is introduced
as an extra-flavor singlet composite field with independent couplings tmlpsealar mesons (and
to photons, although suppressed). In particular, we follow the assigrthestrthe bare quarko-
nia statesN = (u+ dd)//2, S= Ssand the bare scalar glueb&l mix, resulting in the three
scalar-isoscalar resonancgg1370, fo(1500 and fp(1710. Such a mixing scheme has been
previously investigated by many authors (see e.g. discussi¢h in [2])nTH405 meson is con-
sidered as a strong candidate for the pseudoscalar glueball. Also wimtialescount it mixture
with n (1295 ~ nnandn (1475 ~ ssstates. Here we present results for the scalar mesons/glueball
(Table 1) and tensor (Table Il) mesons. Further details can be foundfm §.,[2].

3. Light and heavy mesonsin holographic approach

In series of papers (see e.fl. [3]) Brodsky and Teramond devetpeuhiclassical approxima-
tion to QCD - light-front holography (LFH) approach based on comwaggnce of string theory in
Anti-de Sitter (AdS) space and conformal field theory (CFT) in physjsats-time[[[7]. Light-front
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holography [B] is one of the exciting features of AAS/CFT correspooeleThe LFH approach is
a covariant and analytic model for hadron structure with confinementgs istances and con-
formal behavior at short distances. It is analogous to the Schrodingery for atomic physics.
It provides the precise mapping of string modeg) in the AdS fifth dimensiorz to the hadron
light-front wave functions (LFWF) in physical space-time in terms of liglotfrimpact variabl€
which measures the separation of the quark and gluonic constituents insadieca h Therefore,
different values of the holographic varialdecorrespond to different scales at which the hadron
is examined. The mapping was obtained by matching the matrix elements (e.g. rebaptedic
pion form factor, the energy-momentum tensor) in the two approachedgsg gteory in AdS and
light-front theory in Minkowski space-time. In this section we consideliagpon of holographic
approach for decay properties of light and heavy mesons.

Tablel. Masses and decay properties of scalar mesons and scalar glueball

Quantity Exp Theory | x?
Mt, (MeV) 1350+150 | 1417 0.202
Ms, (MeV) 15075 | 1507 | ~0
Ms, (MeV) 1714+5 | 1714 | 0.003
Mt,—~m (MeV) |380+4.6 | 3852 | 0011
M xc (MeV) | 94+17 | 1036 | 0.322
M,y (MeV) | 56+13 | 190 | 8109
Momm/T 1,k | 0-20+0.06 | 0.212 | 0.036
Monn/T ik | 0-48+0.15 | 0.249 | 2.446
Mo /T2 m | 0884023 0.838 | 0.032
M aprmy/Tag—mm | 0.35+0.16 | 0.288 | 0.150
rKgﬂKn (MeV) | 273+51 59.10 | 17.590
(rfs)zp (MeV) 140+10 14327 | 0.110
X2y i - 29,01

Tablell. Decay properties of tensor mesons

2

Mode Exp (MeV) | Theory (MeV) | x;
Mt,—mr | 1570+7.6 | 15351 0.210
My, .kx | 85+09 9.15 0.526
[ f,—nn 0.83+0.20 | 0.80 0.023
Mt mn | 0.60£0.16 | 0.55 0.102
Mr Kk | 648+£76 | 4164 9.288
Mt nn 75+29 6.49 0.196
Mo kk | 52+11 6.64 1716
Map—nm | 155+£2.0 | 1842 2.134
May—n'm | 0.57£0.12 | 0.80 3.652
Mc—kk | 491+25 | 40.08 ~0
Xo - - 18.496
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Our starting point is the equation of motion (EOM) for the AdS mode in the fifth déoen
z (holographic coordinate). The soft-wall model developed in REf. [Blased on the following
one-dimensional Schrédinger EOM:

[ d?  1-4L2
dz 422
whereU (2) is the effective confinement potential:

+U(2)|®(2) = M2D4(2) (3.1)

U(2) =k*Z+2k*(L+S—-1). (3.2)

L,S are the radial, orbital and spin quantum numbers, respectivelg;the scale parameter
related to the dilaton field.
The string mode is given by normalizable solution

2n!

1L 3+l —1k22, L K2
— K zz7re 2" L, Z 3.3

P(z) =

with [5°dzd?(z) = 1. HereL}(x) is the generalized Laguerre polynomials. From E[gs] (3.1) we get
the hadron spectrum at zero quark masses

M? = 42 (n+ L+§>. (3.4)

®(z) can be directly mapped to the LFWF due to correspondence of AdS andftaittampli-
tudes. In particular, considering the case with two partpnandg, and making correspondence
of the holographic coordinateto the impact variabl€ in the LF formalism

72—, ?’=bx(1-x) (3.5)

whereb | is the impact separation and Fourier conjugate to the transverse mormentwa obtain
the relation between the AdS mode and meson LRI, (x,{) in massless case:

Tax Q)7 =xa-x) 2 2O 36)

where f (x) = 1. Extension to massive quarks has been suggested by Brodsky r@miohel [B]
and later was considered {f [5]:

d? d? , M g
—d7Z2—> de+I1127 H12—7+m
_bh
f(x) — f(x,m,mp) =N f(x)e 242, (3.7)

whereN is normalization constand, is additional scale parameter.
The modified hadronic wave function and mass spectrum are written as:

Wi (% £, M, M) — j% £ (x, M, o) /XL,

1

/dzcb (d; 14;L2+U<z>)¢<z>+‘/dx(”x‘5+”‘i)f%x,ml,mz) (38)
0
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One should stress that this approach correctly reproduces massispettieavy—light mesons in
the heavy quark limit

M(%q:4K n+L+ /dx<r‘ré n%>f2xnh,nb)+

- (mq—H\—Irﬁ(l/mQ)) (3.9)

where dimensional parameters are scalexi asﬁ(m%) andA = 0(,/mq). Itis seen that Eq[(3.9)
is in agreement with prediction of heavy quark effective theory (HQET):

2K? 1
My—-Mp=——"  ~ — 3.10
v P My +Mp Mg ( )

It is also interesting to consider the limit of heavy quark masses for heaaxymuia(Qléz).
For this we express the longitudinal momentum fractions througb-twnponent of the internal
momentunk = (k| ,k;) as (see alsd][8]):

_atk o ek (3.11)

e t+e’ Cete’

whereg = |/mg +k2 andk® = k% +kZ. Then considering heavy quark limiig,, mg, > k1, k;
we get

mo, + Kz mo,
x:7+ﬁln%, 1—xf7 mé 3.12
mg, + Mg, (/) m, + Mg, ot (3.12)

Hence,

”f mé = (Mg, +mg,)*+ &(1) (3.13)

Therefore the leading term of the mtegral containing the longitudinal mode idysgiyen by
(Mg, + Mg,)?, which is the leading contribution to the mass squared of the heavy quarkibnia
means that we correctly reproduce an expansion of heavy quarkosgimiaeavy quark limit:

Ma,q, = Moy + Mo, +E+ 0 (1/mg,,), (3.14)

whereE is binding energy.
As application we present results for decay constants of pseudoacalatector mesons in-

cluding light and heavy quarks (see Tables III-V).

Tablelll. Decay constant$ of pseudoscalar mesons

Meson Data [MeV] fp [MeV] | R= fp/f5® | k [GeV]
m 1304+0.04+0.2 130.4 1 0.425
K~ 1555+0.24+0.8 155.5 1 0.507
D" 2058+8.9 182.1 0.88 0.6

D7 273+ 10 183 067 |06

B~ 216422 165.7 0.77 0.6

BS 253+8+7 166.2 0.66 0.6

Bc 489+5+3 399 0.82 1.33
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Table V. Decay constant$, of vector mesons with open flavor

Meson| Data [MeV] | fy [MeV] | R= fy /™ | k [GeV]
D* 245+20°3 | 182.1 0.74 0.6
D 272+16'3,| 183 0.67 0.6
B* 196+243° | 165.7 0.85 0.6
B: 229+20"7; | 166.2 0.73 0.6

Table V. Decay constant$, of vector mesons with hidden flavor

Meson| Data [MeV] | fy [MeV] | R= fy/fy® | k [GeV]
o0 154.7 130 084 |06

w 45.8 43.3 0.95 0.6

Q 76 63.2 0.83 0.6
J/y 277.6 201.1 0.72 1

Y(1s) 238.4 142.2 0.60 1.37

Acknowledgments

This work was supported by the DFG under Contract No. FA67/31-2NmdGRK683, by
Russian Science and Innovations Federal Agency under contrdi2.M40.11.0238. This research
is also part of the European Community-Research Infrastructure atitegrActivity “Study of
Strongly Interacting Matter” (HadronPhysics2, Grant Agreement I26421) and of the President
grant of Russia “Scientific Schools” No. 871.2008.2.

References

[1] T. Gutsche, V. E. Lyubovitskij and M. C. Tichy, Phys. R&79, 014036 (2009); Phys. Rev. 8D,
014014 (2009).

[2] F. Giacosa, T. Gutsche, V. E. Lyubovitskij and A. Faesddays. Rev. Dr2, 114021 (2005); Or2,
094006 (2005); Phys. Lett. 82, 277 (2005).

[3] S.J.Brodsky and G. F. de Teramond, Phys. Lets8B, 211 (2004); Phys. Rev. Le®4, 201601
(2005);96, 201601 (2006); Phys. Rev. T¥, 056007 (2008).

[4] A.Vega and |. Schmidt, Phys. Rev. T8, 017703 (2008); Phys. Rev. 19, 055003 (2009).

[5] A. Vega, |. Schmidt, T. Branz, T. Gutsche and V. E. Lyuliskij, Phys. Rev. 080, 055014 (2009);
T. Branz, T. Gutsche, V. E. Lyubovitskij, I. Schmidt and A.g# in preparation.

[6] G. Ecker, J. Gasser, H. Leutwyler, A. Pich and E. de Rafleys. Lett. B223, 425 (1989);
V. Cirigliano, G. Ecker, H. Neufeld and A. Pich, JHBB06, 012 (2003).

[7] J. M. Maldacena, Adv. Theor. Math. Phy%.231 (1998) [Int. J. Theor. Phy38, 1113 (1999)]

[8] G.F. de Teramond, Invited talk at the Third Workshop @& &iPS Topical Group in Hadron Physics
“GHP2009", http://www.fz-juelich.de/ikp/ghp2009/Pn@gn.shtml



