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Glueball spectroscopy is a unique laboratory to test non perturbative QCD and
CONFINEMENT

However :
1) several mesons have similar mass and quantum number MIXING
2) Their measurements represent a very hard task
3) Theoretical calculations of decay are very difficult! Models could help!

Why Glueballs?
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Q Open questions in Glueball Physics

So far, data have been obtained from Lattice
QCD! BUT also in this framework we have problems:

MP: C.J. Morningstar et al, PRD 60, 034509 (1999) YC: Y. Chen et al, PRD 73, 014516 (2006) LTW: B. Lucini et al, JHEP 06, 012 (2004)

0t+ gt 0+t o+t 0+t 0+t
MP 1730 £ 94 2400 £+ 122 2670 £ 222

YC 1719 &+ 94 2390 £ 124
LTW 1475 £ 72 2150 =104 2755 + 124 2880 + 164 3370 £ 180 3990 + 277

The mass of the lightest state is very hard to estimate
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So far, data have been obtained from Lattice
QCD! BUT also in this framework we have problems:

MP: C.J. Morningstar et al, PRD 60, 034509 (1999) YC: Y. Chen et al, PRD 73, 014516 (2006) LTW: B. Lucini et al, JHEP 06, 012 (2004)

) R y £ | s /S | LR ot
MP 1730 + 94 2400 + 122 2670 + 222
b O 1719 + 94 2390 + 124
LTW 1475 + 72 2150 + 104 2755 + 124 2880 + 164 3370 + 180 3990 + 277

The mass of the lightest state is very hard to estimate

Could model help in this scenario?
We used AdS/QCD models!
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» Open questions in Glueball Physics

One of the main difficulties in the observation of glueballs is related to their mixing with mesons!

For example:
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Mixing?
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Q Open questions in Glueball Physics

One of the main difficulties in the observation of glueballs is related to their mixing with mesons!

For example:
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Meson Jo(500) Jo(980) fo(1370) |Jo(1500) fo(1710) |/0(2020) [fo(2100) Jfo(2200)
PDG 475 £ 75 990 £ 20 1350 £ 1501504 £ 6 1723 £ 6 [1992 £ 16 2101 £ 7 2189 + 13

Mixing?

We use AdS/QCD models to study the MIXING problems and “prediict” the kinematic condlitions where

pure glueball states could be observed.
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Q Introduction to AdS/QCD

From Maldacena conjecture: AdS/CFT

N=4 SU(N) SYM < —> String theory on AdSs X Ss

Isometries
between group

|—| symmetries

|

5

<Qo

iy

\
R4 R= radius of the manifold

R

2 N A RET AL
EYM N—oo |4 L= length
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Q Introduction to AdS/QCD

From Maldacena conjecture: AdS/CFT

(

No supersymmetry

:. Confinement
% Conformal symmetry

broken

% N is finite

(hls is not QCD'\

&

7
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z> Introduction to AdS/QCD

Top-down Approach:;
Find a gravitational theory dual to QCD

Advantages: duality is exact and well
understanding of the theory

Disadvantages: a dual of QCD with
fundamental flavors even

at large N has not been
found

LC2019

The dream is to understand QCD using

its dual gravity theory!

Bottom-up Approach:;
Starts from QCD and attempts to construct( Witten:

a five dimensional holographic dual

Advantages: some freedom in matching the
model to features of QCD

Disadvantages: some discrepancies with

Matteo Rinaldi

data could be found

e i
[/ i

— - i
I ‘ 5
0

(

< No supersymmetry

< Confinement

% Conformal symmetry
broken

< Nis finite

- J
o)

Supersymmetry could be
neglected by
compactifying one of the
spatial direction and
imposing antiperiodic
boundary conditions.

!

Gauge fields at low
energies

SUSY partners at

the compactification

scale
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Q Introduction to AdS/QCD

The dream is to understand QCD using
its dual gravity theory!

< No supersymmetry

% Confinement

% Conformal symmetry
broken

< Nis finite

Top-down Approach: BQttom-u.[;; Approach: % 4
Find a gravitational theory dual to QCD Starts from QCD and attempts to construct

a five dimensional holographic dual

Hard-wall model all model

Compattification of the 5° Soft cutoff of AdS space by
dimension by hand. AdS introducing a dilaton field.
geometry cut by two o~

branes: UV and IR.
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HADRON SPECTRUM:<

S.J. Brodsky et al, Phys. Rep. 584 (2015)
H.G. Dosh et al PRD 91, 045040 (2015),
085016 (2015)

see Brodsky's talk on Thursday
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Q Introduction to AdS/QCD: applications []

HADRON SPECTRUM:

S.J. Brodsky et al, Phys. Rep. 584 (2015)
H.G. Dosh et al PRD 91, 045040 (2015),
085016 (2015)

see Brodsky's talk on Thursday
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Q Introduction to AdS/QCD: applications []
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Q Glueballs in AdS/QCD: Hard-Wall model

R2
In this case we have the following AdS; x S;metric : ds? = gyndxMdx" + R%dQs = o (dz2 +\77de”“dxj) + R2dQs
Z
Holographic 5° Minkowski space \
dimension / : Radius of the AdS
Space
In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff:
1
0< 2 < Zmax =
Aqcp

WHAT ABROUT G! IFRAI | S?
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3> Glueballs in AdS/QCD: Hard-Wall model

]

2

R
In this case we have the following AdS. x S;metric : ds®> = gMNddexN + R%2dQs = T (dz2 + nuydx“dxy) + R2dQs
y

In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < 7,,,.x =

SCALR FIELD EQUATION:

i
AQcp

Equation of motion of the scalar glueball can be obtained:
A = conformal
| = /d5x VE [gMNangg2]{ dimension
A =2+ /4+ M2ZR2

1) scalar glueball state 0 is represented by:o,_, — Tr(F*F,,)
2) For example for even spin J: O5_,,; = FD{,1..D,jF

Mass in AdS space

The equation of motion for the scalar is:

d2¢(2) 3d¢(z) 2 0
where: dz2  z dz o=

G(x,2) ~ gp(z)e Fw", P2 = —M

H. Boschi-Filho et al, JHEP 05, 009 (2003)
H. Boschi-Filho et al, PRD 73, 047901 (2006)
P. Colangelogt-al, PLB 652, 73 (2007)

Matteo Rinaldi
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3> Glueballs in AdS/QCD: Hard-Wall model

i

2

R
In this case we have the following AdS. x S;metric : ds®> = gMNddexN + R%2dQs = AT (dz2 + nuydx“dx”) + R%dQ)s
y

In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < z,,.«

SCALR FIELD EQUATION:

i
AQcp

Equation of motion of the scalar glueball can be obtained:

N\ =
i /d5x \/E [g”"\'amga.\.g « M§Q2] conformal
AT 2

dimension
Mass in AdS space =2+4+4/4+ MZ2R?
1) scalar glueball state 0 is represented by:o,_, — Tr(F*F,,)
2) For example for even spin J: Op_,,; = FD{,,;..D,F

The equation of motion for the scalar is:

d*¢(z) 3d¢(z)
where: (P e Al
G(x,2) ~ gb(z)e‘ipﬂxu, P? = —M?

H. Boschi-Filho et al, JHEP 05, 009 (2003)
H. Boschi-Filho et al, PRD 73, 047901 (2006)
P. Colangelogt-al, PLB 652, 73 (2007)

+ M?¢p(z) =0

{hy = gy T(z)e ™™

Matteo Rinaldi

Equation of motion for metric perturbation hyy obtained from the

linearized Einstein's equation :
R.C. Brower et al, Nucl. Phys. B 587, 249 (2000)
e i

9 C ,C
{5 §hab;c §hC;ab 2 Ehac;b i

By choosing the gauge:
hie = (2_2 3 Z2)¢(Z>e_MX3

T
Ehi)c;a

+ 4h,, =0

Scalar component

Tensor component

“Tensor” wave-function

Same equation of motion for the scalar field for the scalar
component of the graviton.
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Q Glueballs in AdS/QCD: Hard-Wall model B

R2
In this case we have the following AdS; x S;metric : ds? = gyndxMdx" + R%dQs = Ty (dz2 + nuydx“‘dx”) + R%dQs
Z
1
In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < z,,,., = A
QED
0++ GLUEBALL SPECTRUM 2+ GLUEBALL SPECTRUM
M.Rinaldi and V. Vento EPJA 54 (2018) M.Rinaldi and V. Vento EPJA 54 (2018)
soncf Dirichlet conditions | | 5000 Dirichlet conditions
» Neumann conditions f f Neumann conditions
4000 } h 4000 -
> >
< 3000 ] = 0
= =
2000 - - 2000
1000} - 1000 -
-1 0 1 2 i‘." 4 5 -1 0 1 é
k m Mode number
NP4
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Q Glueballs in AdS/QCD: Hard-Wall model

R2
In this case we have the following AdS; x S;metric : ds? = gyndxMdx" + R%dQs = Ty (dz2 + nﬂydx“‘dx”) + R%dQs
Z
1

AQcp

In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < 7,,,.x =

SCALR FIELD EQUATION: GRAYITON SPECTRUM:

Within this model the spectrum of the scalar field is the same of that of the scalar component
of the graviton!

What about the tensor component?

k 1 2 a 4 5
D scalar 5.136 8.417 11.620 14.796 17.960 ...
N scalar 3.832 7.016 10.173 13.324 16.471 ... Almost degeneracy!
k 1 2 3 4 5 .. R St
D tensor 7.988 11.065 14.373 17.616 20.827 ... in the tensor sector!
N tensor 5.981 9.537 12.854 16.096 19.304 ...
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QGluebaus in AdS/QCD: Hard-Wall model

R2
In this case we have the following AdS; x S;metric : ds? = gyndxMdx" + R%dQs = Ty (dz2 + nuydx“’dx”) + R%dQs
Z
1
In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < z,,,., = A
QED
O+ &  2** GLUEBALL SPECTRA M.Rinaldi and V. Vento EPJA 54 (2018)

MP: C.J. Morningstar et al, PRD 60, 034509 (1999) YC:Y. Chen et al, PRD 73, 014516 (2006) LTW: B. Lucini et al, JHEP 06, 012 (2004)

LATTICE DATA:
0+ T 0*t R 1l 1

MP 1730 +£94 2400 + 122 2670 + 222
YC 1719 +94 2390 + 124
LTW 1475 £ 72 2150 4+ 104 2755 £ 124 2880 £+ 164 3370 + 180 3990 + 277

These two states are almost degenerate
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3> Glueballs in AdS/QCD: Hard-Wall model

]

R2
In this case we have the following AdS. x S;metric : ds®> = gMNddexN + R%2dQs = Ty (dz2 + nu,,dx“’dx’/) + R2dQs
y4
1
In the hard-wall (HW) model confinement is implemented by imposing the following IR cutoff: 0 < z < z,,,., = A
QCD
O+ @ 2" GLUEBALL SPECTRA M.Rinaldi and V. Vento EPJA 54 (2018)
5000 - Dirichlet conditions Good agreement!
- Neumann conditions
E - _ However the HW model does not reproduce the
= g/ e meson spectrum.
: 2 2
1000 - ' Mn ~ N
ﬂ,, : 1 ; ; 5 In order to have a unified view we
k need another model, i.e.: the Soft-wall model!
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3> Glueballs in AdS/QCD: The Soft-Wall

karch et al, PRD 74, 015005 (2006)
R2
In the original model we have: gMNddexN =7 (dz2 + nuydx“dx’/)

but a soft cutoff to space-time is obtained by adding a dilaton field in the action:
T = j d°x \//é . \

Successful in describing the Regge behavior of the spectrum: I\/Iﬁ J~n4 ], ]>0

Y]

WHAT AROIIT GIIIFRAI ) €?
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oo H
: . : 2 M yUN 2 R% .5 v 2
In this case we have the following AdS; x S;metric: ds® = gyndx " dx" + R“dQ2s = —z(dz + n,,dxHdx ) + R°dQ25
Z
2

3> Glueballs in AdS/QCD: Soft-Wall model

We consider the profile function: gp(z) = KRZ
SCALR FIELD EQUATION: iSCALAR GLUEBALL SPECTRUM:

Equation of motion of the scalar glueball can be obtained:

== /d5x g e ¥ [gMNaMgaNg S Mggﬂ /A = conformal

dimension

Dilaton field A =2+ 4/4+ MZR?

1) scalar glueball state 0+ is represented by:Oa—s = Tr(F*’F )
2) For example for even spin J: Oa=sy; = FDy,1..D i F

The equation of motion for the scalar is:

—V(z) + {22 — ik + 2| V(z) = M?V(z)

472
where: 3/2
. A 22
g(x, Z) e eIPMx“ (ﬁ) eh'Z /2\U<Z), P2 Lt _M2
Eduardo Folco Capossoli et al, PLB 753 (2019) 419-423
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3> Glueballs in AdS/QCD: Soft-Wall model

In this case we have the following AdS; x S, metric: ds® = gM

We consider the profile function: gp(z) — /iZ2

SCALR FIELD EQUATION:

]

R2
ndxMdx" + R?dQs = = (dz® + nudxtdx”) + R*dQs

~ SCALAR GLUEBALL SPECTRUM:

Equation of motion of the scalar glueball can be obtained:

== /d5x g e ¥ [gMNaMgaNg S Mggﬂ /A = conformal

dimension

A =2+ 4/4+ MZR?

1) scalar glueball state 0+ is represented by:Oa—s = Tr(F*’F )
2) For example for even spin J: Oa=sy; = FDy,1..D i F

Dilaton field

The equation of motion for the scalar is:

1
W) 4+ {22 s 4—52 +2] W(z) = M2U(z)
Z
where: _ gt s
g(x, Z) s e'PMX“ (%) / el 2 /2\“(2)’ P2 18 _M2

Eduardo Folco Capossoli et al, PLB 753 (2019) 419-423

LC2019

Matteo Rinaldi

: =0, I.... “scalar
|\/|J:4k—|—4—|—2\/4—|—J(J+4)=4k+8 k=1,2.... tensor
5000 : : : ? : 5
52+
@ = O'H' {
S }
% 3000 |
=
2000
1000_1 (‘) 1 2 é 4 5
K
42 /62



oo H
: . : 2 M yUN 2 R% .5 v 2
In this case we have the following AdS; x S;metric: ds® = gyndx " dx" + R“dQ2s = —2(dz + n,,dxHdx ) + R°dQ25
Z
2

3> Glueballs in AdS/QCD: Soft-Wall model

We consider the profile function: gp(z) = KRZ
SCALR FIELD EQUATION: 7SCALAR GLUEBALL SPECTRUM:

Equation of motion of the scalar glueball can be obtained:

== /d5x g e ¥ [gMNaMgaNg S Mggﬂ /A = conformal

dimension

Dilaton field A =2+ 4/4+ MZR?

1) scalar glueball state 0+ is represented by:Oa—s = Tr(F*’F )
2) For example for even spin J: Oa=sy; = FDy,1..D i F

The equation of motion for the scalar is:

—V(z) + {22 — ik + 2| V(z) = M?V(z)

472
where: 3/2
. A 22
g(x’ Z) e eIPMx“ (ﬁ) eh'Z /2\U<Z), P2 Lt _M2
Eduardo Folco Capossoli et al, PLB 753 (2019) 419-423
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3> Glueballs in AdS/QCD: The ]

In M.Rinaldi and V. Vento EPJA 54 (2018) we propose to use a soft-wall graviton (GSW) model.
In this case a dilatonic cutoff is incorporated in the metric:

R2
gmndxMdxN = = (dz*® + 7,,,dx*dx”) IR deformation QCD scale

However, a dilatonic contribution in the action can still be kept:

~

7 = /d5x i re=Res
In order to preserve the good description of the hadronic spectrum we require:

/d5x —g e 90(X)£_~ /d5x Ve =P

Modified Soft-Wall model in e.g.: kinetic term

E. F. Capossoli et al, PLB 753, 419-423 (2006) 3y |

0. Andreev arXiv: 1902.10458 — 4+ 0 =1
E. F. Capossoli et al, arXiv: 1903.06269 2

W. de Paula et al, PRD 79, 075019 (2009)

LC2019 Matteo Rinaldi 44 /62



3»> Glueballs in AdS/QCD: The ]

In M.Rinaldi and V. Vento EPJA 54 (2018) we propose to use a soft-wall graviton (GSW) model.
In this case a dilatonic cutoff is incorporated in the metric:

R2
gMNddexN i — (dz2 -+ nuydx"dx”)

However, a dilatonic contribution in the action can still be kept:
7 = /d5x AR
In order to preserve the good description of the hadronic spectrum we require:

/d5x vV —g e SO(X)LN /d5x Ve =P

kinetic term

3cv

WHAT AROIIT I 1IERAI 1 &2 — 4+ =1

2
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3> Glueballs in AdS/QCD: The

R2

= (dz + 1 dxFdx” )

In this case we have the following AdS s metric : gundxMdxN =

2

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider vk~ as the only one parameter!

1~ 1 ~ 1~ 1~
EoM for metric perturbation is obtained from the Einstein's equation: — _hab e ; hE R 5 haC M 5 h et Lk 4hab —0
By choosing the gauge:
hee = (272 — 22) p(2)e M= Scalar component
ﬁij = q;jT(z)e_MX3 Tensor component

“Tensor” wave-function
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3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = = (dz2 + nuydx"dx”)

2

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider vk~ as the only one parameter!

ac;b 2 bc;a

IRAY L TUIN IEOM el Ca RUIN _2 2 —Mx

=~ 1 ~ ]_ ~, ]_ ot o h e 17 H I ¢ z)e 3

Nobie = 5NGab + Shacs + 5Mhes + 4hab = 0 {ft ( )9(2)
hy = qyT(z)e” ™

with:
[ t = iaz/v/2
| N2 M2
< ) Y
2t
Ve(t) = & — L0 1 14— 15¢2
\ G( ) fa 4t2 55 2

LC2019 Matteo Rinaldi

47 /62



3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = = (dz2 + nuydx"dx”)

2

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider vk~ as the only one parameter!

~

L5 e, it o e = (272 = 22) o (z)e ™™

1~
o Ehécb;c X Ehi;ab b §h;C<:;b S Ehiacc;a + 4hsp =0 2 M
’ hij =q;T(z)e” 7
W (1) + Ve ()W (t) = /\2\I1(t) 1) The scalar and tensor components have the same EoM
with:
i — 1az/\/§
2 _ M2
e
Vg(t) = et—2 - j—t72 LR I
W"‘" - - —
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3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = = (dz2 + nuydx"dx”)

2

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider vk~ as the only one parameter!

~

o el Ty Al Z he = (277 = 2°) p(z)e™°
o Ehécb;c X Ehg;ab b §h;C<:;b S Ehiacc;a + 4hsp =0 i e
¥ Bt
W (1) + Ve ()W (t) = /\2\I1(t) 1) The scalar and tensor components have the same EoM
with: 2) Bound states are found for a<0
t = iaz/v/2
2 _ M2
R
Vig(t) = et—2 - j—t72 L 7S
| =
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3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = = (dz2 -+ nuydx"dx”)

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider ak’ as the only one parameter!

= 1~ 1~.. Fas ~ hyy = (Z_2 T 22>¢(Z)G_MX3
h;\b;c - Ehc;ab b Eh;c;b S Ehi)c;a + 4hap =0

’ hij = a5 T(z)e M

W (1) + Ve ()W (t) = /\2\I1(t) 1) The scalar and tensor components have the same EoM
with: 2) Bound states are found for a<0
1 [ t = iaz/V/2 3) From the fitting procedure we found that:a < k < 3
‘ A2 _ M? |
) 0 M,
2t? S
Ve (t) = & ARSI

\ t2 3 4_t2 \/§
Guy F. de Teramond et al, PRL 120, 182001 (2018)
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» Glueballs in AdS/QCD: The Sofit-Walll [l [

2 R?
In this case we have the following AdS, metric : Emndx“dx" = iy (dZ + 1 dxFdx” )

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider Oéliz

GRAYITON EeM and SPECTRUM

as the only one parameter!

~ 1 1 ~
i S A e SRR fye h 4h, = ~
2 ab;c 2 c;ab 2 ac;b S bc;a o b 0 ol

4000 -

M(MeV)

2000 -

1000 - s
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Q Glueballs in AdS/QCD: The Sofit-Walll [l [

(dz2 “+ nuydx“dx”)

In this case we have the following AdS; metric : gundxMdxN =

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider ak

GRAYITON EeM and SPECTRUM

s 1~ 1 ~. 1~
iR Ty o SR LS
2 ab;c 2 c;ab ot 2 ac;b+ 2

1C
bc;a

Also in this case we have a good

description of data, but now
(w.r.t. the HW model):

LC2019

—|—4Flab =)

5000

4000 -

3000 -

M(MeV)

2000 -

1000 -

as the only one parameter!

Matteo Rinaldi



3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = = (dz2 + nuydx"dx”)

2

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider vk~ as the only one parameter!

1~.. 1~ 4 1., 2
’ C ,C e gy
o §hab;c ¥t §hc;ab a0, Ehac;b ¥ §hbc;a + 4hap =0 5000:
4000 |
e = 3000
Also in this case we have a good = [
description of data, but now ~ 200!
(w.r.t. the HW model): A [ By
‘we have a complete description 7 ;_,,f = Standard SW
of the meson and glueball [ Graviton SW
w 0 :I 1 | | | | | | | ! | 1 | 1 | | | 1 | 1 |
0 2 4 6 8 10
—— k

LC2019 Matteo Rinaldi 53 /62



The mixing problem
in AdS/QCD

4




QThe mixing problem in AdS/QCD

Glueball and meson states could mix!

¥ S grt i | i
MP |1730 £ 94] 2400 £ 122 2670 £ 222| Sdes
YC |1719 + 94| 2390 + 124

LTW|1475 £ 72|2150 £+ 104 2755 £ 124

Meson [o(500) Jo(980)  fo(1370) |Jo(1500) fo(1710) |/0(2020) [fo(2100) Jo(2200)
PDG 475 £ 75 990 £ 20 1350 £ 1650|1504 £ 6 1723 £ 6 [1992 + 16 2101 £ 7 2189 * 13
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4> The mixing problem in AdS/QCD

JE" ot 2T 07T
MP §1730 £ 9442400 = 122 2670 £ 229
YC J1710 £ 0482390 + 124

CTWI475 £ 7202150 £ 104 2755 £ 124

Meson Jo(500)  fo(980)  fo(1370) Wfo(1500) Jo(1710) §/0(2020) fo(2100) fo(2200)

PDG 475 £ 75 990 + 20 1350 + 15081504 +£6 1723 +6 992 £+ 16 2101 £ 7 2189+ 13
In terms of modes numbers: GETE 02 150 LT

SDGU T T T T T T T T T T T

Glueball masses for: k = 0,1, 2...
are similar to
meson masses for: k =4,7,10...

1000 |

LC2019 Matteo Rinaldi 56 /62



QThe mixing problem in AdS/QCD

T
]

ot

o 07r

MP

1730 £ 94

2400 £ 122 2670 & 229 )

YC

1719 £ 94

2390 + 124

LTW

1475 £ 72

2150 £ 104 2755 £ 124

.t

Meson Jo(500) fo(980]  fo(1370) R/o(1500) Jo(1710) §/0(2020) Jo(2100) Jo(2200)

PDG 475+ 75 990 £ 20 1350 & 15001504 +£6 1723 =6 #1992 + 16 2101 +£7 21890+ 13
In terms of modes numbers: GETE 02 150 T

SDUU T T T T T T T T T T T

4000 i
>

3000 -
(D) ks,
E ) are similar to
~— 2000 ] meson masses for:

1000 |

Glueball masses for: k = 0,1, 2...

G R b

K Since the soft-wall model reproduces both
the glueball and meson spectra, we can use

it to study the mixing condition!
M.Rinaldi and V.Vento arXiv:1803.05738
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4>The mixing problem in AdS/QCD

We consider the Light-Front formulation of the EoM in therms of the Hamiltonian. Within this framework
the latter would be defined by the AdS/QCD model.
M.Rinaldi and V.Vento arXiv:1803.05738

Hic|Wy) = M?|W,)

We consider its representation in a 2-D meson-glueball subspace: { \\Ilm>, \lllg> }

mg = (WE[H|VE) M, = (VT H[WT)
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4>The mixing problem in AdS/QCD

We consider the Light-Front formulation of the EoM in therms of the Hamiltonian. Within this framework
the latter would be defined by the AdS/QCD model.
M.Rinaldi and V.Vento arXiv:1803.05738

Hic|Wy) = M?|W,)

We consider its representation in a 2-D meson-glueball subspace: { \\Ilm>, \lllg> }

mg = (WE[H|VE) M, = (VT H[WT)

a = (UM|H|VE) oc (WTWE) OVERLAP

AMIivimna naramatrar!
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4> The mixing problem in AdS/QCD

We define the probability for NO MIXING as: Prg=1-— |<\|jg|\|jm>|2
M.Rinaldi and V.Vento arXiv:1803.05738

...... SEREESAEE 10
Ng = i 0.9
——————— ng =1
............ ng = - (ED 0.8
o ——— n oy
e
ng = -
02| ] 06}
STANDARD SOFT-WALL _
00 1 1 L 1 1 1 1 i 1 1 1 1 i 1 1 1 i i i L 1 0-5-1 L L I L 1 1 L L 1 1 L 1 i 1 1 i i [ i l-
0 5 10 15 20 0 5 10 15 20
N N

Meson mode number

For heavy glueballs (e.g. n,=2,3...) which would have similar mass of meson (e.g. n,,=10,13...) the probability
of mixing is small!l
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QThe mixing problem in AdS/QCD

We define the probability for NO MIXING as:

M.Rinaldi and V.Vento arXiv:1803.05738

0.2F

00 lllllllllllllllllllll

LC2019

Meson mode number

Within the Soft-Wall AdS/QCD models (standard and with graviton) pure glueballs
in the scalar sector exist in the mass range above 2 GeV!

Pmg = 1 — [(WE[W™)[?

Matteo Rinaldi
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CONCLUSIONS

WE CONSIDER THE
GLUEBALL SPECTRUM

WE STUDIED THE GLUEBALL
SPECTRUM WITHIN DIFFERENT AdS/QCD MODELS

WE ADOPTED THE GRAVITON
SOFT-WALL MODEL WHICH DESCRIBES
BOTH THE MESON AND GLUEBALL SPECTRA

WE FACED THE
GLUEBALL-MESON
MIXING PROBLEM

WE FOUND THAT PURE SCALAR
GLUEBALLS COULD BE FOUND
ABOVE 2 GeV
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3> Glueballs in AdS/QCD: The

X R?
In this case we have the following AdS; metric : Euvndx“dx" = T = (dz2 + nuydx"dx”)

In M.Rinaldi and V. Vento EPJA 54 (2018) we consider avk?
SCALR FIELD EQUATION: 7SCALAR GLUEBALL SPECTRUM:

Equation of motion of the scalar glueball can be obtained: AT ek [4n i 2\/@ " aM2R2]<Z‘< =0,1.... scalar
il 5 —p(z) | LMN —ap(z)pn 12 Q2 ) : i k=1,2.... tensor
{ == lehed2 ey g OMSONS + e M:S

5000

Dilaton field 3
4000}
1) scalar glueball state 0+ is represented by:Oa_s = Tr(F*'F,.) i
2) For example for even spin J: Oa—s4j = FDy,1..Dn F 3000/

The equation of motion for the scalar is (for small a):

2
" (2) + [m2z2 i 41752 + 2k + M2 (5—2> = '\/'%Rzouf] Y(2) = M*y(2)

M [MeV]

2000}

1000 f=~"
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