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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 sew=itis MIXING

2) Their characterization is not clear
3) Lattice calculations of decay are difficult! Models could help!
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Ehiere aresseverdl catculations and lattice data:
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SFORE INFERODUCTION T COGEUEBALL S

Moreover, different lattice collaborations predict di

Ji T 7 5 S8 0 T
MP § 1730+ 94 [2400 + 1222670 + 222

YC § 1719+94 390+ 124

LTW § 1475+ 72 [R150 + 1042755 + 1242880 £ 164(3370 + 180(3990 + 277

SDTK1865 + 2510 §

Could models help in claritying the situation?
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MP: C.J. Morningstar et al, PRD 60, 034509 (1999)
YC:. Y. Chenetal PRD 73, 014516 (2006)

LTW: B. Lucini et al, JHEP 06, 012 (2004)

SDTK: E. Klempt et al PLB 816, 136227 (2021)

tferent masses, in particular for the ground state:
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|Is there a mixing between glueballs and meson states? Also in

this case models could help to understand in which conditions

Imixing occurs or not. |
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Starting from the Maldacena’s conjecture:

N=4 SU(N) SYM String theory on AdS: x Sc

We can study the QFT problem in the
non-perturbative regime in the gravity sector!
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Qualitatively agreement with data of hadron spectroscopy and hadron parton distributions:
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Cal WEBAL LS IN SORI-WALL ADSIOC )

karch et al, PRD 74, 015005 (2006)

The gravitational theory is based on Anti-De Sitter space in (4+1) dimensions:

The confinement can be implemented by adding a Dilaton in the action:

1< [d4xd21 [—ge?DF olzh =Ky

From the Eulero-Lagrngian equation for scalars, vectors... we get the mode functions and the spectrum

Successtul in describing the Regge behavior of the spectrum: |\/|2,J ~in >0

n

WHAT AROUT GIUFRAIIS?
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karch et al, PRD 74, 015005 (2006)

The gravitational theory is based on Anti-De Sitter space in (4+1) dimensions:

R2
M N 2 2_2
gmnadx T dxT = 2_2 (dZ = nMVdXMdXV) p(z) = kz 5° dimensional mass # the physical one
We have the field equations (we start with the scalar case): 1= /d5x e’ [gMNaMgaNg - Mﬁgz}
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karch et al, PRD 74, 015005 (2006)

The gravitational theory is based on Anti-De Sitter space in (4+1) dimensions:
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Gl WEBAL LY IN GRAVE ON SOFI-VWWALL ALDS/OCEH

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104 = M N
M. R. and V. Vento JPG 47 (2020), 12, 125003 gmndx dx
M. R. and V. Vento, PRD 104 (2021) 3,034016

M. R. and V. Vento, EPJC 82 (2022), 7, 626

M. R. et al, EPJC 82 (2022) 7, 627

We keep the dilaton in the action: T =

d°x

e (dz2 0 mwdx“dxy) 7] — keze

—§ e "M £ apparently we have two parameters

But we fix f to have the same kinetic term of the SW model.

Modified Soft-Wall model in e.g.:

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

O. Andreev, PRD 100 (2019) 2, 026013

E. F. Capossoli et al, Chin. Phys. C 44 (2020) 6, 064194
W. de Paula et al, PRD 79, 075019 (2009)

S. Afonin et al, JPG, 49 (2022) 10, 105003
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Gl WEBAL LY IN GRAVE ON SOFI-VWWALL ALDS/OCEH

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018) 2
M. R. and V. Vento JPG 47 (2020), 5, 055104 - M N _ _—ap(z) R
M. R. and V. Vento JPG 47 (2020), 12, 125003 gundx T dx” = e it
M. R. and V. Vento, PRD 104 (2021) 3,034016 Z
M
M

(dz2 0 nuydx“dxy) 7] — keze

. R. and V. Vento, EPJC 82 (2022), 7, 626
. R. et al, EPJC 82 (2022) 7, 627

We keep the dilaton in the action: 7 = | d°x /—g e ?¥™ £ apparently we have two parameters

But we fix f to have the same kinetic term of the SW model.

In our model we consider a graviton, propagating in this modified space, as dual for the glueball:

i)cc;a 25 4hab = (

W (1) + Ve(¥ () = AV

with:

Matteo Rinaldi Hadron 2023 7
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GLUEBALLS IN GRAVITON SOFI-WALL ADS/QCD

We propose to modify the metric to properly describe the glueball dynamics:
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We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104 = M N 2 L v 29
M. R. and V. Vento JPG 47 (2020), 12, 125003 gundx T dxT = D (dz s Uuudx dx ) wlz) =ksz
M. R. and V. Vento, PRD 104 (2021) 3,034016

M. R. and V. Vento, EPJC 82 (2022), 7, 626
M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNg SoNS e BM2S?
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MESONS IN GRAVITON SOFI-WALL ADS/QCD

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104
M. R. and V. Vento JPG 47 (2020), 12, 125003
M. R. and V. Vento, PRD 104 (2021) 3,034016
M. R. and V. Vento, EPJC 82 (2022), 7, 626

M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g eT¢@)—¢n(2

Matteo Rinaldi
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MESONS IN GRAVITON SOFI-WALL ADS/QCD

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

2
M. R. and V. Vento JPG 47 (2020), 5, 055104 =] P R
M. R. and V. Vento JPG 47 (2020), 12, 125003 gMNdXMdXI\I == 0 o) it (d22 = UuudXMdXV) 90(2) = k?Z?
M. R. and V. Vento, PRD 104 (2021) 3,034016 Z
M. R. and V. Vento, EPJC 82 (2022), 7, 626
M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNg SoNS e BM2S?

Additional dilaton
To avoid that the potential does not bind
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We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

2
M. R. and V. Vento JPG 47 (2020), 5, 055104 =] Y R
M. R. and V. Vento JPG 47 (2020), 12, 125003 gMNdXMdXI\I == 0 o) it (d22 = UuudXMdXV) QO(Z) = k?Z?
M. R. and V. Vento, PRD 104 (2021) 3,034016 Z
M. R. and V. Vento, EPJC 82 (2022), 7, 626
M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNg SoNS e BM2S?

Additional dilaton
To avoid that the potential does not bind

10,
ol
90;1,(2) Sy 3 2 90:1(2)2 , Mng ak?z? Sl gy i 85 "
e |¢n(2)(£+kz)l A s {e —1—akz—§akz}—0 ) ik
[ 9. Aciiz .
The additional dilaton guaranties that the potential is binding E 4: . ~“(_X\il,i?‘ """
No free parameters! Ly 2 L,K-'-"'i """"""
We only needs that the above differential equation has a solution. o
-2- eak222
_4)
0 2 4 6 8 10
&
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MESONS IN GRAVITON SOFI-WALL ADS/QCD

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018) R2
M. R. and V. Vento JPG 47 (2020), 5, 055104 - M N —ap(z) 2 [T DN
M. R. and V. Vento JPG 47 (2020), 12, 125003 gmndxdxT = e R (dz + N dx”dx ) oz ik 7
M. R. and V. Vento, PRD 104 (2021) 3,034016 Z

M. R. and V. Vento, EPJC 82 (2022), 7, 626

M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNg SoNS e BM2S?

Additional dilaton
To avoid that the potential does not bind

4 , 3 Sz NZRe 1
: _gpnz(z) | o, (Z) (Z o kZZ) | SOnEI-Z) | Z52 |:eozk2z2 e Ckk222 % §a2k4z4] =0 Of_ L
o . . Sl -20
The additional dilaton guaranties that the potential is binding e
No free parameters! = -40-
We only needs that the above differential equation has a solution. Bo
-80
0 2 R 8 10

U
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PIESCOINS N GRAVEFON SOF IEWALL ALS/OCEH

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104 = M N 2 L v 29
M. R. and V. Vento JPG 47 (2020), 12, 125003 gundx T dxT = D (dz s Uuudx dx ) wlz) =ksz
M. R. and V. Vento, PRD 104 (2021) 3,034016

M. R. and V. Vento, EPJC 82 (2022), 7, 626
M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNG SoNS e BM2S?

M.R. and V. Vento, PRD 104 (2021) 3, 034016
M.R. and V. Vento, JPG 47 (2020), 12, 125003

140N

Nice results for ak?=0.372 Gev2 and 0.51 < a < 0.59
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PIESCOINS N GRAVEFON SOF IEWALL ALS/OCEH

We propose to modify the metric to properly describe the glueball dynamics:

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104 = M N 2 ) 7, DD
M. R. and V. Vento JPG 47 (2020), 12, 125003 gundx T dxT = R (dZ i nuudx dx ) QO(Z) — K7z
M. R. and V. Vento, PRD 104 (2021) 3,034016

M. R. and V. Vento, EPJC 82 (2022), 7, 626
M. R. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= /d5x g e #@-@n(@ | MNG SoNS e BM2S?

M.R. and V. Vento, PRD 104 (2021) 3, 034016
M.R. and V. Vento, JPG 47 (2020), 12, 125003

Nice results for ak?=0.372 Gev2 and 0.51 < a < 0.59

Cic ~2m
Heaw mesons: Ma S M L O e 0olh
: qq fo qq

~Y 2 mC
R S. S. Afonin et al, Phys. Lett. B726, 283 (2013)

e oo~ 0.59 A. Vega et al, Phys. Rev. D82, 074022 (2010)

Y. Kim, J.-P. Lee et al, Phys. Rev. D75, 114008 (2007)
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MESONS IN GRAVITON SOFI-WALL ADS/QCD

We propose to modify the metric to properly describe the glueball dynamics:

This the action for the scalar field: 1= /d5x g eT¢@)—¢n(2

M. R. and V. Vento EPJA 54 (2018)

M. R. and V. Vento JPG 47 (2020), 5, 055104
M. R. and V. Vento JPG 47 (2020), 12, 125003
M. R. and V. Vento, PRD 104 (2021) 3,034016
M. R. and V. Vento, EPJC 82 (2022), 7, 626

M. R. et al, EPJC 82 (2022) 7, 627

M.R. and V. Vento, PRD 104 (2021) 3, 034016
M.R. and V. Vento, JPG 47 (2020), 1?

S
A
&
-

SW

Meson

Glueball

Matteo Rinaldi

gMNdXMdXN

1, 0~ 0.51
—=->(Y NV 059

e e (dz2 - nlwdx““dx”)

R2
2 7] — keze

gMNOSNS +ePDMZS?

Nice results for ak?=0.372 Gev2 and 0.51 < a < 0.59

Heavy mesons: Mg ~ Mg, + Cqs R
Ccc':

~J 2 m C
S. S. Afonin et al, Phys. Lett. B726, 283 (2013)

A. Vega et al, Phys. Rev. D82, 074022 (2010)

Y. Kim, J.-P. Lee et al, Phys. Rev. D75, 114008 (2007)
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MIXING IN GRAVITON SOFI-WALL ADS/QCD

5000

4000 [

1000 |

Mixing (?) for
very different mode numbers
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MIXING IN GRAVITON SOFI-WALL ADS/QCD

sded Tkl el e B s B D o e We define the probability for NO MIXING as: P, =1 — [(WE|[W™)|°
| M.R. and V. Vento J. P. G 47 (2020), 5, 055104
4000 : 2 M.R. and V. Vento J. P. G 47 (2020), 12, 125003
e %
> 4 10_ _________ PR
o : _ : 2 lines for:
E : 0.9} :
~— 2000 . _ a = 0.51
> | 0.8} Rp =i L BT o = 0.59
1000 | 3 ; 07: : (here the parameter of the model)
e el o ;
AR R R S R S RS 06} ;
k Ny =3

05k .

Mixing (?) for
very different mode numbers ) o rcenese

Mixing for similar mode numbers
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MIXING IN GRAVITON SOFI-WALL ADS/QCD

Matteo Rinaldi

5000 . . We define the probability for NO MIXING as: P, =1 — [(WE|[W™)|°
: M.R. and V. Vento J. P. G 47 (2020), 5, 055104
4000 ; 2 M.R. and V. Vento J. P. G 47 (2020), 12, 125003
) : e
4 1. [ ="3 ‘*-’i‘ft_: MT--'--"'F' T T T T T T T 54
[(b) R 5 E 'f._*i, :"' 1 i 2 lines for:
: O9ER i st s :
\E_/ 2000 : 3 &Y ,"'.:' a = 0.51
= 0.8F :‘" ;{,’ i —d0 ] a = 0.59
: - B8y -
1000 g ; 07: B : (here the parameter of the model)
A (N FRe 5
| Q~ : 1‘]:‘!’ [ Ay e -
0 | | | & I 1“. g 1
BLg D o6 f '?I -
N/ S ]
i :_]||| Ng =3 i :
Mixing (?) for
9 $ 250 2 4 6 8 10
very different mode numbers ) v s

Mixing for similar mode numbers

Within the GSW AdS/QCD models (standard and with graviton) pure glueballs
in the scalar sector exist in the mass range above 2 GeV!
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PabiEDO-5CALARS INGRAVIHCOIN SOREWALL ALSOCTH

We propose to modify the metric to properly describe the glueball dynamics:

. and V. Vento EPJA 54 (2018) R2

. and V. Vento JPG 47 (2020), 5, 055104 = M S L 2 92
. and V. Vento JPG 47 (2020), 12, 125003 gMN dx dX == it (dZ p 77/de gl ) QD(Z) = k“z

. and V. Vento, PRD 104 (2021) 3,034016 Z

. and V. Vento, EPJC 82 (2022), 7, 626

. et al, EPJC 82 (2022) 7, 627

This the action for the scalar field: 1= [ d°x /g eT#@—"&al@ | Mg, S5\ S 14€2PBM2S?

M.R. and V. Vento, PRD 104 (2021) 3, 034016 =
M.R. and V. Vento, JPG 47 (2020), 12, 125003

SSsS===
AN ANANAD

We do not change the parameters! M2=_4

M.R. and V. Vento, PRD 104 (2021) 3, 034016

2500 1 oy S S A .
: 2 : 1 n n(1295) [n(1405) - n(1475)| n(1760) | n(?7?77) | n(??777) | n(2225)
2000 | PDG  [547.862 £ 0.017(957.78 £ 0.06] 1295+4 | 1408.8+2.0 |1751+15 2291 + 12
— : _ 1475 4 4
1500 | .| This wor 013 £ 92 94 23 3 163 £ 15 663 £ 168 [ 184 83 (2005 £ 1€ ) =+ 2
% ! Tl k 013 + 92 943 £ 111 (1231 £+ 133 1463 £ 151 1663 + 1681842 + 1831|2005 £ 1982155 4 210
\2-« 1000 Y
ey The GSW model
| predicts this 2
3

hew states
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VEC TORS N GRAVITON SORWALL ARDSIOCE)

We propose to modify the metric to properly describe the glueball dynamics:

. and V. Vento EPJA 54 (2018)
. and V. Vento JPG 47 (2020), 5, 055104 M S 2 LV 2 92
. and V. Vento JPG 47 (2020), 12, 125003 gMNdX dX == it (dZ p nu,/dx dx ) QO(Z) = k“z
. and V. Vento, PRD 104 (2021) 3,034016 Z
. and V. Vento, EPJC 82 (2022), 7, 626
. et al, EPJC 82 (2022) 7, 627

. . : = ]. 242 —].
This the action for the p field: Bt /de —pgre o | g e FunFRg

M.R. and V. Vento, PRD 104 (2021) 3, 034016 5 =
M.R. and V. Vento, JPG 47 (2020), 12, 125003

SSS===
AN ANANAD

We do not change the parameters! M

M.R. and V. Vento, PRD 104 (2021) 3, 034016

3000,
2500

: Good agreement
2000 |

1500 |

M(MeV)

1000

500
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VEC TORS N GRAVITON SORWALL ARDSIOCE)

We propose to modify the metric to properly describe the glueball dynamics:

. and V. Vento EPJA 54 (2018) R2

. and V. Vento JPG 47 (2020), 5, 055104 = M S L 2 92
. and V. Vento JPG 47 (2020), 12, 125003 gMN dx dX == it (dZ p 77/de gl ) QO(Z) = k“z

. and V. Vento, PRD 104 (2021) 3,034016 Z

. and V. Vento, EPJC 82 (2022), 7, 626

. et al, EPJC 82 (2022) 7, 627

SSsS===
AN ANANAD

. ; : : . 1 i -
This the action for the axial a; field: §= = /d5x\/—ge_k2z2_‘f)“ Se" g N FunFT + M2R2gPMAp Apyek >
M.R. and V. Vento, PRD 104 (2021) 3, 034016 L 4
M.R. and V. Vento, JPG 47 (2020), 12, 125003
We do not change the parameters! M2 = — 1
M.R. and V. Vento, PRD 104 (2021) 3, 034016
54 5.
4 4 GOOD AGREEMENT!

2 (  Here we guess the existence of an
| unknown lightest grand state...

L o

a1 (1260) | a1(1420) | a1(1640) | a1(1930) | a1(2095) | a1(2270)
PDG & Av  |1230 + 40| 1411135 1655 + 16| 1930170 | 20961315, | 227015,
This work 833 £53 |1235 + 72(1535 + 87[1785 + 100|2005 + 111{2202 + 122
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A-GSVY MOIDEL FOR BHE FPIKOIN

M.R., F. A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

In order to move from the eta spectrum to the pion one, the potential should modified:
o _ / By e—?o(=)=en(2) /=5 [ GMN 9, B(2)On B(x) — 42+ B (m)z]

The additional dilaton, responsible for the confinement can lead to:

1 4 1
Vae(2) = 4252 Ll o [1 + (B &R 27 + §(a2 e %)k‘lz‘l]

- Parameters used to describe: glueballs, light sclars, heavy scalars, eta, vectors.

Matteo Rinaldi Hadron 2023
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A-GSVY MOIDEL FOR BHE FPIKOIN

M.R., F. A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

In order to move from the eta spectrum to the pion one, the potential should modified:
o _ / By e—?o(=)=en(2) /=5 [ GMN 9, B(2)On B(x) — 42+ B (m)z]

The additional dilaton, responsible for the confinement can lead to:

15 4 1
Vae(2) = Tie s o [1 + (0@ )%°2° + §(a2 e %)k‘lz‘l]

- Parameters used to describe: glueballs, light sclars, heavy scalars, eta, vectors.

- Two shifts of the parameters to describe the pion (included in the additional dilaton)

Vil Vols = dle b 2 "

Matteo Rinaldi Hadron 2023
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A-GSVY MOIDEL FOR BHE FPIKOIN

M.R., F. A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

In order to move from the eta spectrum to the pion one, the potential should modified:

& / AP e #0702 /=5 | gMN 9, 0 (2) Oy B () — 47K+ @ ()]

The additional dilaton, responsible for the confinement can lead to:

15 4 1
Vae(2) = Tie s o [1 + (0@ )%°2° + §(a2 e %)k‘lz‘l]

- Parameters used to describe: glueballs, light sclars, heavy scalars, eta, vectors.

Two shifts of the parameters to describe the pion (included in the additional dilaton)

Vil Vols = dle b 2 "

If we impose chiral symmetry:

1 — 20+ +/1 — 202 — 2,
2

MT('(O) = “’ 577 &
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A-GSVY MOIDEL FOR BHE FPIKOIN

M.R., F. A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

In order then to include the quark masses, we follow an idea applied to the SW and other models.

- James P. Vary et al. “Heavy Quarkonium in a Holographic Basis”, Phys. Lett. B, 758:118-124, 2016
- M. Burkardt, “Mesons in a collinear QCD model”, Phys. Rev. D, 56:7105-7118, 1997

- James P. Vary et al. “Light-front holography with chiral symmetry breaking”, Phys. Lett. B, 825:136860, 2022
- Guy F. de Teramond and Stanley J. Brodsky. “Longitudinal dynamics and chiral symmetry breaking in holographic light-front QCD". PRD, 104(11):116009, 2021

Qualitatively one can understand it by looking at the “free” hadron mass (where no dynamics is included):

P,
k4 g

Mz = i ) | . Depends only on the longitudinal variable
el

The idea is therefore to generalize the equation of motion by including a "“longitudinal” dynamics

Matteo Rinaldi Hadron 2023
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A-GSVY MOIDEL FOR BHE FPIKOIN

M.R., F. A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

In order then to include the quark masses, we follow an idea applied to the SW and other models.

- James P. Vary et al. “Heavy Quarkonium in a Holographic Basis”, Phys. Lett. B, 758:118-124, 2016
- M. Burkardt, “Mesons in a collinear QCD model”, Phys. Rev. D, 56:7105-7118, 1997

- James P. Vary et al. “Light-front holography with chiral symmetry breaking”, Phys. Lett. B, 825:136860, 2022
- Guy F. de Teramond and Stanley J. Brodsky. “Longitudinal dynamics and chiral symmetry breaking in holographic light-front QCD". PRD, 104(11):116009, 2021

Qualitatively one can understand it by looking at the “free” hadron mass (where no dynamics is included):

2 2 2
k1 g el

Mz = 1 ) | . Depends only on the longitudinal variable
el

The idea is therefore to generalize the equation of motion by including a “longitudinal” dynamics

i Vel + T+ T V()| 8 m) = MG, 2 V@) = ~0?8, (1 - 2)8;] o —Z T

R

Used and proposed in:
J.P. Vary et al, PLB 758 (2016)
J.P. Vary et al, PLB 825 (2022)

- terms coming from the GSW model

- terms coming from the additional pure longitudinal dynamics:

- full w.t. (product of the GSW and the longitudinal ones) and mass
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AMODEL FOR FHE PICON

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all

detalls, see MR, E A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

GSWL1: m, =45 MeV Yo = —0.6

GSWL2: m, = 52 MeV Vo = —0.17

SPECTRUM
! 7(1300) m(1800)
PDG 134.9768 £+ 0.000 1300 £ 100 1819 4+ 10
SW [26] 0 1080 1527 1870
Ref. [8] 135 943 + 111 | 1231 £ 133 | 1463 £ 151 | 1663 £ 168 | 1842 4+ 183
GSWL1 140 1199 4+ 41 1800 4= 6
GSWL2 140 1019 4 27 1793 £+ 16
Ref. [22] 140 1520 2120

Matteo Rinaldi
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AMODIE]L POR | HEPION

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all
detalls, see MR, E A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626
GSWL1: m, =45 MeV Yo = —0.6

GSWL2: m, = 52 MeV Vo = —0.17

FORM FACTOR AND PION RADIUS

Ref. Ref. Ref. GSWLI GSWL2 [oxperiment
126 157 58] 155
(r2) [fm] | 0.524 | 0.673-0.684 | 0.644 | 0.67 £0.03 | 0.70 £ 0.05 | 0.67 £0.01
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AMODEL FOR FHE PICON

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all

detalls, see MR, F A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

GSWL1: m, =45 MeV  ~vx = —0.6

GSWL2: m, = 52 MeV Yo = —0.17

PECAY CONSTANT o 20/ / i /

dk 1

1673

¢2/h r,ki1)

Pion w.f.
(GSW x longitudinal dyn.)

Data

34]

GSWL1

GSWL2

f= [MeV]

91.92 -

- 3.04

126 -

- 6

Matteo Rinaldi
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AMODEL FOR FHE PICON

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all

detalls, see MR, E A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

GSWL1: m, = 45 MeV

GSWL2: m, = 52 MeV

THE PION TRANSITION FORM FACTOR

Matteo Rinaldi

Y = —0.6

A=

Q°Frey (Q7)[GeV]

0.30 F

0.25F

0.20
0.15
0.10
0.05 |

0.00 |

‘—.‘.
-
-

.
.
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- -—
- T —

" - —
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—
— - - S R R T
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- W —

10

15 20

Q* [GeV?]

25

Hadron 2023

30

35

(Y(P = @)|J*|n(P)) = i€’ Fyn(Q*)e"** Poepgo

GSWLT
GSWL2

53



AMODEL FOR FHE PICON

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all

detalls, see MR, F A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626

GSWL1: m, =45 MeV  ~, = —0.6
GSWL2: m, = 52 MeV e == = ()7
DISTRIBUTION AMPLITUDE i >=/0
1.5.—
; 1.0:-
S
= 05 {
o.oll llllllllllllllllllll
0.0 0.2 04 0.6 0.8 1.0

Matteo Rinaldi
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AMODEL FOR FHE PICON

We need modifications to implement chiral symmetry breaking. Possible but no time to discuss all
detalls, see MR, F A. Ceccopieri and V. Vento, EPJC 82 (2022) 7, 626
GSWL1: m, =45MeV 4 = —0.6

GSWL2: my, =52 MeV = —0.17

iz }
— t
- E . ! " % ® & —_ ‘é
DISTRIBUTION AMPLITU we also computed: e |
—— = 008 i
R el el S R e — -}
w 0.06- _(
- TFF with 2 virtual photons e :
15/ 5 :
SR T e
- Moments of DA SIPY) SRRt
0.51 0.52 0.53 0.54 0.55 0.56 0.57 0.58 0.59
S 1.0;
= - PDF |
S (more investigations are needed) T
- -Effective form factors: E _
0ol relevant quantities for Double Parton | 3
| oo Scattering (Comparison with lattice) 2 00 02 04 06 08 10 1 f
) T
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CONCLUSIONS

: e S s A Bl

‘| 20005- S
3 % 15005-
= :
= 3 \é 1000 f

1 5002-

0 L o

0 1 2 3 4 5 6
YWE G DERGJLE _ WE DEVELOPEPD THE GSW AdS/QCD MODEL
GLUEBALL & MESON a

SPECTRA

WE INCLUDED
CHIRAL-SYMMETRY
BREAKING: n

WE DESCRIBED QUITE WELL
GLUEBALL & MESON SPECTRA WITH
2 PARAMETERS

14 0010 - j
s 'I%Cnfuir; i “é:b:::::::::::::::::::::::::% WE FOUND THAT PURE SCALAR
e R GLUEBALLS COULD BE FOUND
FOR MASSES ABOVE 2 GeV
2 4|;n;u; : e S
Zl:lI:H:'W
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