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AdS/QCD correspondence: new approach to non-perturbative QCD

» compute QQ potential:

>
5
2
E
>

rectangular
Wilson loop

O.Andreev and V.I.Zakharoy,
PRD 74, 025023 (2006)

Previous determinations: interpolation (Cornell potential)
lattice techniques
NRQCD
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meson: e 3 x 3=
> Vog = Vads/qQep
diquark: e 3 SITE 1 6
bzt —V one gluon exchange
R QQ approximation
tetraquark:
3 o= RS
bGrYOn: |—> VQQ account for finite size

of constituents!

> use AdS/QCD inspired potential
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v description of the model
v fit of parameters from meson spectrum and predictions
v/ meson decay widths

v’ doubly heavy baryon masses
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L. Salpeter equation (y/if — V2 \Jmg V24 V() ) wiw) — Ml

g / N

hadron mass

constituents” masses hadron wave function
2. QQ Potential Ve Ve 1 VP
o(r) R R
lv ( s =/ Amemz L gar (ﬁ) G
AdS/QCD (AR E/ dv v? X1-v)/2 (1 sl s eA(l_“2))
0
po’ren’rial:{ 1 = different values at
R/(>\) = % % (—1 +/0 dvv™? [eMﬂ/Q (1 — v* eA(l_v2)) e 1 the ¢ and b scale
\
; A =
cutoff: Vir) = Y(rar)” AliteEary: — ST (if my =mag, A= 1)

regulate the singularity of the wave function

3. Multhopp method: inftegral equation —— set of linear equations

Z Bim ¢(0rx) = M ¢(60:,)

gb(@k):uo(—coté’k), Qk: (kZI,---N)
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M.V.Carlucci,F.G.,G.Nardulli,M.Pellicoro,
S.Stramaglia Eur.Phys.J.C 57, 569 (2008)

fit of the parameters and predictions:

Flavor | Leve =1
Bp_mass TR mass | Exp_mass

1.862 1.867 2 027 2.008
3.393 2.598 2.622
1.973 1.968 2111 2.112
2.524 2.670

2.958 3.064

2.990 2.980 3.125 3.007
3.591 3.637 3.655 3.686
3.994 4.047 4.039

5.108 5.279 5.288 5.325
5.757 5.819
sb 5.301 5.366 5.364 5.412
5.856 5.896
bc 1S Bc 6.310 6.338
25 . 6.879
: - -1

3S

15
2S5
3S
45

in good agreement with the subsequent measurement by BaBar!

M,, =9388.9153 £2.7 MeV PRL 101, 071801 (2008)
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F.G., PRD 78, 117501 (2008)

R/
;07/\" 29
Effective lagrangians: 5
Lok s = —ca(@7" @) (y.0)
Q4T e,
Co — M2
Widths:
o 920 P
F£+g— 3 47—‘-@ &emfv
3 M

Decay constants:

OV [V (k, N)) = (N Qiymy fv

Ng \ \ polarization
meson flavor matrix helicity vector
e (B +m;)(E; +m;)

k? E,E;
3(E; +m;)(E; + my)

N[

Lt

1 Y
= V33— dk k uo(k)N
% \FZWM/O uo( )
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Pantict | (Ke) ; o "
1] J.P.Lansberg and T.N.Pham, PRD 75, 017501 (2007
4252 | 7.46|7.18| 7.14+0.95 | 5.5 : '
| me | 4252 |746]718] 7142005 | 55 ST A A e
3.306 4.4440.48 [3] C.S.Kim et al., Phys. Lett. B 606, 323 (2005)
/7
1.992 -_- [4] D.Ebert et al., Mod. Phys. Lett. A 18, 601 (2003)

7 | oo Jozmsooo]  Jouo

Some experimental data:

[ =27.4+2.9 MeV
) ', ~4.9 KeV
../T=(1.84+06=0:5)10" i

Partial width (evaluation by from various determinations) =7.2 + 0.7 4 2.0 KeV

(not included in summary tables of pdg)

Tlc -

Particle Exp.

J /4 4.080  |5.554 0.14+0.02
2.375 2.38 + 0.04
0.836 0.8640.07
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interaction:

P

2-body problem: quark + diquark (3 x 3)

1 F.G., PRD 79, 094002 (2009)
V() = [ dR [a(R)PV(R ~x)

9 quenched
R — /dR ‘wd(R)‘ n.r. quark model quark model sum lattice
q-9-q d-q rules QCD

——A—— —— A ——

3.67913.676|3.612|3.620 | 3.48 | 4.26 | 3.562 | 3.549
3.876

g{cc}is 3.656 | 3.753 | 3.706 | 3.727 | 3.61 | 3.90 | 3.625 | 3.641
4.025

=cc 15 i q{cctis

s{cc}ls

3.815 | 3.702 | 3.778 3.681 | 3.663
3.876 | 3.783 | 3.872 3.737 | 3.734

s{cc}ls

experimental observation: =f — A K 7™ PRL 89, 112001 (2002)
(Selex Collaboration) =t  pDTK~ PL B 628, 18 (2005)
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M= . = 3518.9 0.9 MeV




g-d content|| Mass (GeV)

g{bb}1g 10.185
10.751
11.170
g{bb}1g 10.216
10.770
11.184
s{bb}{s 10.271
10.830
11.240
s{bb}{s 10.289
10.839
11.247

[1] A.Valcarce et al., Eur. Phys. J. A 37, 217 (2008) [6] J.R.Zhang et al., Phys. Rev. D 78, 094007 (2008)
[2] W.Roberts et al., Int. J. Mod. Phys. A 23, 2817 (2008) [7] N.Mathur et al., Phys. Rev. D 66, 014502 (2002)
[3] C.Albertus et al., Eur. Phys. J. A 32, 183 (2007) [8] J.M.Flynn et al., JHEP 0307, 066 (2003)

[4] D.Ebert et al., Phys. Rev. D 66, 014008 (2002) [9] R.Lewis et al., Phys. Rev. D 79, 014502 (2009)
[5] V.V.Kiselev et al., Phys. Usp. 45, 455 (2002)
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Additional energetic level: baryon = quark + 2S diquark

For doubly heavy baryons it is lower than 25-baryons

Baryon JP Quark-diquark content Mass (GeV 2 4 5

 Bayon | JP | Quarkdiquarkcontent | Mass(GeV) | o] | 1 | 8]
I I S P T Y I
I I S S P BT R Y AT

i
T [T [ etshhs | wows | ose | wom | wan
T I Y S T T T
B I A T S T N T
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Comparison with HQET

Doubly heavy baryons —> 1/miqq; expansion:

(analogous to the 1/mq expansion for heavy baryons)

)\1 )\2
M{@qye = Miqqy + A - Agdn dr = S(qQq} * S
; 2m(QQ) 2m Q) s
: S e 3o
Inferred relations: —QQ T =QQ T AQ4
NG "L0@%
JP:3/2—|— JP:1/2-|—
Zpp — See _ Avyee Spb — Zup _ Ab
Ezc i Ecc Acm{bb} Ezg = Egc AC

Mass splitting hierarchy:
(:* 5 ECC) > (ch vy QCC) > (EZb &3 Ebb) > ( Zb S be)

Sl 1~
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AdS/QCD correspondence: new tool for exploring the
non-perturbative regime of QCD

Example: compute the quark-antiquark static potential
Application in a potential model with results:

reproduce meson spectra

predictions for some meson masses and decay constants
predictions for doubly heavy baryon masses

=) strong decay widths of baryons
m 1/a corrections to the AdS/QCD potential
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Consider tetraquark=diquark+antidiquark

Diquark
% 363 =16
attractive
{ } spin 1
[ ] spin O
Tetraquark
el —VIaEER

CStre | Mam || Mass | M
et | 050 || el | 059
I |

| fecy | 344 )] |

oay | s || o | seis
o) [ 560 || ) | sew
by | 7o || b | 67
oy [0 [ |

the same as for mesons!

mm) use the same potential

diquark not point-like — convolution with diquark wave function

~

e / i / dra |112(r1)2th3a(r2)]?
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V(R = [ drr [ dra 0GP0 PV (R + 13 — 1)

’LLO(T)

/AT

thij (1) =




e T T I
([cql{cq} + [eG]{cq})/~2 | 3.899 X(3872) 3.8712 + 0.0004

| (ea(en) — a2 | aew | men | s | |
T ey | eem | aew | e | |

First radial excitation of 1*: 4.421 GeV and 4.418 GeV
(indentified with Z*(4430) in arXiv:0708.3997, Maiani, Polosa and Riquer)

(1) D. Ebert, R.N. Faustov and V.0.Galkin, Phys. Lett. B 634, 214 (2006) [arXiv:hep-ph/0512230].

(2) L.Maiani, F.Piccinini, A.D.Polosa and V.Riquer, Phys. Rev. D 71, 014028 (2005) [arXiv:hep-ph/0412098].

(3) S.K.Choi et al. [Belle Collaboration], Phys. Rev. Lett. 91, 262001 (2003) [arXiv:hep-ex/0309032].
V.M.Abazov et al. [DO Collaboration], Phys. Rev. Lett. 93, 072001 (2004) [arXiv:hep-ex/0312021].
D.Acosta et al. [CDF II Collaboration], Phys. Rev. Lett. 93, 072001 (2004) [arXiv:hep-ex/0312021].
B.Aubert et al. [BABAR Collaboration], Phys. Rev. D 71, 071103 (2005) [arXiv:hep-ex/0406022].
K.Abe et al., arXiv:hep-ex/0505037. K.Abe et al., arXiv:hep-ex/0505038.

T means that the experimental value is used as an input in this case
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| JPC ] Favrcontent [ Mass | MasstD) |
- [bq][b3] 10.260 10.471
H ([bq]{bg} + [bg]l{bg})/ /2 10.284 10.492

(o} (53] AR
(b0} (53]
{bq}{bg} 10.296 10.534

[cq][53] 2.371 D,(2371)?
(o} (5

(ca}la
{cqg}{qs} 2.462 D, (2457)7
< (35} =
1¢q} 1G5} 2.648 X (2632)?
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