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the QCD Higgs :

Bern group, Yndurain-Madrid group

Proliferation of the number o o Mmesons:
f0(0.6), f0(0.98), fo(1.36), fo(1.5), fo(1.7),...?

® |Less known values of their hadronic and yy couplings.

® Speculations on their nature : qqg, 4q or gluonia/glueball states or their mixings ?
e Heavy hadrons new experimental observations

® Mass splittings of Charm and Beauty baryons : Qu(bss, ...

® Nature of Exotic mesons: X (3872, Y:(4660 and Y,(10890,...
e The aim of this talk

® Uses of QCD Spectral Sum Rules (QSSR) < Low Energy Theorem (LET)

data (1ut, yy scatterings, ete™,...) for understanding the hadron substructure.
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N(0?) = [P(0]7 Ir (x)I1(0)|0) : Ir(x) =PIy : quark fields
NQ*=-q">A?) = 20,1,...C2n<02n>/Q2n : OPE
Con calculable in pQCD

(O2) : mé quark masses\“tachyonic gluon maggarametrization of UV
renormalongnot in the usual OPE)

CondensateéOzn=4) : M(PY),...quark; (asG,Ga ), ...gluons

Understanding the OPftom AdS/QCD ¢ Ratsimbarisomp Jugeau
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e Optimal Results

® Stability criteria : versus the sum rule variable T and QCD continuum threshold t.
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= positions of the optimization scales compensate SU(3) breaking effects

O4q = (UT'U)(sI'S)+ ..., Oed = (UU)(SY)
Magq >~ 1 Gev

Importance of Ogg = eﬁ — %B(GS)GE\)G&,
Needs 2 resonances for consistency of the substracted and unsbtracted sum rules
Mog >~ 1Gev, Mg ~ (1.5-1.6) GeV
Confirmed by inclusion of instanton-(anti) instanton in DIGA
~ 1 GeV Glueball : Unquenched Lattice
Strong coupling evaluation of the gluon propagator

No conclusive structure from mass predictions !
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N
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e A

rSz(Ju+d_d)—>rrFrr ~ (120~ 180) MeV ~ Mg,

a0 (@u—dd)—mon ~ 84 MeV: gaynn = \@QaOKm—

. I's,— 2
sy~ (4~ 6) keV ~ M2 : rZJyy ~ 25

rS — . 2
Sp—Y E B NN
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— Two LET sum rules:

1 1

= Z Osmv2fs=0, = z Jsmm

4 , 4 ;
S=0B,0R,6G S=0B,0R,G

V2fs
E

=1

= |Jogmt | = [ogktk—| = (4~ 5) GeV= T, i = 0.7GeV Mg, =1 GeV

Euler— Heisenberg Effective Lagrangiagg — vy
—> Jsy =~ 5V2fsM3 ( = > > q=ud SQﬁ/Mg Mg : constituent quark mass;s from QSSR
Fog—y =~ (0.2~ 0.6) keV ~ Mg,
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e Results forthe o
® Mg~ 452(13) —i 259(16) MeV ; |Jgm | ~ 2.64(10) GeV,

BUT |9ok+k-|/|9gr | = 0.37(6) large ! : does not favour 4q & tatmolecule:

e Results for the fp(980)
® My, ~981(34) —i18(11) MeV ; |gs rrr |~ 1.12(31) GeV, |Gt k+k-|/|9tgrrm | =

2.59(1.34) : does not favour pure uu+ dd BUT 4q or gluonium + qq ?
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® Can also be done from the CP-odd asymmetry in efe™ — 1t 1m-

e Results from a fit of the yy — 11 and 1t T data in units of KeV
ror = (0.16+0.04) , resS ~(1.94+0.8) =TI, ~(3.1+0.8)

rar ., ~(0.284001) , It ~(0.85+0.05) ="~ (0.16+0.01)

® Total: OK with
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often used in the literature !

e On-shell orttand direct oyy couplings

® Can be compared with QSSR-LET predictions :
[ 6o st = 1.0GeV,  Tg oo yyldirect = (1.0 0.4) keV.

e What internal structure of the o from QSSR is favoured by the data?
® NOT pure qq: too large yy (5 keV) too small tut [(120-180) MeV] widths !
® NOT pure 4q : too small yy width (few 10 eV)

® MOST PROBABLY a large Gluonium component: yy and ot widths OK !
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Otok+K— |/ |9ty | = 2.99(1.34) allows a coupling to Tut!
® o and (980 : maximally mixed gg and qor?

e States above 1 GeV ?

® More Involved : Mixings - Spectroscopic Chemistry !

Zhao
® 3Jog as aradial excitation = fp(13007?

® (G(1.5-1.6) as "true OZI glueball"! : couples weakly to Tot, KK strongly to

n'n’, n'n : U(1) anomaly-like decays :




b is a free parameter: fixed after optimization




€abc | (02 CysSh) +b(0,C)ys| Qc .
r]EQ (S = q) ;

r]EQ

NAqg

b is a free parameter: fixed after optimization

Spin 3/2

Interpolating currents
2
Nz = \f; (@' CyuQ)s+ (s'CyuQ)a + (a' Cyys)Q]
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EXP: One resonance + QCD continuum







M (11454 20.8) MeV [SNB, PDG]
N (263+£7) MeV [SNB]
k= (59/(dd) (0.7+0.1) 'SNB, DOSCH]
M3 (0.840.1) GeV? 'DOSCH, SN]
(asG?) (6.841.3) x 1072 GeV* [SNB, LNT, YND, BB]
pag(dd)? (45+0.3)x 104 GeV® [SNTAU, LNT]
M (1.18~ 1.47) GeV [SNB, PDG]
my (4.18~ 4.72) GeV 'SNB, PDG]




O NI NI N, O NI

1.043(10)
1.014(7)
1.0455(64)

iInput
iInput

Input

2559(25)
5893(42)
6076(37)

24679+0.4
26975+ 2.6
57924+3.0
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60710+ 40 [PDG]
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1.049(8)
1.109(17)
1.024(8)
1.040(9)

2641(21)
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5961(21)
6066(49)

26461+ 1.3 [PDG]
27683+ 3.0 [PDG]
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Extension of the work to QQs, bcs and
QQQ, bbg ccb
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e D* —D molecule: ~ (qysc)(cy"q) — (qy*c)(cysq)
e A\ —J/W—like molecule: ~ (cA®c) (Ghays0)

3925127) MeV M2 ~ 10144106) MeV
(0.988+0.018)

m3°' ~ 1.00£0.00.. M—A 0.964+0.03




[ mol ~50 MeV (data: Ix_ a1 < 2.3 MeV)

X—=J/p+nm
3,mol "
Mgy ~ 34 MeV .

Fall-apart decay
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X — J/yrut y from vertex sum rules

Diquark-antidiquark, D — D molecule

3,mol "
%0 /penm ~ 50 MeV

3mol
Xy ~ 34 MeV .

Fall-apart decay

A —J/y molecule

A Y | ~
rXHJ/LHmT -~ (?) r)TiJ/LHnn ~ 0.3 MeV

A N 2 | ~
I N(O‘—ns) FQiJ/WNO.OZ MeV ,

Os suppressed decay ®
N

ﬁ



I

X — J/yrut y from vertex sum rules

Diquark-antidiquark, D — D molecule

= ~ 50 MeV

X—=J/P+nm
3mol
I'XHJ/pr ~ 3.4 MeV .

Fall-apart decay
A —J/y molecule

A ~ s)2 | ~
rXHJ/LHmT - (%) r)TiJ/LHnn ~ 0.3 MeV

A Y | ~
Py gy = (%) Moy ~ 0.02 MeV,

A
=W ~0.07

A
I_X*‘?J/qJTUT

Os suppressed decay ®
X aA—J/Y molecule ? o

ﬁ






M3 ~ 4650100) MeV Mo ~ 442Q/100)




e D{ —Ds molecule: -~ (s, Y

M3 ~ 4650100) MeV Mo ~ 4420/100)

Check of reliability and extension to Yy, :
e Stability criteria
e Double ratio of sum rules: 4g/molecule, SU(3) breakings
e Study of the Decays using vertex sum rules

Albuquerque, Navarra, Nielsen, Simonetti (Sao Paulo)
Rabemananjara, Fanomezana (Madagascar)

Kaminski (Poland) EEER
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Zhao)at the Lyon workshop (April 2010)

Beijing groups (Guo, Jugeau, Zhao, Wang) the
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Beijing PhD students Montpellier (Wang2010)

RegularChinese participations (BES, BELLE, Zhao, Zhenc
at the International QCD-Montpellier Conference

Invited Chinese participationat the 5th International
HEP-MAD 11 in Madagascaf25-31th August 201y = =




HEP-MAD 11

5th High-Energy Physics International
Conference in Madagascar

25-31th august 2011 (Antananarivo)

Scientific program

Physics ar LHC and at some other accelerators
QCD (non) perturbarive phenomena

Weak decays and CP-yiolarion

Physics beyond thee standard modet

Astroparticles and neutrino oscillations

e Thanks for your attention !
 amen Abmlaniy Thanks to the organizers !

1. Ellis (CERN-CH)

A, DiGiacomo (Pisa-1T)

M, NMeubert (Mainz-[}) :

A.Pich (Valeaci ES) Thanks to the Chinese sponsors !
E. de Rafacl (Marseille-FR)

1M, Richard (Lyon-FR)

V. 1. Zakharov (Moscow-RU)

K. Zalewski (Cracow-PL)

Chairman of the organization

Stephan Narison (Montpellier-FR)

Laboratoire Univers ¢t Particules de Montpellier (LUPM})
UMZ, Place Eugene Bataillon,

34090 Montpellier Cedex 05 FR

Email : snarison@yahoo.fr

Tel: 4336 08 07 8691 or +261 33 14 468 68

Fax : +33 4 67 6605 15 or +33 4 67 14 35 68

Local organization
HEP-MAD Research Institute {Antananarivo-MG)
Assoctation AGMM (Antananarive-MG)

Association ACMM (Montpellier-FR)

Deadline for registration & talks submission
3rd july 2011 H B

Url address for more informations

— Stephan 2011 =Dbp
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