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Vers I'Infiniment Petit :Le Modéle

MATTER PROTON  QUARK

ALL

ORDI }‘_‘;’\(f?);’zzi TER B clectron electron neutrino _
!I.”',I,’_i l:\ UI{I(LN P Electric charge ~1 . Electric charge 0 Electric charge + 2/3 ¢ Electric charge —!f%
R(‘-S[}O“Sll‘ili‘- for electricity Rarelv interacts Protons have 2 upquutk:\ iz . and one down L|LIil.lk.
and chemical reactions with other matter Neutrons have | up quark ...| ... and two down quarks
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cnarn Sirange

A heavier 7 A heavier

relative relative Q

of the up. of the down

muon muon Ill'!lll'illll
A heavier Created with muons
relatve 0 when some

of the electron particles decay

1au tau neutrino bottom
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Heavier Not yet observed Heavier Heavier
stll. directly still, still.
recently
observed.

Fach partcle also has an antimatter
counterpart ... sort ol a murror Hmnage.
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e Quelles sont les Forces qui regissent la Nature ?
Forces electromagnetique, faible, gravitation

| THE FORCES IN NATURE

| INTENSITY OF FORCES . BINDING PARTICLE
| ( DECREASING ORDER i ( FIELD QUANTUM ) | OCCURS IN : J
e Ea |

|
! | |
STRONG NUCLEAR FORCE ,' ! GLUONS (NO MASS) ; ATOMIC NUCLEUS
. { i }

| ATT |
ELECTRO -MAGNETIC FORCE | ‘ E PHOTONS (NO MASS ‘ ATOMIC SHELL

; L l ELECTROTECHNIQUE
__——-———h_"__.t_m__.m_.____.wm‘ e e
.5

RADIOACTIVE BETA
DESINTEGRATION |

| BOSONS Z°, W+, W-
e (HEAVY)

|
]
i
|
GRAVITATION { ‘ GRAVITONS (?) % HEAVENLY BODIES




G. t'Hooft-M. Veltman P
Prix Nobel 1999 .-‘

D. Gross, D. Politzer,

F Wilczek
Prix Nobel 2004

Chromodynamique
Quantique (QCD)

strong force
carried by the gluon

electromagnetic force
carried by the photon

weak force carried by
the W and Z particles

@
(@

tom quark. - tau-neutrino







¢ Sa (non) decouverte est cruciale pour I'avenir de la
physique




I

® Les Hadrons des quarks u, d, s 7

Modele des quarks de
My = 140MeV

Décrit maintenant par la

La théorie de la Couleur EE




Les Series de Conferen




| es Series de Conference Internationaies

QCD-Montpellier depuis 1985 (Euroconferences 1994-2000)

15th HIGH-ENERGY PHYSICS
QCD INTERNATIONAL CONFERENCE

SCIENTIFIC PROGRAM

0 QCD at Colliders

o Physics of tau-decays and e+e-

o Physics of Light Flavours and Glueballs
o Physics of Heavy Flavours

o CP-Violation

¢ QCD Plasma

25 YEARS OF THE QCD MONTPELLIER
INTERNATIONAL CONFERENCE

INTERNATIONAL COMMITTEE
H. Fritzsch (Munich - DE)

A. Di Giacomo (Pisa - IT)

M. Neubert (Mainz - DE)

A. Pich (Valencia - ES)

E. de Rafael (Marseille - FR)

J-M. Richard (Grenoble - FR)

V.I. Zakharov (Moscow - RU)
K. Zalewski (Cracow - PL).

CONTACT

CHAIRMAN OF THE ORGANIZATION
Stephan Narison
IN2P3/CNRS-Montpellier-France
Email: snarison@gmail.com

QCD SECRETARIAT

Marie Razafindrakoto

Laboratoire de Physique Théorique

et Astroparticules IN2P3/CNRS,

Université dg Manpelies? Martin de Londres (10- 11 Octobre 2011) — ©






HEP-MAD (Antananarivo) depuis 2001

HEP-MAD 11

5th High-Energy Physics International
Conference in Madagascar

25-31th angust 2011 (Antananarivo)

Scientific program

Physics ar LHC and ar some other zecelerarors
QCD {non) perturbative phenomena

Weak decays and CP-violation

Physics beyond the standard model

Astroparncles and neutrino oscillatons

International committee
E. Aslanides (Marseille-FR)

J. Ellis (CERN-CH)

AL D Giacomo (Pisa-1T)

M, Neubert {(Mainz-13)

A. Pich (Valencia-ES)

E. de Rafael (Marseille-FR)

J:M. Richard {Lyon-FR)

V. 1. Zakharov (Moscow-RLU)

K. Zalewski (Cracow-PL)

Chairman of the organization

Stephan Narison (Montpellier-FR) E B
Laboraroire Lnivers et Particules de Montpellier (LUPM)

UM2, Place Eugene Bataillon,

34090 Monrpellier Cedex 05 FIt -
)- 11 Octobre 2011) — p
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Exploration de I'Infinime




Exploration de I'Infiniment

Tunnel de 27km; 100m au-dessous du sol; Energie de 7000 GeV = 70 fois le LEP =7
fois le Tevatron (peut fondre 500kg de cuivre); 600 miilions de choc proton/proton par

sec et 10! pendant toute la durée de I'experience; Cout: 2.6 Milliards d’Euros + 1.2

Milliard pour le personnel. E B EBE




Exploration de I'Infinime

&Y GODDARD

e Mecanisme de la matiere noire
(96% de l'univers!)

e Accéleration de Jets de matiere
pres des trous noirs



(de Georges Vasileiadis)
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Gamma-
ray

Particle . &
shower ‘&

provenant des supernova ou du coeur des etoiles pres des trous noirs
au centre de la voie lactée a 15 millions d’annee-lumiere

.

Supernova Cassiopeia Crabe Nebula Cygnus A

explosion en 1680  explosion en 1054, decouv. en 1989  decouv. en 1939 | _ L L




(de Edmond Giraud)

-

Etude d’amas de Qjélaxies et d’étoiles a 50 millions
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G. Wang (Post-Doc - Beijing).
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G. Wang (Post-Doc - Beijing).
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J.M. Richard. (Grenoble):
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C. Zanetti (Post-Doc - Sao Paulo)
F. Fanomezana & A. Rabemananjara (Doctorants - Antananarivo),

* Charmonium: desintegration & facteurs de forme
J.M. Richard. (Grenoble):
Z. Guo (Doctorant - Beijing):
Q. Zhao (Beijing):
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17 Publications en 2009-

S. N., e-Print: arXiv:1105.5070 [hep-ph] (2011).

Gluon Condensates and Precise m, from QCD-Moments to O(a) and O((G*)).
S. N., e-Print: arXiv:1105.2922 [hep-ph] (2011).

Gluon condensates and c, b quark masses from quarkonia ratios of moments.
S. N., Phys.Lett. B693 (2010) 559-566

Power corrections to as(M¢), [Vys| and ms.

S. N., Phys.Lett.B673:30-36,20009.




17 Publications en 2009-2

Gluon Condensates and my(my,) from Exponential sum rules at Higher Orders.
S. N., e-Print: arXiv:1105.5070 [hep-ph] (2011).

Gluon Condensates and Precise m, from QCD-Moments to O(a) and O((G*)).
S. N., e-Print: arXiv:1105.2922 [hep-ph] (2011).

Gluon condensates and c, b quark masses from quarkonia ratios of moments.
S. N., Phys.Lett. B693 (2010) 559-566

Power corrections to as(M¢), [Vys| and ms.

S. N., Phys.Lett.B673:30-36,20009. _
Mesons scalaires legers et gluonium

Substructure of the sigma(600) and fo(980) from gamma-gamma scattering
G. Mennessier, S. N., X.-G. Wang (Beijing), Phys.Lett. B696 (2011) 40-50.
The sigma and fp(980) from Ke4 + 11— 1t Scatterings data

G. Mennessier, S. N., X.-G. Wang (Beijing), Phys.Lett.B688:59-66,2010.
Gluonium nature of the o/ fo(600) from its coupling to KK.

R. Kaminski (Cracow) , G. Mennessier, S. N., Phys.Lett.8680:148-153,50(ﬂ. "=
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* Hadrons Exotigues: hybrid, tetraquarks, molecules
1~ light exotic mesons in QCD.
S. N. Phys.Lett. B675 (2009) 319-325
1-— and 0" heavy tetraquarks and molecules from QCD.
R. Albuquerque, F. Fanomezana, S. N., A. Rabemananjara, C. Zanetti (a paraitre)
Relation between Tcc,bb and Xc,b from QCD. J.M. Dias, S. N., ES. Navarra, M.
Nielsen, J.-M. Richard, Phys.Lett. B703 (2011) 274-280
On the nature of the X(3872) from QCD.
S. N., ES. Navarra, M. Nielsen (Sao Paulo U.), Phys.Rev. D83 (2011) 016004




Nielsen (Sao Paulo), S.N. Phys.Lett. B684 (2010) 236-245.

Hadrons Exotiques: hybrid, tetraquarks, molecules

1~ light exotic mesons in QCD.

S. N. Phys.Lett. B675 (2009) 319-325

1-— and 0" heavy tetraquarks and molecules from QCD.

R. Albuquerque, F. Fanomezana, S. N., A. Rabemananjara, C. Zanetti (a paraitre)
Relation between Tcc,bb and Xc,b from QCD. J.M. Dias, S. N., ES. Navarra, M.
Nielsen, J.-M. Richard, Phys.Lett. B703 (2011) 274-280

On the nature of the X(3872) from QCD.

S. N., ES. Navarra, M. Nielsen (Sao Paulo U.), Phys.Rev. D83 (2011) 016004

Charmonium: desintegration & facteurs de forme
The branching ratio {(3770 — J/@+ 10 in QCD

Z.-K. Guo, S.N., J.-M. Richard, Q. Zhao (a paraitre) EEERN
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20th century
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QCD OPE

J|-| (X)

ImI1(t) + subtraction terms

* t
/t< t+Q%+ie

EXP DATA

Hadronic current

Ory, Yuw, asG?, ghGY, UMWy, ...




Different Forms of the

— Resonance Mass

] M
Double Ratio K1 ~
R2 MR2

exponential enhances the low energy contribution.




Different Forms of the

Double Ratioy | — ~ —=

exponential enhances the low energy contribution.
® Moments & FESR

tc
te
Moments : n < 0 heavy quarks SVZ

FESR : n> 0 light quarks Lugunov-Soloviev-Tavkhelidze 67,
Bramon-Etim-Greco 72, Shankar 77, Floratos-SN-de Rafael 79, ...

not accurate for extracting power corrections : # of large numbefs ® B ®




The Adler function in ee”

D(Q?) mesurable in efe” —vy, — Hadrons process
R

DM2, LEP, CLEO, BABAR, BELLE, BES

B. Richter, S. Ting Prix Nobel 1976 :




The SVZ-OPE for the




The SVZ-OPE for the A

p=0: usual PT series (as=as

Co= ynCnOD = 1+as+1.640aZ+6.371a3 +49.076ai+
??

° p=1 n_ﬁ: small corrections

°* p=2 (asG?), me(Pqlg): gluon and quark condensates

°* p=3 as<q7qtpq>2: four-quark condensates




Theoretical Progresses
1st Step

Quant. Mec. & Non-Rel.

04 08 12 16 2.0 24 28 32
WwT

Small imesll Stabiltyd Breakdown O
all levalzlground statelof OPE
contribule  dominance
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Theoretical Progresses
1st Step

Quant. Mec. & Non-Rel.

04 08 12 16 2.0 24 28 32
WwT

Small imesll Stabiltyd Breakdown O
all levalzlground statelof OPE
contribule  dominance

Radiative corrections into Exponential SR :

Inverse Laplace Borel transform —
N
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Chetyrkin-Steinhauser 01

® High-dimension gluon condensates
Nikolaev-Radyushkin (NR) 83, BG 84, Bagan-Pascual-Tarrach 85,...

® Higher order PT corrections Chetyrkin et al...




Chetyrkin-Steinhauser 01

® High-dimension gluon condensates
Nikolaev-Radyushkin (NR) 83, BG 84, Bagan-Pascual-Tarrach 85,...

® Higher order PT corrections Chetyrkin et al...

3rd step

® ChPT constraints on the pion spectral function
Bijnens-Prades-de Rafael 95
® Question on duality violation for spectral function

Shifman 00, Cata-Golterman-Peris 09, G-Alonso-Prades-Pich, de Rafael,
H B RN










In the [attice calculation of (Og

Geometric sum instead ? (no sign of IR renormalon !)

® Chr~ (%) Ch_1 . # pert. calc. to o(ag) Chetyrkin et al. ;

Lattice calc. (as G?) to 0 (a:®) Rakow




in the lattice calculation of (a5 G?) to order a®! Rakow

Geometric sum instead ? (no sign of IR renormalon !)

® Ch~ (%) Ch_1 . # pert. calc. to o(ag) Chetyrkin et al. ;

Lattice calc. (as G?) to 0 (a:®) Rakow

Dual to 1/Q? from a tachyonic gluon mass at short distance ?
® ToNChOD ~Ca\?/Q® A?<0: N= 10 Lattice

Zakharov-Gubarev-Polikarpov, Chetyrkin-SN-Zakharov 95,
® Short PT series + power corrections = long PT series.




kalashnikov !

Corrections to tand K PCAC s\ s1.
Dominguez-de Rafael 87, SN book 89, ...

Heavy quark masses since SVZ 79, SN 87, Chetyrkin et al,
loffe-Zyablyuk, SN 10,...,
Light Baryons since 1981.: loffe, Dosch et al.

Heavy Baryons Bagan-Chabab-Dosch-SN 92-93, Albuquerque et al.,

Chinese groups,...

Gluonium since Novikov SVZ 80, SN 83, SN-Veneziano 89

Light Hybrids Latorre-Pascual-SN 87, Chetyrkin-SN 00, SN 09

Heavy Hybrids Govaerts-Reinders-Rubinstein-Weyers 85, SN-book 04

Four-quarks, molecules Latorre-Pascual 85, SN 86;

Sao Paolo, Chinese,...; Matheus-SN-Nielsen-Richard 07

Hadronic decays Vertex Navarra et al... Light Cone De Fazio

T1-decay BNP 92, Pich-Lediberder, Prades-Pich, G.-Alonso, Valenzuela

Thermal Hadron Bochkarev-Shaposhnikov 86, Dosch-SN 88, Loewe et al.
HE NN




kalashnikov !

eanl c

d K PCAC sn 81,

Paver-de
® Corrections

Dominguez-de Rafael 87, SN book 89, ...

® Heavy guark masses since SVZ 79, SN 87, Chetyrkin et al,
loffe-Zyablyuk, SN 10,...,
Light Baryons since 1981.: loffe, Dosch et al.

Heavy Baryons Bagan-Chabab-Dosch-SN 92-93, Albuquerque et al.,

Chinese groups,...

Gluonium since Novikov SVZ 80, SN 83, SN-Veneziano 89

Light Hybrids Latorre-Pascual-SN 87, Chetyrkin-SN 00, SN 09

Heavy Hybrids Govaerts-Reinders-Rubinstein-Weyers 85, SN-book 04

Four-quarks, molecules Latorre-Pascual 85, SN 86;

Sao Paolo, Chinese,...; Matheus-SN-Nielsen-Richard 07

Hadronic decays Vertex Navarra et al... Light Cone De Fazio

T1-decay BNP 92, Pich-Lediberder, Prades-Pich, G.-Alonso, Valenzuela

afael-Tre
to TTan

® Thermal Hadron Bochkarev-Shaposhnikov 86, Dosch-SN 88, Loewe et al.

SN books : WSC 89, Cambridge 04 " EEE




as(Mz) 0.119210) t-decay SN 09
[0.1191(27) Z-width]
0.1189(10) average (Bethke, PDG)

Running Q. Masses  [MeV] o(a3)

my(2 GeV) (2.8+0.2) average SNO9

my(2 GeV) (5.1+£0.2)

Ms(2 GeV) (96.1+4.8)

me(mg) (12614+:16)  J/w Q*>-mom SN10, SN11

My (M) (4177+11) Y Q? & Exp-mom SN10, SN11




(dd),/(au
(5% /(dd

4 (asG?)
Lattice

S 9<U_quv§L|JG§V>
= M3as " ()

6 g3fanc(GAGPGE)
pGS<L|_JL|J>2

1-9x10°3
0.7440.03

(7£1)10°2

Adriano 85, Rakow 09
M2 = (0.80+0.02)

(8.24+1.0)(asG?)
(4.54+0.3)10*

s
non-norm. ord.(pseudo)scal,

non-norm. ord.(pseudo)scal
& light & heavy baryons
ee,Y—np, J/JULSR

T : unconclusive
Light baryons, B, B*

J/P-LSR  SN10

p=21+02




R (T)

TT—sum rule

Ln

Average

T-decay : large B — 51 PT series
Fixed Order PT

Contour Improved

6.5£0.5

12+ 6
A3

2.6+0.8
5.9+0.8




Effect of1/Q? on s fi

Ssvz= 3 50P) —(7.8+1.0)

BT = Bevzt Ot + S+ Bag _(109+1.1)

Oinst —(0.7£2.7)/20

Opv —(15+9)

Stach = large p— T1PT (17+£5) FO
(39+5) CI

SNsT = Binst -+ Opv + Srach (2.0+£9.4) FO
(

24.0+106) Cl




PT as(My) as(Mz) Ret.
FO 0.3276(34)ex(86);n  0.1195(4)ex(10)1n(2)ey
Cl  0.3221(48)ex(122)y  0.1188(6)ex(15)h(2)ev
> 0-3249(29)ex(75)th 0-1192(4)ex( ) ( )ev
(

0.1191(27)ex(2)n
0.1189 (10)
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Conclusions & Future

1/07 term: a possible way to parametrize Large order PT series




Conclusions & Future |

C JCT VVI U U - . JCOITIC cl1C cal ¢

1/07 term: a possible way to parametrize Large order PT series

1/0Q7 term: seems to improve many existing phenomenology
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