QCD sur réseau:
L’interaction forte sur le grill et sur une grille
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v The plateau method, nucleon mass.

v B physics and extrapolation to the b mass
v Electromagnetic radius,

v Rho decay
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Example: nucleon propagator
f dUexp[ (-6/g2) S;[UIIDet[M,] O/Z ; 7= [avexp| (-6/2%) S[U]]

ou  S[U]=Sg[U] + Ty{log [Mf]}

s exp[ (-6/g%) So[UTIDet[M] N(x)N(y)/Z

G.Schierholz

We will compute the nucleon propagator from the quarks propagating in a
background field: every one of the gauge configuration ensemble selected by
Monte-Carlo.The average over the ensemble will give the interaction generated
by the Fields U (x) and the dynamical quarks. The ensemble has been
generated by Monte-Carlo according to the chosen Ilattice action.

We never compute a diagram



<0|N,(ON,(y)|0>=[dUexp[ (-6/g2) SoIUTIIDetM] N,(ON,(y) /Z
7= [aUexp[ (-6/g2) SIUTMDetiM,] = ) . Ni(X)N (y)
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interpolating field

G2ab(tz,P') = Ze_z “(0|Na(x) N3 (0)[0) |

5, In><n]=1

Goap(tz,p) = V3 Z(OlNa(0)|n)(n|]\ (0)|0)e Entz

For large t,, only the state with minimale energy contributes. The exponential
slope E, of G, at large time yields the energy of a nucleon of momentum p




In practice, we compute the average, over the sample of gauge configurations, of
the product of three quark propagators computed in the background of these gauge
configurations.The three quark propagators spin-color indices are combined
according to the combination of quark fields in the nucleon interpolating fields.

ETMC collaboration For every configuration of the random sample, we
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matrix: S(x,y)=M/"(x,y)
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Fixing the lattice spacing using the nucleon mass at beta=1.95
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Les pions meurent aussi

T—uv Le taux de désintégration
n—uv est proportionnel a

des facteurs connus multipliés

w par une constante f 2 qui dépend
- . o p% o forte

La valeur de f_dépend de la

- o masse des quarks u et d
0 / selon une loi connue la «théorie
| effective chirale » valable quand
z m 4 ' Les masses des quarks sont
T . suffisamment petites
. a=0.06, 0.08,0.09 fm
130 & 3z
Wl aie b ek als ok Ne=2+T1+1 Ne =2
2Bgpg [GoV7]
A 3.70(27) 3.50(31)
A 4.67(10) 4.66(33)

Herdoiza, Reker, lattice 2010
fr /o 1.076(3) 1.076(9)




Festival des Saveurs Zowrdes




La masse du b: a mb >> 1, gros effets de discrétisation:
Step scaling method: calculer des rapports de quantites
pour des mailles (et des volumes) de plus en plus grands

dans un raggort constant 2. groupe ALPHA
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La masse du b: a mb >> 1, gros effets de discrétisation:
Un nouvelle méthode, calculer des rapports de quantités
pour des masses dans un rapport constant (1.2) depuis

le charme jusqu’au B
L

ETMC, Blossier at al., JHEP1004(2010)049
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Results for Nf = 2 maximally twisted mass Wilson fermions:

TS (M) = 4.63(27) GeV  Fp = 104(16) MeV  Fg, = 235(12) MeV



Probleme avec F, ?
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Among the possible explana-
tions for the discrepancy be-
tween experiment and lattice:

» Experimental issues ?

» Systematic effect, e.g.,
discret. error missed ?

» Tension = Hint of new
physics in the flavour
sector ?




After many updates
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"Puzzle” seems to disappear:
No conclusive evidence for New Physics in the charm quark sector yet, but
the D, leptonic decays will continue to help constraining SM extensions

Heitger, lattice 2010
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Independent determination of |Vc|, |V4l; holds |Vq| = |Vs| actually ?
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f,(q% =0) =0.753(12)(10) [[stat)(syst]]
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from FNAL & MILC:
Status of B — D*{v, for N, =2 +1 b

leptons
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<BO(m)|dy,ysulB™> = B—=mlv ;
F(9%)*gg+a,/(q*Mg-) *...

Matrix elementAfor the strong decay B* — B
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Nf = 0 lattice
and light cone QCD sum rules results

[ compilation by Becirevic et al. @ Lattice 2005 ]

Nf = 2 results:
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TAELE II: Results of the D'*'7* pair imvariant mass study, Blmede) = B[ — I}« B(D* -

the 1/2 3/2 puzzle ?7?7?
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La desintegration

anoncee
Du meson p




Rho decay (new)
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Un facteur en forme
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Des facteurs de forme



Nucleon form factors

Pour calculer le facteur de forme (FF) d’un courant on utilise une
fonction de Green a trois points: champ interpolant qui crée le nucléon,
le courant dont on cherche le FF et le champ interpolant qui annihile.



For nucleons, there are two independent Lorentz scalar functions
of g2 defining the form factor. We can use F,, F, or G¢, G,

s _
(N(pr. $) | Vu(O)IN(p1, 1)) = \/ Er Bo 0P S00uU(P.5)

lou,q”

2Mpy

Ou = WFi(d®)+ F2(q%)

VEM(x) = 200x)7,0(X) — 13(x).d(x)

Ge(@) = F(@)~ Gmee’2(@)
Gu(d®) = Fi(9°)+F(d)
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