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Why Static Limit?

simplified framework to solving the non-perturbative dynamics
of light degrees of freedom - due to heavy quark symmetry
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most interesting phenomenology involves lowest mesons:
leptonic, semileptonic (H/H, H/L) and radiative decays
BY, — BY ,-mixing amplitude (BSM)




Heavy Quark Effective Theory
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Lattice QCD
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Latticized HQET...
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HMChPT

Mept > AQeD May.ds < AQep
SU(Ny)L ® SU(Ny)r — SU(Ny)v
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HMChPT
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®a = ¢o

Extrapolate lattice data
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* finite volume effects can be
accounted for by ChPT tools
(at NLO completely independent of

counferferms!)

* HMStagChPT
Aubin, Bernard, 2006

* MILC & Fermilab-lattice, 2009




Need coupling - g
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Need coupling - g
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D.B. Blossier, Chang, Haas 2009 mJt
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We must extend HMChPT !

Nearest orbital excitations [jZ = (1/2)%] not far from the ground states
i = (1/2)7]:

e BaBar, Belle and CLEO — scalar Dg, and axial Dg:
ASS = mDSS — Mp, = Mp,, — mD; = 350 MeV

e Belle and Focus Ag =~ 430(30) MeV

e Lattice: situation similar in the static limit (mg — oo) = also B’s
N.B.!

Ag, . <Ny,my, mg

- No kaon or eta, unless we include scalars in the loops!
+ Not big a problem: SU(2) is cool too




Extended HMChPT
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Extended HMChPT

In the limit m,/Ag — 0 all LO corr’s due to 1/27 states are analytic in m.,
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Chiral doubler model

Nowak,Zahed, Rho, 2003; | pD..(2536)....4t~" | ~G=... |
Bardeen, Eichten, Hill, 2003 Ds(2632)
A DS(2457)

What are the values of h, g ?
~ Ot DS(2317)
Is g =~ g and h very small?




Axial charge in detail
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above:

light quark near the physical

strange quark mass

Nf=2 dynamical Wilson/Clover quarks &
Iwasaki gauge action, 243 X 48, a=0.1 fm
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Axial charge in detail
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chiral extrapolation This is where you can test
- ~, quark models: fix parameters
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Vector charge (fixed by VWI)
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Vector charge (fixed by VWI)

T2J§0 (r)

0.02| fO( ) 2f 0< ) 0.021 fo( ) [
e, : ‘W'HHHH
padad | i }fﬁi; 0.015 | } NM
0.01 | ! iq’é 0.01 .I‘ H
6.;9()_ ’ H’k . 7.78 P

R
#Hh '

0005 S*‘Charge % ooos| @
°% 6 o5
r [lattice]
n dF(q”
(PO |P() = F(¢*) (p+p), (r*)=6 (2 :
dg® |20
CRSR (Pirjol, Uraltsey 1999) (r?)}% ~ (r), 2" = 6/m2 = 0.393 fm”
dF(q2) I‘(-Bexc v B’)/) x4 Sl 16 2\ 1. 13
= 2J +1 < ['(B** — B™y) < —@em () |k+|° = 1.16(1) keV
dq2 2=0 Saeme?] ;( ) |k,),|3 81 < > Y




How to compute h-coupling ?

“Easy’ part in two steps
(B(p')|Au(0)|B;(p)) = (p+ P )uAr(q®) + 4. A— (%)
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g% non-zero in the static limit !
cannot give momentum
to a static source




How to compute h-coupling ?
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h-coupling (Ist latt.estimate ever!)
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h-coupling (st latt.estimate ever!)

ho = —0.78(5)(*%)  go = 0.52(2)(*3) Go = —0.16(5)(*2)

3 consequences:

(m2B;; —m$)?
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@ HMCHPT reliable only for extremely low pion masses. In lattice chiral
extrapolations the contributions coming from scalar heavy-light states must
be included in the expressions

@ Models with chiral doubling in heavy-light mesons are be viable.
Soft pion coupling in L=1 doublet is much smaller than in the L=0 doublet




Instead of conclusions

HMChPT:

v/ useful in guiding the chiral extrapolation of
quantities computed on the lattice: Nf=3 less viable

than Nf=2 [@ present level of accuracy!]

¢/ inclusion of first excitations is necessary (formulas
for decay constants and B-parameters in and beyond SM
are available; NOT for the form factors!)

v/ dominant couplings in the lagrangian

computed here (strategy to compute h devised!)




Instead of conclusions

Internal structure of heavy-light mesons:

v peculiar shapes of radial distributions of axial
charge: very different in the lowest doublet from that of

the first excitations

¢/ radial distribution of vector/axial charge and matter for both lowest and

excited doublet of mesons computed: test quark models (Dirac Model with scalar
potential works very well -- refine the choice of parameters; the models of type
Bakamjan-Thomas works well too)

v/ Can use models to study physics of higher

excitatinneg




