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We compute the two-loop anomalous dimensions of the four-fermion operators relevant to weak non-leptonic decays and
discuss the physical implications for strange and charm particle decays. In particular, we derive the complete order «g correc-
tions to the inclusive decay width of a heavy quark.
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QCD NON-LEADING CORRECTIONS TO WEAK DECAYS AS AN
APPLICATION OF REGULARIZATION BY DIMENSIONAL
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We compute in QCD with massless quarks the two-loop anomalous dimensions of the
four-fermion operators relevant to weak non-leptonic amplitudes and discuss the physical implica-
tions for strange and charm particle decays. Our main goal was to derive the complete order «
corrections to the inclusive decay width of a charm (or heavier) quark. We find that the correction
terms in the effective hamiltonian show the same enhancement-suppression pattern as the leading
terms. Also, for a free ¢ quark, the non-leptonic decay width is further increased (and the
semileptonic branching ratio further depleted) with respect to the leading approximation. Implica-
tions for D (especially D*) decays are discussed. The calculation was completely done by a recently
proposed variant of dimensional regularization called dimensional reduction. Much of this paper
is devoted to exposing and resolving (within two loops) the field theoretic subtleties associated
with this method which was particularly suited to this computation.
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We present a complete calculation of leading and next-to-leading QCD corrections to the
QCD factors 1, and 7., relevant for the CP-violating e-parameter and B"~B” mixing in the
presence of a heavy top quark. We demonstrate explicitly that the resulting n,’s are gauge as
well as renormalization prescription independent. We also show that they do not depend on the
infrared structure of the theory. We emphasize that these results only follow after correct
factorization of short and long distance contributions, which has not been done properly in many
recent QCD analyses present in the literature. We stress however that n,(x,) with x, =m; /Mg,
depends sensitively on the definition of the top quark mass and only the product n,(x)S(x)
(S(x,) being the function resulting from the lowest order box diagram) is free from this
dependence. For m =m (My,) the corresponding 7-'s decrease strongly with m, whereas for
m¥ =m (m,) they show only a weak m¥-dependence: (.58 > 3k > 0.56 and 0.88 > 733 > 0.84
for 60 GeV <m¥ <300 GeV and A gg= 200 MeV. A critical discussion of the existing literature
on QCD calculations in the presence of a large m, is presented.




Pre - Lattice QCD

* Hadronic matrix elements computed by means of quark models
* Hadronic matrix elements computed by means of QCDSRs
*Systematic uncertainties impossible to assess

*Precision determination of the CKM couplings and looking for
New Physics impossible



Pre - Lattice QCD

* Hadronic matrix elements computed by means of quark models
Confining potential and PGB dynamics at odds

* Hadronic matrix elements computed by means of QCDSRs

* Systematic uncertainties impossible to assess Relation of parameters to QCD

* Precision determination of the CKM couplings and looking for
New Physics impossible Do not trash non-lattice QCD methods though!

They are still the best tools we have when working

out the pheno of higher excited states, modern

spectroscopy...



Lattice QCD
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* Ab initio means that no parameter apart from gauge
coupling and quark masses is used to compute a
hadronic quantity

* Discretize QCD on 4D-hypercubic lattice with PBC

* Snapshots of the QCD vacuum fluctuations through MC

simulations
* Physics from Green functions — (Euclidean) —
Correlation functions

e Lattice spacing is UV cutoff: regulator



Lattice QCD
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Lattice QCD

i fpmp = Z4 (0| A(0)|P)
cont latt]

Au — _’Y,U/Y5q, P ~ {7T7 K7D7D8737387Bc}



ifpmp — ZA <0|A0(O)|P>
—— N—— ———

cont lattice

ALL — Cj"}’“")’,qu, P e {7T7 K7D7D87B7B87Bc}

* Wilson regulator breaks Chi$

e Z5 encodes the physics of E> 1/a /D\ + A - /@}j\ +--
p p p p p p

e Can be computed perturbatively
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ELSEVIER
The connection between local operators on the

lattice and in the continuum and its relation to
meson decay constants

G. Martinelli, Zhang Yi-Cheng * ®

Show more
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Abstract

We have computed, at first order in perturbation theory, the relation between lattice
and continuum local operators used in Monte Carlo simulations to evaluate the
meson decay constants. These corrections, although with the correct sign, are too
small to compensate the discrepancy between existing lattice calculations and
experimental values.
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Abstract

We have computed, at first order in perturbation theory, the relation between lattice
and continuum local operators used in Monte Carlo simulations to evaluate the
meson decay constants. These corrections, although with the correct sign, are too
small to compensate the discrepancy between existing lattice calculations and
experimental values.
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Zo(ap, g5(a)) = 14 Ci(ap)gg(a) + Ca(ap)gg(a) + . ..

* which coupling to use (boosting)

* tadpoles are large

* need a nonperturbative determination
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The chiral properties of the continuum limit of lattice QCD with Wilson fermions are studied.
We show that a partially conserved axial current can be defined, satisfying the usval current
algebra requirements.

A proper definition of the chiral symmetry order parameter, (O|y|0), is given, and the
chiral properties of composite operators are investigated. The implications of our analysis to the
lattice determination of non-leptonic weak amplitudes are also discussed.

* There are no conserved chiral currents with Wilson
quarks
e Chiral symmetry is to be restored in the continuum

* Use continuum chiral Ward identities and impose
them as renormalization conditions at fixed lattice
spacing: renormalized theory has the proper chiral

symmetry
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oy, Zp ,ZplZs at fixed a

* Fully nonperturbatively

e Gauge independent

* What about the bilinear quark
operators with non-zero
anomalous dimension?

* What about the four-quark

operators!



Nonperturbative

renormalization
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Abstract

We propose a non-perturbative method for computing the renormalization constants of generic
composite operators. This method is intended to reduce some systematic errors, which are present
when one tries to obtain physical predictions from the matrix elements of lattice operators. We
also present the results of a calculation of the renormalization constants of several two-fermion
operators, obtained, with our method, by numerical simulation of QCD, on a 16> x 32 lattice, at
B = 6.0. The results of this simulation are encouraging, and further applications to four-fermion
operators and to the heavy quark effective theory are proposed.

* RI-MOM
e Correlator of renormalized operators do not depend on
regularization up to cutoff effects: Rl

* Momentum subtraction scheme, just like in continuum: MOM

_O‘~‘.




Nonperturbative
renormalization

* Fixed gauge (Landau)

Gr(p,p) = / Iz dy eV (G(2)Op(0)3(y))
S(p) / d'z e (@(2)3(0))

12 p2 112 I p2 ] ZF FI‘ (p) — ZF Ir [AI‘ (p) Pp] =1

[ e T T I N I BN B B B



Nonperturbative c
renormalization
P 5
* Fixed gauge (Landau) Gr(p,p') = /d4a: d4y e tPztip’y (a\(x)Op(O)E(y»
S(p) = / d*z e~ (q(x)g(0)) Ar(p) = S(p)*Gr(p,p)S(p)™*
oy #S0) " :ZqiTr P5) " —1 Zr I'r(p) = Zr Tr [Ar(p) Pr| =1
250 r L, 127 | P e 2= 2 iy

* IR problems appear when choosing I'= y. : pion with q*=0

* Either fit it away by working with several light quark masses or use mass non-degenerate vertices

I'p(p?,m) = A(p?) szz) -C(p*)m.

e Or define RI-SMOM pZ = p2 = (p-p’)2=u?

my FP(p27 ml) — My FP(pza m2)
™My — Mo

F%UB (p27 may, m2) —




Nonperturbative
renormalization

* Fixed gauge (Landau)

Gr(p,p') = / d'c dy e PV (G(2)Op (0)a(y))
S(p) = / d'z e (q(2)3(0))

i - (#S i [BS)']
2| AT ZiTr(p)| =ZeTeAc(p) P)| =1

* Matching to MS scheme is done perturbatively (many people worked on this)

e We can therefore renormalize quark mass via Zs(u) and/or Zp(u)

* This was a huge progress in particle physics thanks to LQCD



Nonperturbative
renormalization

* Matching to MS scheme is done perturbatively

e We can therefore renormalize quark mass via Zg(u) and/or Zp(u)

* This was a huge progress in particle physics thanks to LQCD
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Nonperturbative
renormalization

S

 Fixed gauge (Landau) Gi(xlax%x&xél) — <fl\1($1)§2(ﬂ32) Oi(O) 6/1\3@3)54(334)}
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e Easily extended to four-quark operators, except that the procedure becomes extra-involved due
to mixing of all d=6 PC operators.

* Good news: method allows us to compute subtraction constants too!
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By using suitable Ward identities, we show that it is possible to compute K'-K°
mixing without subtracting the terms generated by explicit chiral symmetry

breaking present in Wilson-like lattice actions. The accuracy in the determination ZZ:}: (I _|_ A:l: ) l] F;I:k ( p) — ZZ:}: ( I _|_ A:I: ) l] TI. { A;I: ( p) Pk:;I: } — 5 ik

of the amplitudes is of O(a), which is the best one attainable in the absence of

improvement. p2 — ,LL2 p2 — ,LL2

+(0
* Avoid subtractions by using VWard identity: compute matrix element of PV operator (with axial
variation) to get the desired result

e Using maximally twisted QCD avoids subtractions altogether. The overall renormalization

constant should still be computed [RI-(S)MOM]



Ne=2+14+1

Ne=2+1

Nf=2

e We can therefore renormalize four-quark AF=2 operators via Zg (u)

* RGl is done perturbatively
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Working with Guido...

. . . &/ L]
* Guido respects students - discussions stop when a student knocks on the door and

wants to ask a question... Professor is Present

e Guido has a rare talent to inspire people and share his contagious passion

for physics: young collaborators are convinced that they are doing something of great

importance for science

* Guido is bursting with ideas... motivating factor for his environment

e Guido has a pronounced critical attitude and loves challenging other people’s ideas

e Guido spontaneously attracts collaborators and makes them be/give their best

* Guido is a leader; but also a good friend, generous and caring...
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*Guido is a larger than life person who happens to be a brilliant
physicist, but also a caring person - who loves/enjoys life,
passionate about art and history, about travels and who is
dedicated to his family, his Giovanna/Lorenzo, his Nanie...

*Retired? Not really ;)



*BUON COMPLEANNO



