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Introduction

Motivation

e Precise measurement at the B factories Babar and Belle

Renormalization effects of QMM in SM are small
2

W decay into quark pair: 29 =0 <O‘ mb) ~ 107°

T M2,
e Renormalization of QMM conceptually interesting
Possible guideline for other mixing matrices in extensions of the SM

Desirable properties of a renormalization condition for the QMM

e Gauge independence of the renormalized QMM and physical matrix elements
e Unitarity of the renormalized QMM

e Physically motivated renormalization condition,
where all quark generations should be treated on equal footing.

e Smooth limit for physical matrix element in the limit degenerated quark masses
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QMM in the Standard Model (SM)

Appearance of QMM in SM:

~/L ~d R 2 (7L R |, R L = _L R
\Q; Gz’jq)d;', — Ty (di d; + d; dz’) - V2 My sw (uz ¢+’md,jdj ) )

>
Yukawa interaction

.~ . € _ = _
iQIp,QF — i o (u,% Wtdk +dbviw ug).

Kinetic term

Natural choice for renormalization condition:

W+ — wd,; or i, — W~d; (for top quark)
Unstable particles: Unsolved problem, will be ignored in the following.

Unitarity of the QMM:
Physical parameters: 3 angles and 1 CP-violating phase
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W-boson decay W' — u,d;

Matrix element to W — w;d;:

o — e _
Mij = ZZFW L = gt pw)w-0(pa).

a=1o0=

Fl_ — V"‘(S 1—|‘5Fct_|_5v

Explicit 1-loop calculation in dimensional regularization:

loop

= Divergences in §F___ VT = hermitian

OOp,

Unitarity of QMM vyields §VVT = anti-hermitian

Decompose counterterms in a hermitian and an anti-hermitian part:

OF VT = <5Zw + % — is—w) + % {62620 + v [§240 624 vy
- W
hermitian
+% {[6Zz°Y oz )] +V [6z4 524 VTY .

anti-hermitian
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Proposals for renormalization conditions

e Denner,Sack’90:
Counterterm for QMM guided by UV divergences:

5VPS = —% {[(6Z2"")T —6Zz%H |V +V [624" — (6290)1] ).

Problem: 6V and matrix element for W+ — uiaj is gauge dependent at 1 loop!
Gambino,Grassi,Madricardo'98

e Gambino,Grassi,Madricardo’98:
Same 0V as in Denner-Sack scheme but with field renormalization constants

o7/ AL fived at zero momenta via
_ L _

- Gauge independence of QMM shown only at 1-loop level.

2

- 2 —
Remark: Appearance of terms o< 1/(m, ; — m ).
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° MS SCheme: Balzereit,Mannel,Plimper’'99;Pilaftsis'02

- 1 - - - -
syMS L -5 { {(5Zu,L,MS)T B 5Zu,L,MS} ViV [5Zd,L,MS B (5Zd,L,Ms)q } .
- Fully consistent, yields gauge-independent results.
- Results depend on unphysical renormalization scale.

Remark: Physical matrix elements include terms o 1/(m(2]i — mgj).

e Diener,Kniehl'01:

QMM counterterms from difference to reference theories with no mixing;
restore unitarity of QMM in a second step
- Renormalization procedure worked out only at 1 loop.

e Zhou'03:
Renormalization condition for QMM:

0V = —0F., — corresponding loop contributions.

Restore unitarity in a second step.
- Only proposal, leaves many questions open
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e Denner,Roth,Kraus'04:
Physical renormalization condition for QMM
- Fully consistent and fulfills all desired properties
- Renormalization condition equivalent to the one of Zhou
- Detail discussion of restrictions of symmetries on counterterms
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Gauge-parameter dependence
Kluberg-Stern,Zuber'75
Extending BRS symmetry by BRS-varying gauge parameter &: Piguet,Sibold'85
SersE = X, sgrsX = 0, Y = constant ghost field.

X Is a constant ghost
=> Gauge independence of physical matrix elements is proven. Kummer'01

Requirement for BRS-invariant counterterms:

Sgrsl ot = 0

Parameters of QMM have to be gauge independent:

! 0 0 0 0
O ; SBRS (59718—971]?(:1) — <SBRS59n>a—9nFC1 + 69718—97% (SBRSFd) = X(ag(sen)a—enrcl

= Parameters of QMM are gauge independent (0¢06,, = 0).
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Restrictions from SU(2);, gauge symmetry

Global (spontaneously broken) classical SU(2)y, invariance:

rig, I __ _i L rig -1, __
rig JI, __ rig 7l __ _ i =L
Further restrictions on counterterms: oUel = (a =+, —, 3).

1. Relates field renormalization of left-handed quarks:
ab = (1+0o00) abdb s (14 VI V) b et
i ij
2. Requires extension of d6,, by field renormalizations: {55*‘%,(56’”%} =0

w00, |2 L | Fa.
Fee =00 aen+2/dx< aenv’“ﬂ+etc>] |
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Available counterterms:

V:ij — V:ij + 56/}189” 59

ub — Z5H(Eul = |1+ 021(0) + 300,(95, V)V } ul,
df — ZGH©)dy = [1+ VIOV — 500, V1(@0, V)]
etc.

Classical SU(2) invariance yields the Denner-Sack prescription:

3V = 060,06,V = —5 {[6Z"H©)! — 62" O]V +V [171(6) - (17 (0)]}.
Consequences:

e Physical parameters of QMM 60, replaced by §Z4E(¢).
e Gauge dependence of §Z%4(&) restricted by gauge independence of §6,,.
o Need full freedom in §Z%%(¢&), §Z9L(&) for on-shell conditions:

0
Fquj (m?]j) = 0, 8;55 qij( ) = 04j-

= Not enough freedom in gauge-dependent part of §Z%L (&), 6291 (¢)
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The Denner-Sack prescription together with a complete on-shell scheme
induces an artificial gauge-parameter dependence in 46,,.

= Violation of the extended BRS invariance

= Artificial gauge dependence of physical matrix elements

Extended BRS symmetry & SU(2)r, symmetry in its classical form &
complete on-shell conditions are in general not possible at the same time!
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Finite field redefinitions

Introduction of finite field redefinitions:

dy — Ry = (654 01 ")d5

3 J

done everywhere, in effective action, BRS and SU(2)r, symmetry.

e Does not spoil symmetries.

o R™ appear explicitly in SU(2)y, transformations:

rig T, i ~ pfin gL rig -1, __
rig gL __ rig 71, __ i ~Ly/ finy*x—1

= SU(2)1, symmetry is renormalized!
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Available parameters for on-shell conditions:
Vii — Vij 4+ 00,00, Vij,
uk— ZEME)uk = |1+ 30 (€) + 300,(00,VIVT| ub

1] J

db — Z5M(€)dk = [1+ VISV — 360,V1(9s, V) + 01 (0)] b

v i 77
etc.

= Enough parameters in §Z%5(¢), 6291 (€) to fulfill on-shell conditions!

Denner-Sack prescription replaced by

_ { (62" ()T = 62" M(©)] V + V [6245(¢) — (6250()T])
+§v GR™(&) — (SR™(€))T].

= 06,, have to be fixed by an additional renormalization condition.
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Physical renormalization condition

Use matrix element of W decay W+ — u,d;:

2
o o - 6 —
My = DD FlMiy, Mg = =5 —alpudpw)w-o(pay),
a=1 o=+ W
F = V46V +6Fy+0F,, .

Decompose I into a hermitian and an unitary part:
F. = HY, H'=H, Y'Y =1.

Physical renormalization condition:

Y=V o F =HV

The unitary part of the form factor F| does not receive quantum corrections!
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This renormalization condition leads to

5V = —% {62V =62V + Vv [§241 — (§244)1]
lr. B
_5 {5Floop,1 o v((SFloop,l)Tv} )

Renormalization condition fixes N2 = 9 parameters of a general unitary matrix,
but QMM has only (N — 1)? = 4 physical parameters.

Need in addition the 2N — 1 = 5 unphysical phases for field renormalization of the
quark fields which are not fixed by on-shell conditions.
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Summary and conclusions

e Extended BRS symmetry rules gauge-parameter dependence of counterterms
and physical matrix elements.

= Counterterms to QMM must be gauge-parameter independent.

e Extended BRS symmetry & SU(2)r, symmetry in its classical form &
on-shell scheme are in general at the same time not possible!

= Using an on-shell scheme, the mass eigenstates of the quark fields
are not the original "SU(2)y,-symmetric’ quark fields.

= New mixing parameter (finite field redefinitions) appear in the
SU(2)1.-gauge transformations.

e Physical renormalization condition based on physical matrix elements to

Wt — u; dj, u; — W™ (_].j (fOI’ top quark).
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Available parameters to fix 0V

Not all parameters of field renormalization fixed by on-shell conditions:

IR ZERRGE el el get/s,

unitary hermitian

Quark mass diagonalization:

Ty = / d*z< ia"(H™ L)THu FPut 4 at (HY) (U L)TMdlagUu Rpw RuR—I—etc}.

fixes hermitian part

fixes unltary part
up to unphysical phases

= Unphysical phases from a common complex diagonal matrix in U%L/R
not fixed by on-shell conditions!



M. Roth, MPI Munich September 2,2004

Unphysical phases from common complex diagonal matrix:

U%—’L/R — eiégﬁ-qj?L/R = (eiz"r]:[:_Ol cp%Tgiag) (7]37.L/R.
’ ¢ ik Y
Redefinition of QMM by unphysical phases p%:
V e—i(sDB—soS)TSiage—izg;f @%TﬁiagveiZnN;f @%Tﬁ“ag’ Ties _ \/%
= 2N — 1 = 5 unphysical phases available to adjust 0V
9 [= N7 free parameters to fulfill renormalization condition for §V .
—5 [=2N —1] unphysical phases from field renormalization

=4 [= (N —1)? physical parameters of the QMM

= Enough free parameters to fulfill renormalization condition for oV.
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Physical renormalization condition of the quark-mixing matrix!

e Introducing additional BRS transformations for the gauge parameters:

= Physical parameters of the QMM are gauge-parameter independent

= Physical matrix elements are gauge-parameter independent Kummer 01

e Using the extended BRS symmetry and an on-shell scheme for the quark fields:

= SU(2)1 symmetry has to be renormalized by gauge-dependent counterterms.

= Denner-Sack prescription violates extended BRS symmetry yielding gauge- Denner,5ack’30

dependent results

e Physical renormalization condition based on physical matrix elements to

Wt — u; dj, u; — W™ dj (for top quark).
with the properties:

— Gauge independence of the renormalized QMM and physical matrix elements
— Physically motivated renormalization condition,
where all quark generations are treated on equal footing.
— Smooth limit for physical matrix element in the limit degenerated quark masses

IMore details can be found in Phys. Rev. D 70 (2004) 033002 (hep-ph/0402130)



