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*Flavour physics play an important role in search of new
physics, AF=2 transitions of particular relevance for constrains.

*Most general AF=2 weak effective Hamiltonian can be written
In terms of

—

- - A + + + + +
Parity even: Qi € {Qvy aa Qvv_aa: Qss_pps Qssipp Qrrs

' © + + + + +
Parity Odd'Qk < {QVA—|—AV7 Qva—av> —Lsp_ps Lspipsr g

\Where, Olj“EXFy = — [(1 DT x2) (¥sTy ) £ (2 5 4)]
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*Flavour physics play an important role in search of new
physics, AF=2 transitions of particular relevance for constrains.

*Most general AF=2 weak effective Hamiltonian can be written
In terms of

—

- - A + + + + +
Parity even: Qi € {Qvy aa Qvv_aa: Qss_pps Qssipp Qrrs

Parity odd: o ¢ {Qi £ OF

+ +
VA+AV> QVA—Avv _QSP—P57 QSP+PS7 117’

N | —

- *Where, Of r, = [(¢1TX¢2I(¢3FY¢4) £ (2 > 4)]
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Introduction

*For regularizations which preserve chiral symmetry, the
operator mixing pattern is [Domini, Geménez, Martinelli, Talevi, Viadikas. '99]
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*For regularizations which break chiral symmetry, the
operator mixing pattern is [Domini, Geménez, Martinelli, Talevi, Viadikas. '99]

PE:[QF,Q5.Q5.07.0F  Po: [of]los. ofllot. of

In practice, the PE operators can be studied through
- tmQCD at maximal twist
- Ward Identities relating correlators of PE to PO

In both cases, one only needs PO renormalization.
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Introduction

*For regularizations which break chiral symmetry, the

operator mixing pattern is [Domini, Geménez, Martinelli, Talevi, Viadikas. '99]

PE:[QF, QF,Q5.07.QF PO |offlos of et o

In practice, the PE operators can be studied through
- tmQCD at maximal twist
- Ward Identities relating correlators of PE to PO

In both cases, one only needs PO renormalization.

QI_L [Palombi, Pena, Sint, '06] Q;t, Qét, Qit’ QBi [Papinutto, Pena, Preti, '14] |

[Guagnelli et al., '06]
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\i «Scale evolution has been studied in the SF
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Introduction

*Here we want to renormalize the PO operators
using the xSF.

[ Q1 [ Zu O 0 0 0 [ Qi1
op 0 299 Zo3 0 0 \ Qo
Qs 0 Z32 Z33 0 0 Q3
Q4 0 0 0 244 Zy5 Q4
\ Q5 }R \ 0 0 0 Zsu Zss ) \ O }
*The plan is:

.- Automatic O(a) improvement:
No need for operator improvement.
N Simpler correlation functions:
\ 3 point instead of 4 point.
v - Build schemes where LO and NLO evolution is closer.

N\




Few words on the ySF

*Obtained through a chiral rqtation of the fields in the SF
Y — R(a)y R(a) =57 e/2 o =m/2 [Sint, '06-'10]

Y — PR(a)
«xSF boundary conditions

~

é+¢ |x0:O — é—¢ |x0:T =0 Qi =
@@4— |a;0:O — E@— |$0=T =0

(1 £iv07y573)

DO | —




Few words on the ySF

*Obtained through a chiral rotation of the fields in the SF

Y — R(@)y R(a)=e™7? a=m/2 [sin 0610
Y — Y R(a)
v SF boundary conditions
Q1) o0 = Q-1 o= =0 Qs = % (1 £ iv07Y573)
EQ\/-F |g;0:0 — E@— |$0=T =0
Implements in the SF the mechanism of auto O(a) - G-k
Improvement in terms of 5
Improv | Ps o p { () = 0T Y (F) ‘\

Y(x) = —P(Z)ivoysT?

~

T = (xg, —X)

\i Oeven — 0O(1), O(a?), ...

Oodd =™ O(a), O(a®), ...
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Few words on the ySF )
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*After renormalisation and O(a) improvement of the boundaries,
Ps even|observables are free|from O(a) effects.

—p T Zf —> d, ¢

eStudied In PT sint, viaseca ‘12147, qUeNched [Gonzélez Lépez et al. '13]
. . [Leader, Sint, '10]
and with 2 dynamical quarks jpaia srida, sint“14-15]

Implements in the SF the mechanism of auto O(a)
Improvement in terms of
g Ps o { $(@) > iy TH(@)

Y(x) = —(Z)ivoysT?

3 T = (ZE(),—X)
Oodd =™ O(a), O(a®), ...
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4-f correlation functions @ '

*\We start wih the matrix elements of the parity-even operators
In the standard SF.
In general, there are 2 types of correlations:

Type A: Type B:
4 |~ 1 4 1
e =1
Fa(zo) = (021 Q'#31023) Fr(x0) = (O21Q1432043) '
K 4 (o) = % ;<0,;21Q12340g3> Kp(zo) = % %:<O;21Q123407i3>

\
3 *Boundary operators:

\L \ O => Gi(y)1sP-Ca(2) O = > G(y)wP-Ca(z)

\
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4-f correlation functions

*Next, we perform the chiral rotation to the ¥ SF.
*\We consider the flavour assignments: (not unigue)

leS_a f2:d7 f3:8+7 f4:d,'

The rotation Rotates like an up-type quark
Y — R(m/2)Y o — YR(7/2) R(a) = e /2

Maps parity-even to parity odd:
Qli . _Z-Qil:,s_derd’
i . in N _Z-Q;F,s_ds"'d’
\{ Q?:)lz N _Z-Q;F,s_derd’

. ~dstd’
Qi: —ZQZI:’S ds™d
T

\
N\ = — —19:
‘\




4-f correlation functions

«Correlation functions in the ¢ SF:
Fz(x0) N Gz(xO) — <O;ds_ Qf_d8+d,0g,8+>

1 /g — - / ’
Kz(xO) — Lz(xO) — § Z<Ok3ds Q;S dsTd Og s+>
k

o




4-f correlation functions

«Correlation functions in the ¥ SF:
Fz($0) N Gz(xO) — <O;ds_ Qf_d8+d,0g,8+>

1 /g — - / ’
Kz(xO) — Lz(xO) — § Z<Ok:ds Q;S dsTd O]Ccl s+>
k
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4-f correlation functions

«Correlation functions in the ¥ SF:

Fz($0) N Gz(xO) — <O;ds_ Qf_d8+d,0g,8+>

"ds~ ~s dsTd’ st
D A0 QT oreT)

k
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4-f correlation functions

«Correlation functions in the ¥ SF:

Fz(xO) N Gz(xO) — <O’5ds_ Qf_d8+d/(’)d,8+>

5)

1 / — — / /
Kz(xO) N Lz(xO) _ § ;<Okds Qf dstd O}cj s+>
‘Renormalized as: *Boundary field renormalizatio ‘\
Gilg = 2,246, can be reToved with:
. 91]r = A [9\7
\Lilr = Z:Z; Li g = Z 1

L\ - > |




Renormalization conditions P
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*For imposing renormalization conditions, we consider matrix
elements of the form
G; L

i = - L; = : <1
Y Mo B, N(a,By) *THT7
o R Ll IR LG
| 9 [y 9 %
Nl B7) = [Tn] [ﬂ_@] | |;©
g1 1 _9‘7 | _l‘7 |
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*For imposing renormalization conditions, we consider matrix
elements of the form
G L;
i = - L; = <1
%= M. B.) N(a.gp) @0+

2(1—a—pB—")

N
9v ly

© 1(0)
9% L

g1 i I
./\/‘(047/677) — [ (0)] [l(o)
91 1 i | R

*\We impose renormalization conditions:

«Operator QI—L ‘Operators  QF, Ox, QFf, OF
[ o e
© (222 Za3 _ (92 ['2) |
i\\ Zlﬁl:ﬁl Z = (232 233 ) A (QB ES /
Az

{' _\Klior a given scheme: fix all parameters !!!



Choosing a scheme

*A criteria to choose a renormalization scheme is to demand
LO and NLO evolution to be as close as possible




that define a scheme. ©
l.e.: o
(L U
Zl = f(avﬂav) G(O)
1
ORI g (b
fla,8,7) = aFs + 4= + 27— +2(1—a— S — 7)o
© 7(0) ©) /0)
\ 91 1 9‘7 v

|

\
+.*We obtain all universal leading order AD:

Choosing a scheme >\
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*A criteria to choose a renormalization scheme is to demand
LO and NLO evolution to be as close as possible

In perturbation theory, renormalization conditions read
A=AD + gAY +0(g5) 70 = _ 40 A©] fE

Z =29+ g32" + O(gp) — 1%

*\We can compute all Z factors as functions of the parameters_|




Choosing a scheme >\
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*The NLO anomalous dimensions can be obtained matching
to a reference scheme

SF r 1 1 o L
Y = A 4 [ et 70] + 280X 8 p + B Aﬁxigmref — 70Xy

_9 _9
IxsF = Xg(gret)Tres O = X sFret(grer) O
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Ly

*The NLO anomalous dimensions can be obtained matching
to a reference scheme

SF r 1 1 o L
Y = A 4 [ et 70] + 280X 8 p + B Aﬁxigmref — 70Xy

_9 _9
IxsF = Xg(gret)Tres O = X sFret(grer) O

*RG-evolution formally obtained by jpapinutto, Pena, preti. 06]

g(p2)
Upz, p1) = TGXP{/( | %dg}

Up2s 1) = [W(p2)] U2, i) Lo W (pa)
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Choosing a scheme |

Ly

*The NLO anomalous dimensions can be obtained matching
to a reference scheme

SF v 1 1 0 «
T = A+ et 0] + 280X 304 + B0 )‘ﬁxib)“ﬂref — 70Xy
—2 —2
ng'F = Xg (gref)gref O}C{SF = XXSF,ref(gref)O}éef
*RG-evolution formally obtained by papinutto, pena, Preti, 06]

g(p2)
U(uz,ul)—TeXp{/( | %dg}

Up2s 1) = [W(p2)] U2, i) Lo W (pa)

W(p) =147 (pu)J (1) + O(g")

l
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Choosing a scheme >\
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*The NLO anomalous dimensions can be obtained matching
to a reference scheme

SF r 1 1 o L
T = A+ et 0] + 280X 304 + B0 )‘ﬁxib)“ﬂref — 70Xy

_9 _9
IxsF = Xg(gret)Tres O = X sFret(grer) O

*RG-evolution formally obtained by papinutto, pena, Preti, 06]

g(p2)
U(M2,M1)_T€XP{/ %dﬁ]}
el Choose (a, 3,7)
- Ulpas ) = [Wp2)] ™ U(p2, 1) oW (i) | such that the

norm of J is small
\i W) =147 (p)J (1) + O(7")

\ |
\

o B 1
-\\'K J_ {%’J] _ 25370 2/8071
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Results

. For QF . we find schemes for which J = 0
Lt = H(® ——a=8=0.16378, 7=0
Ly = L7 —p a=p5=0, 7 =0.42828

*Convergence to the asymptotic value:

0.005

-t
=
S
o
S ™
o
o
o
o
o
o
=}

\ 0.000 0.005 0.010 0.015 0.020 0.025

(a/L)’

0.000 0.001




+ HhEt HEt HE : el | k. G e
 For 95,93, 97, Y5 , we are scanning parameters, looking | /%5
for appealing choices and discarding ugly schemes
l.e.:

(gi(@laﬁlﬁl) 51(042,52,72)>
QQ_(OQ,&,%) ‘C;(&%B%’Y?) 0=—015

(a1, B1,m1) = (0.014,0.264,0.657)
(042,52,72) = (095,005,0) \‘*\l.

*Running Iin this scheme:
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« We have prepared the ¢ SF for the study of 4-quark ops.

* \We wanted:

e Automatic O(a) improvement
« Simpler correlation functions
» Schemes with small NLO anomalous dimensions

*The overall strategy seems to work. We want to study
further the different possibilities for building schemes.

\{ -Non-perturbative study ready to go (see Dalla Brida's talk)
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Oh well, that was the story !!!

Thank you very much !!!
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