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@ By (SM)

9 cx & BK
@ mixed (fm-OS) Wilson action:
O(a)-improved calculation without
unwanted mixing operator under renormalisation
o Calculation & Results
@ K% — K9 beyond SM
@ set-up
@ Calculation & Results (Preliminary)

@ Conclusions
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Generalities
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@ ¢, measured experimentally fo sub percent precision; constrains the apex
of the CKM UT

@ By - bag parameter which parametrizes the strong interaction effects in
the neutral K oscillations
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Generalities

@ Define [Ks,.) = [(1+ DK F (1 - 2)KY)]

1
V201 + [€%)
_ 2n4— + 1Mo A(K — ='n))

@ Experiment:ex = ——— 2 with ny=">—— —*
(o] €K 3 Mij A(Ks — 7rl7rj)

Im M, ibe o Im My
+&|] = ek = €?singe + £
AmK AmK

@ Re(ex) = Re(E) = cosqbgsingbe[

brl w
B ., Amg <= experiment a : - - ad
B ImM,, ,& calculated in SM K ) v *a@?ﬁm{ K
s w H

KK oscillation in the SM
&% [ Im Mo
V2 L Aamg

Q@ & ==r. ] ke = 0.94(2) (uNtil 2008, k. = 1)

(Buras & Guadagnoli, 2008; Buras, Guadagnoli, Isidori, 2010)
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Generalities

@ Calculation using the effective hamiltonian

My~ (KOHE=21K®)

= C(u)(K%| (3~ d)(3v,,d) [KO)
Q)

@ M= k. C. By |Vep|2A27 x
(IVeblP(1 = P)niSo(Xt) + netSo(Xe, Xt) — neeXe)
@ &% —2237(7) x 10-° 2 By —0.87(8)

(V. Lubicz, LAT2009, 1004.3473)
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evolution of B lattice estimate

B 1996 — 2009: o, ~ 18% — 4%

B fension of ~ 1.50 between lattice and

By
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Bx & Wilson fermions

B Due to Wilson term (and loss of chirality) By calculation is
characterised by:
0 O(a) discretisation effects
9 Complicated renormalization pattern

B Cure (2) using
@ WI and 4-point correlation function
(D. Becirevic, P. Boucaud, V. Gimenez, V. Lubicz and M. Papinutto,
Eur.Phys.J. 2004)
@ combinations of Wilson quarks with various combinations
of twisted angle
(ALPHA coll, P. D., J. Heitger, F. Palombi, C. Pena, S. Sint and
A. Vladikas, NPB 2006)
B Cure (1) using
@ Symanzik program and include dim-7 counterterms —
large uncertainties
@ Mim QCD

B Cure both (1) and (2) employing
@ Mim QCD & Mixed action
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Bk by ETMC :
an O(a)-improved calculation with

simplified renormalisation pattern

in collaboration with:
R. Frezzoftti, V. Gimenez, V. Lubicz, F Mescia,

GC. Rossi, S. Simula, M. Papinutto, A. Vladikas
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Mixed action (Frezzotti-Rossi, JHEP 2004)

1Sy
S= S\/M'\m + e + 598 + Sgh,valence

1, sea gy ,valence

with Mtm N¢ = 2 sea action:
S, =y P(x) (76 — ivs T3 Wer + useo) P(X)
X

and Wer = _grv*v + Mer(r)

Using the non-anomalous chiral tfransformation for the light sea doublet
¥ = exp(inysTs/A)x ¥ = xexp(imysTs/4)
pass from the physical to the twisted basis
Sea =" Z x(X) (’Y@ - Wer + f’Y5T3Msea> x(X)
X

Mtm version of Wilson fermions enjoys desired chiral properties (for the charged

pion) due to the chirally rotated W, wrt quark mass.
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Mixed action (Frezzotti-Rossi, JHEP 2004)

Valence action g la Osterwalder-Seiler

ngs,valence = OA Z Z C_Jf(X) (’Y6 - i'75 Ie Wer + l"f) Qf(x)
X f

a
and Wer = —EV*V + Mcr(rf; fsea)

gr are single quarks with chiral fransformation: gf = exp(in'y5rf/4)q;.
@ isospin restoration
@ O(a?)-unitarity violations

Partial Quenched set-up: (g1 =d, gp =5, gs =d , g4 =5)

@ Mgea = Ml = M (r; = £1; 1)
0 0 cr o v

_ d
sea = T

s :—fd/:fd:ﬂ:]
sea

° Héea :/‘gﬁ,a = Hd = Ha’

] s = Iy =41

] Hs = [y
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Calculate the 3-point correlator

Cygx(Z0 — %0, % — Yo) = D (A 58 )lx Qv 7aulz (As9)ly)

X,z2,y

with the 4-fermion operator

Q8572 = 21 ) E 7. ) Eru5A)E 115 )1 )E 1 A E 115 s d )}

@ o =d s (-ry =1y =1) (tm-like)
ox =dyss  (lq=rs=1) (OS-like)

B At maximal twist

@ O(a)-improvement of ME
@ Continuum-like
renormalization

i.e no operator mixing
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Rp =

X<<H<K Yo
—

3 Cx k(20 — X020 — Vo)

[with xo —y T]
0 — Y0 — &
C(20 — %)C (20— o) 2
CK’QK(ZO —X0,Z0 — Yo)
(PkrAo)(20 — X0)|™ (Ao®k)(Z0 — Y0)|°S
(KIQ9v3aalK) [ 4 ]
(fer My )™ (femy )OS “ 2y Za

@ W 0ol w ool

o

K

@ my —my = 0(a?)

@ Factors e "Mk (@=%) gnd e=M«(T/2=2+%) cancel between

numerator and denominator.

@ Same for factors my, and my
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Simulation Data

8 a4 xT) Ousea = Ay Qaun Nmeas
3.80 24°% x 48 0.0080 0.0165, 0.0200, 0.0250 170
(a~0.10fm) “ 0.0110 ” 180
3.90 243 % 48 0.0040 0.0150, 0.0220, 0.0270 400
(a ~ 0.085 fm) “ 0.0064 “ 200
0.0085 “ 200
0.0100 ” 150
323 x 64 0.0040 “ 160
“ 0.0030 “ 300
4.05 323 x 64 0.0030 0.0120,0.0150, 0.0180 200
(a ~0.07 fm) “ 0.0060 “ 150
“ 0.0080 “ 220

280MeV < MES < 520 MeV ML 2z 3.3

450 MeV < ML < 670 MeV
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Signal quality

8=390 au,=0.0220 B=390 (aps = apisea = 0.0040, apy, = 0.0150)
——— 0.80 —_—
0.74 | | ape = 0.0040 —e— 1 L=24 —o—
072 L apy = 0.0085 | 0.75 | L=32 —e— |
B [ ]
0.70 | , o L |
T 068 1% ;] ©
S ° ® § (65
= 066 | 1 = U % |
Pl g
S o064t f ¢ 1 % geol i% iiﬁﬁ 1
0.62 | i T - U , ﬁ
060 %955 ,500008° 0.55 |- E p
60 i
0.58 . S S S S o 0.50 . . . . . . . . .
0 2 4 6 8 10 12 14 16 18 20 22 24 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
z0 2a0/T

o B?are(L = 24) = 0.585(5)
VS.
Bt‘%are(L = 32) =) 0.592(5)

@ Typical error of bare
By ~0.5—-12%
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tm vs. OS: O(a?) discr.

Anr (g, 17,)

B Aw = MR - VTP

0.000 0.001

Ap (g, 1)

0.002 0.003 0.004 0.005

(afo)?

0.05

0.00

-0.05

B Ap= [ - Fm)

(afo)?

B calculation af (pj, uf) (fixed for all 3) renormalised g-masses & in fy units.
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Renormalization Constants

@ RI-MOM method

I ZROL MYy ZROIL(M2)  Zy(M1)  Za (M2) Z, (WI)

3.80 0.591(18)  0.616(11)  0.746(11) 0.727(07) 0.5816(02)

3.90 0.617(10)  0.633(06) 0.746(06) 0.730(03)  0.6103(03)
4.05 0.693(10)  0.694(06) 0.772(06) 0.758(04)  0.6451(03)
o (M1): O(a?p?) fitted. o (M2): O(a?p?) not fitted.
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4-f RCs: valence & sea chiral limit

@ GBP subtraction

Fo (1, Mps; P°) A+ Bu+ C/IMEY for Op-

Fo (1, Mps; P°)

A"+ B+ C' /(M + [MISI?) for Ops

GBP subtraction & Val. chiral limit Seaquark chiral extrapolation
1, 70.0030 B=4.05 N=2 Tlsym V=24’x48 (B=3.8, B=3.9) and 32°x64 (B=4.05) valence -limit: 1,,=0
T A B 0.52— - T - T
L e (=38
09/ =3.9
134 — FtM(uM gp)=A+B+CIM’ L * B, B
— cPsibiiated T ” 050 = p=a0s
g 0481
3 = 1
8T S 0461
o e
1l S»
N§ = o044
- L
= 13 N
= 042
0.40- B
128 - L
Il Il L L L L L L L L Il Il 0.3 L L L
04 06 08 10 12 14 16 218 20 22 24 26 28 0 5)(10—5 1)(10—4 2)(104
2
(raMog) (ahgy)
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4-f RCs:

9 7, vs. (ap)?

Residual (ap)’ effects: linar fit p*-dependence of the O(ag")-corrected RGI Z,,
N;=2 Tlsym B=4.05 V=32'x64 p_ =0 =0 X-limit: p =0 p =0
———
= =38
= B=39
E + B=4.05
] ?g TIILT IR
g E g
€d 1 =]
N on = N E} iiii%iﬁ%
055; é {E ii
s ]
055; . . . | | ’f 05 T R N SO A R RPN R NP O R
0 05 T 15 2 25 B0 02 04 06 08 10 12 14 16 18 20 22 24 26 28
2 2 2
p°a (ap)
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4-f Renormalization Constants

@ Operator Mixing
=4.05

el I L B e 1 B S B e el o L B L B N B R B B B B U I
01 J o1 01
0.05 12 0.05 e — o005 005 15
) 0
005 005
Lo I 3 01
Ll i R : SRR
0 04081216 2 2428 0 04081216 2 24 28 0 04 08 12 16 2 24 28 04 08 12 16 2 24 28
Bl B L B L e R o 7 B B B S e Rl [ B L B R \wwwww\.
01 A,
005 21 25
0 0
005 Joos 9
01 01
Ll Leteretrerd B Lelitind
0 04081216 2 2428 0 04081216 2 2428 0 0408 12 16 2 24 28 0 04 08 12 16 2 24 28
015 T 045 T 05 T T T 048 ““““““_
o1f J o1 J o1 w10 B
005 - 4 —o.05 3 — o005 — —
o 0
-0.05 - 0.05.
o1f 01 J o1 J o1 9
e NN Letatieird b1l
0 04081216 2 2428 0 04081216 2 2428 0 0408 12 16 2 24 28 0 04 08 12 16 2 24 28
el L L e R = A B B I e R 5 m
01 J o1
B 51
0.05 437005
0 0
005 Joos
01 J o1
L1l Lttt ind Lelotileld

i nmi
0 04081216 2 2428 0 04081216 2 2428 0 04081216 2 2428 0 04081216 2 2428
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“BRS™” at fixed (¢, h) q-masses

‘M1":R-MOM RCs with O(a?p?) fitted ‘M2’: R-MOM RCs with O (a?p?) not fitted
1.00 — . - - - 1.00 — - - - -

- 095t 4 ~ 095

= =

=090 | ¥ 0.90

=] g

= 085t 1 = 0.85

T 080 ] T 0.80

= 0t ] = 07

Sk <

a 0.70 1 Q 0.70 + 1
0.65 L— . . . . 0.65 L— . . . .

0.000 0.001 0.002 0.003 0.004 0.005 0.000 0.001 0.002 0.003 0.004 0.005
(afo)? (afo)’

B calculation af (uy, pf) ~ (40, 90) MeV.

@ cut-off effects: ‘M1: ~ 7% ‘M2 ~ 15%
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Bk @ (physical point & CL)

@ Two methods:

@ Use g-masses: need to know /g and ps at CL
() interpolate Bk to us; obtain By (ue, ts)
(i) extrapolate 1o /g — Bk (tu/ds ts)

@ Use pseudoscalar masses:
(i) interpolate By to a number of reference
pseudoscalar masses M2,
(i) extrapolate B«(M?,, M?2,,) to the physical point M2
(i) interpolate to M2 = 2M2 — M2 — By (M2, MZ)

@ Combined chiral + continuum fits
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Bk @ (physical point & CL)

@ SU(2) Chiral fit formula
(C.Allton et al, 2008; Sharpe & Yang, 1996)

2By 2Bgpe 2By
B , = B 1+b — e — lo
i (Huyas 1h) x (1h) (kn) 7 e 20272 A2
or
M? M2 M?
Be(Ma,Mpy) = B (M) |1+ b/ (M7,) =5 — —~-log i}
% f02 32#27‘5 /\%

@ Fit the discretization effects
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scale inputs for the physical point

@ Use 1y or fy for setting the scale

(calculated by a scaling analysis in the light sector)

— Verify the non dependence (in practice) of By (+— dimensionless quantity)
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Fits wrt g-mass (using scale from 1)

RI-MOM RCs with O(a?p?) fitted RI-MOM RCs with O(a?p?) not fitted
1.05 T T T T 1.05 . T T T
8 =3.80 8 =3.80
100 - B=390 —=— 1.00 =390 —a— 1
095 L f=405 —e— | 095 | B=4.05 —e— |
= el . &) & 3 .
5 0.90 | Blﬂ\f'l(u/d_ h) at CL —e— | 5 o | B[I\{( I(u/d, b} at CL &
g 5 & .
=3 0.85 = 085t
=080 w080 |-
S S
5 075 5 075 |
T ok
Ro070 b 1 8 o070} 1
0.65 | 1 0.65 | 4
0.60 . . . . 0.60 . . . .
0.00 0.10 0.20 0.30 0.40 0.50 0.00 0.10 0.20 0.30 0.40 0.50
(uf'/ fo)? 1B/ fo)?
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Fits wrt g-mass (using scale from rp)

RI-MOM RCs with O(a?p?) fitted RI-MOM RCs with O(a?p?) not fitted

1.05 1.05

1.00 1.00

0.95 0.95
0.90 0.90
0.85 0.85

0.80 0.80

BECI(1, s)
BRCI(1, s)

0.75 0.75

0.70 + b 0.70 ¢ 1

0.65 1 0.65 B
060 n n n n n L 060 L n n L L L
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.00 0.02 0.04 0.06 0.08 0.10 0.12
(ropl) (rouk?)
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Fits wrt pseudoscalar masses

and RI-MOM RCs with O(a?p?) fitted

roMpp, = 1.50 (~ 70 Mss)
105 : : ‘ ‘

F=380 — oss | BRESuds) e ]
100 | 5—3.90 1
—~ 095 | B=405 —e— | = 080 i
\E/ 0.90 | BEGI(u/d, h) at CL —e— | < 0.78 |
i 0.85 2 o1 o i
S 080 5 ombL—1 ]
2 =
[ (S =
gy 0 3 0.70 1
Q070 {5
' S o8 l
0.65 |
0.65 g
0.60 . . . . . . . MR- MR- M MR-
0.00 020 040 0.60 0.80 1.00 1.20 1.40 1.7 1.8 1.9 2 21 22 23 24 25 26 2.7 28
(roMge)? (roMpn)?
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Fits wrt pseudoscalar masses

and RI-MOM RCs with O(a?p?) not fitted

BECT(0,h) (M2)-(M2)

1.05
1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60

roMpp, = 1.50 (~ 70 Mss)

3—380 ‘ ‘ |
L 3—-390 —u
Br’;(,](u/d' h) at CL —e—
L /r///””#//ﬁﬂ/r/ +ﬁ
,/>//_/

0.00 020 0.40 0.60 0.80 1.00

(roMe)?

1.20

1.40

BEGI(u/d, k) (M2)-(M2)

0.83 | ‘ ‘ ‘ ‘ ‘ B",’SG"(u/d‘. s) T e

0.68 + g

0.65 + 4

1.7 1.8 19 2 21 22 23 24 25 26 2.7 28
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Bk @ (physical point & CL)

0.82

0.80 + RI-MOM RCs with g
O(a*p?) fitted

0.78 g
RI-MOM RCs with
0.76 | O(a*p?) not fitted

0.74 +

RGI
By

0.72

0.70 + -

0.68 ,

0.66

different scale input and calculation methods
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Bk © (physical point & CL): Result

BRC! — 0.733(29)(16)[33]

@ st error: (Bg-bare + Fit + RCs + scale input) uncertainty
@ 2nd error : due to the difference (up to O(a?) ) of the R-FMOM RCs.

An alternative counting for the error budget:

@ (By-bare + Fit) uncertainty ~ 2%
@ (RCs + scale input) uncertainty ~ 2.5%
@ “systematic” uncertainty due to R-MOM RCs ~ 2%

ing in the SM and beyond from 2 tmQCD



Bk world

N;=0

Y. Aoki et al. 2005 L@ DW *
ALPHA 2007 —@— ™ *
CP-PACS 2008 () DW *
ALPHA 2009 L@ T™M *
Ny=2

Y. Aoki et al. 2005 HEH DW
JLQCD -l oV
ETMC 2010 T ™ *
N=2+1

RBC-UKQCD 2009 ¥ S| DW *
Aubin et al. 2009 A DW/MILC*
MILC 2009 | MILC k3

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30

BF'GI
39
(*): Continuum Limit result

@ No significant dependence on Ny dynamical quark flavours!
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KO — KO oscillation Beyond SM

in collaboration with

V. Bertone, R. Frezzotti, V. Gimenez, V. Lubicz, G. Martinelli,
F. Mescia, GC. Rossi, S. Simula, M. Papinutto, A. Viadikas
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Including AS = 2 Supersymmetric Operators

The effective Hamiltonian takes the form:

Hae? Z Ci(w)O; + Z Ciln

B InSM case only O, contributes.

O = [B%(0=%)d%(0 -16)d% &1 = [l +95)d° (1 +5)a®]
0 = [ —75)d°IE°(1 - 75)d°] Oy = [0 +7)d°E°(1 +75)d°]
05 = [ —75)dPIEP(1 - 75)d° O3 = [0 +7)aPIEP(1 +75) 0]
05 = [ —75)d°E°(1 +5)d°]

05 = [ —75)dPIEP(1 - 75)d°

(Gabrielli et al. 1996; Bagger et al. 1997; Ciuchini et al. 1997,1998)

B Parity-even parts of O; and (5,' coincide.

LNF May 31, 2010 Petros Dimopoulos K in the SM and beyond from N; = 2 tmQCD



Lattice basis

B Parity even operators

oW = (31ud)(Evw.d)
oM = (Grd)Erursd)
O = (3%9)(Ers9)
0% = (3d)(5d)
O = (Soud)(Soud)
B Lattice basis
I} W &L @
Q oW _ 0AA
Q3 — OSS _ OPP
Q, 0SS 4 OFP
Qs or

ing in the SM and beyond from 2 tmQCD



Through Fierz tfransformation

0 = (OW+0OM)
02 — (oss + oF’P)

0y = (OS+07_ OW)(_%)
04 = (05— 0™

05 = (0% -OM)(-3)

B OS-setup brings to a continuum-like renormalisation pattern

o Z, 0 0 0 O o
O, 0 Zp 23 0 O 0,
Oy = 0 z, zz 0 O 0,
O4 0 0 0 Zy Zs o
Os 0 0 0 Zy Zs 05

REN

(Donini et al. 1999)
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(K°O01(1)IK)

(K02 (1) IK°)
(K°1O3(1) |K®)
(K% O4(1)IK)

(K05 (1) |K®)

By (1) (8/3)m2 12 = By(u) (8/3)mi 2

By(k) [%]2(—5@
By(1) [#]2(1/3)
Ba(i) [ms(ugniffnd |
Bs(1) [%] 2/3)
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B Avoid systematic errors coming from the quark masses:

construct appropriate ratios

2 KO|O(1) | KO
1= (), [(3),(3) s Gl ] 1

B Then

(ROHET2IK®) o< C1 ()R 1O (1) KO (1 + Z

.....

e (u) ')

(Donini et al. 2000)

B Up to now, only, quenched results published.
(Allton et al. 1998; Donini et al. 2000; Babich et al. 2006; Nakamura et al. 2006.)
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RCs matrix

B RCs matrix in the lattice basis

0.420(15) 0 0 0 0
_ 0 0.488(14)  0.201(09) 0 0
ZMS26V (3 — 3.80) = 0 0.024(02)  0.248(12) 0 0
0 0 0 0.290(10)  —0.012(02)
0 0 0 —0.178(09)  0.572(15)
0.438(08) 0 0 0 0
_ 0 0.503(08)  0.200(06) 0 0
ZM5726V (3 — 3.90) = 0 0.025(02)  0.271(07) 0 0
0 0 0 0.313(07)  —0.012(02)
0 0 0 —0.206(06)  0.595(09)
0.491(07) 0 0 0 0
_ 0 0.550(08)  0.216(08) 0 0
M5 20V (3 — 4.05) = 0 0.026(01)  0.296(07) 0 0
0 0 0 0.345(05)  —0.010(01)
0 0 0 —0.275(08)  0.663(11)
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Ri—2. . s: signal quality at g = 3.90

3.90 3 =3.90
-14.0 26.0
(a1, apr2) = (0.0040,0.0150) e (a1, apiz) = (0.0040,0.0150) e
-16.0 — 240 —
I .
-18.0 s . — 220 ]
21 ! .
200 . ] ~ 200 ]
- ! 5 t
£ 20 ] £ 150 .
£, <
24, 1
0 : 16.0 i . E
260 | 1 — .
14.0 , LT ]
-28.0 ] et
12.0 ,
-30.0
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
To To
5 =390 5 =3.90
55.0 . 20.0
(a1, ap2) = (0.0040,0.0150) e (aprn, aprz) = (0.0040,0.0150) e
50.0 18.0 s
50 | 1 16.0 ,
. —~
i
S .
40.0 T 140 ,
i H &
i .
35.0 ! L 120 : . ,
s .
Fraoe : e, PR
30.0 10.0 q
4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
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s for 3= 3.80,3.90,4.05
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B, s for 3 = 3.80,3.90,4.05
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Results (preliminary)

fit function wrt M2, i <O> fomR-method  —~2"> fom B-method gYs—2Gev
<O > <O >

quadratic 2 -14.3(0.8) -16.6(1.6) 0.520(39)

3 6.9(0.5) 8.4(0.7) 1.308(83)

4 25.4(1.7) 30.23.2) 0.786(48)

5 5.400.4) 6.5(0.7) 0.504(53)

linear 2 -13.1(0.4) -16.6(1.2) 0.519(18)

3 6.3(0.2) 8.4(0.4) 1.304(41)

4 22.90.8) 29.8(2.5) 0.775(24)

5 4.80.2) 6.400.5) 0.502(27)
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Conclusions

@ By (SM)
o O(a) automatic improvement
@ renormalisation pattern without unwanted mixings
@ ETMC result compatible with Bg-world
o Total uncertainty ~ 4%
(apart systematics by the dynamical strange degree
of freedom)

@ K9 — K% beyond SM
o all operators O(a)-improved and
continuum-like renormalisation pattern
@ good scaling properties
@ uncertfainties of the ratios 6R; ~ 5 — 10%

@ Calculation with 2+1+1 dynamical flavours already started
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Bckup: Fits wrt pseudoscalar masses

and RI-MOM RCs with O(a?p?) fitted - II

BECI(¢,h) (M1)-(M1)
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Bckup: Fits wrt pseudoscalar masses

and RI-MOM RCs with O(a?p?) not fitted - I

BECI(0, by (M2)-(M2)
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