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Quark Mixing Matrix
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UNITARITY TRIANGLE

One common parameterisation (Wolfenstein):
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UNITARITY TRIANGLE
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Lattice Input
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Lattice Input This talk
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) decay leads to determination of

#® Require precise theoretical determination f (0)

® Current conservation (D)=

su(3) flavour limit

® Ademollo-Gatto Theorem -> second order SU(3) breaking
effects in f (0)

® [Leutwyler & Roos: ]



a1t — 1 (0)

-0.016(8) (Leutwyler & Roos, 1984)
-0.017(6)(7) (Bedcirevi¢et al., quenched)
Af = -00090) (Dawsonetal,N; =2 DWF)
-0.025(4) (Tsutsui et al., Ny = 2 Clover)
-0.0161(561) (Preliminary RBC/UKQCD)

Improve on earlier studies by:

® Using N = 2 4 1 flavours of dynamical fermions
® Probing light quark masses

® Checking finite size effects



LATTICE TECHNIQUES

K — 7 matrix element

(e ()| Vul K (p)) = (pu + p) f+(0%) + (pp — 1)) F- (@), ¢ = (@ —p)*

Three-point function

Cro t,7,p) = Y e P TP (0|00(t)|Q(0)) QM) |V, (1) | P () {P(p)|Op(0)0)

L,y

Y

K(p) - m(p)



EXTRACTION OF FORM FACTOR
[hep-ph/0403217,0607162]

Extract scalar form factor

fola®) = f+(d®) + —— )

Mg

at oax = (Mmxg — mg)? with high precision via

R b — CiTl ¢ t; 0, G)CZK(t’,t; 0, 6)
) CKK<t/ t6 G)Czw(t/,t, (_)’, (_)")
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Q* DEPENDENCE

Construct second ratio
. CE™ (¢ t: 5" )CE(£:0)C™ (¢ — +:0
R(t/,t;ﬁ/,ﬁ) s é;( ( ’ 78 :@ ( ’ ) ( 7_))

Gl G0, 0O () CE e S
(e (p) = B (D))

emmer F(p',p)
where
/ i f+(q2) Ex(p) — Ex(p') ., o D f_(q2)
F0'o) = 32 (1m0 = £




Q* DEPENDENCE

Construct third ratio

Cougl ! piC Al

5 RSy e
HEBP0P) = e, 1 7, F)CKR(E, 45, 5)

(k=1,2,3)

to obtain

£(q?) = B B () (00 ) s U ER (D) - I = e
(Ex(®) + Ex(p") (0 =)k — (Ex () = Ex(5")(p + )i R




% Ny = 2+ 1 flavours of dynamical domain wall fermions

2 Iwasaki gauge action

B =213, L; =16, ames ~ 0.003, a = 0.121 fm, am,; = 0.04

a'mq Volume m [MeV]mK MeV]

0.03 0.632() 1=067.d)
0.02 [16° x 32 0.522(2) | 0.624(2)
0.01 0.401(2) | 0.575(1)
0.03 0.628(1) | 0.673(1)
0.02 0.521(1) | 0.621(1)

oo 124° X 64 3000 | 056601)
0.005 0,508 ) =50: 5691

For more details, see
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FITTING FORM FACTORS

¢ Construct scalar form factor:

fo(@®) = £+(¢*) |1 + ———£(¢®)

SR
e =i thie

2 Fit with a monopole ansatz:

fo(q®) = 1 _f(;g(;)MQ




fo(q?)

ams = 0.04, amyq =0.03, V=16° x 32 & 24° x 64, L, = 16

Ll .
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T\l

ms = 0.04, amyg =0.03, V =16° x 32 & 24° x 64, L, = 16

with without

fo(dmax) = fo(0) = 0.99911(6) fo(dmax) = fo(0) = 1.0198(301)

A 24x64 A 24x64
0.4 0.4 :
0.3 0.25 0.2 0.15 0.1 0.05 0 -0.3 0.25 0.2 0.15 0.1 0.05 0



16x32

24x64

0.4 1 1 1 1 1 1
-0.3 -0.25 -02  -0.15 -0.1 0.05 0

16x32
A 24x64
0.4 ' '
035025t 0 2 Do Ut 0.05 0
2
(aq)

52018

=0.25: 5 =0 28015, 0.1

00.03: f,(0) = 0.99911(6)
00.02: fo(0) = 0.99622(51)

00.01: fo(0) = 0.98725(272)




CHIRAL EXTRAPOLATION OF f4(0)

FO=1+f+Af
3 3

f2:§ 7TK_|_§HT]K

where

2
1 o ol M3
el B e Yo R

at the physical masses, f2 = —0.023
Af o< (mg —myg)” == Attempt two different extrapolations
At =0 E Bl )

Af
(Mg — M2)

RAf: Zza—l—b(M?{—l—Mz)



Af

B, ) Af = —0.0146(28)
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Af

e = ¢t Mi + M) Af = —0.0161(46)
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ALTERNATIVE FITS TO fy(¢°)

1. linear:
fo(q¢®) = fo(0) + a1¢”

&. quadratic:
fo(q*) = fo(0) + a1¢* + azq®
3. z-fit [hep-ph/0607108]:

1 ©. @)
fo(t) > Qg thQQ < tatO k
i o
% e =M L)
g% = o(tin) = Lot 0 to € (—00, 1)

to=t1(1—+/1—t_/t})
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1. LINEAR: fo(q2) = fo(0) + a1q”
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2. QUADRATIC: fo(¢?) = fo(0) + a1¢? + azq*
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3. Z FIT: f()(t) S ¢(t,t$,Q2) ZZO:() ak(t()aQQ)Z(tvtO)k
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4. POLE: fo(¢?) = fo(0)/(1 — ¢*/M?)
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COMPARISON
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Vas|

CKM(2006), KAON(2007)

Af = —0.0161(46)(15)(16) = f™(0) = 0.9609(51)
Using |Vis f+(0)] = 0.2169(9) from experimental decay rate:

Vus| = 0.2257(9)exp(12) ¢, (0)

0 VR s — 006 62

PDG(2006)/LR:

Vad2 + Vs |2 + [Vapl> = 1 = 6, & = 0.0008(10)



New Developments



LIGHT QUARK MASSES

New ensemble at m, 4 = 0.005
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LIGHT QUARK MASSES
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Global fit to K3 data

Usually we proceed by first fitting the form factor with a (eg.
pole) ansatz at each simulated quark mass
Sy
. 1 — g2/ M?

Then extrapolate the results to the physical masses
f+(0) =1+ fo+Af

Af
(MF — MZ)?

Rag = = a + b(My + M)



In an attempt to get as much information out of the lattice
data as possible, we attempt to fit the g% and quark mass
dependencies simultaneously

1+ fo + (m — m2)2(4) + Ag(m + m2))

1 0
Mo+ M4 (m%(—Fm?T)

where Ao, A|, Mo and M, are fit parameters and
3 3

f2:§ 7TK+§

1 2M % M2 M?
e 2 2 & Q
Hira = ~gizagg | M+ % + 3735 % (373

nkK




The g% dependence

The data points are the lattice results from all 4 masses
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of the 4 quark masses

Solid line: as above but for
the physical meson masses
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Preliminary Ny = 2 + 1result for

® agrees well with L/R result
® no obvious finite size effects
® small statistical error

® progress towards controlling systematics

Further Improvements

® Lighter quark masses (amg = 0.005)

® Another 3 — continuum limit

® Twisted boundary conditions — smaller ¢°



hep-lat/0703005

2

%¢ On a periodic lattice with spatial volume L7,
momenta are discretised in units of 27 / L

NA

¢ Modity boundary conditions on the valence quarks
w(ajk: = L) S ewkw(ajk)a (k o5 17 27 3)

/A

s¢ allows to tune the momenta continuously ﬁFT = / L

\ % 2 Ty
% to obtain ¢° = 0

= 5 {[Ef(ﬁf) — Ei(fi)]” — |(Ber,s +07/L) — (Frr,i + @/L)r}



TWISTED BOUNDARY
CONDITIONS
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