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Theorists View of K — v

FCNC processes strongly
suppressed in SM by loop
and CKM factors

Large sensitivity to short-
distance effects calculable
with high precision

Long-distance effects are
small and under theoretical
control

K; and K" decays would
allow a very accurate
determination of flavor
structure of SM and NP

SM
observable

B(KL — TT“L—"IT")
B(K+ — ?T+HL7)
Arg(B — X lT17)
B(B — Xsv)

B(B — X I1l7)
Arp(B — KWITIE)
B(B — (K*, p,w)d)
B(Bs — pu™u
B(B — K*I¥%)

theoretical
error

~ 3%

~ 6%

~ 8%
~110%

~ 13%

~ 156%

~ 25%

~ 30%

~ 3578

m
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Experimental Side of K — wvv

SM experimental

Because of neutrinos in observable error

final state challenging but

TE A ~ RO
not impossible to measure B(B — K*) 67

B(
(B — XS’T) ~ 9%
(B — K®[+-) ~ 13%

B
E391a recently improved B
B(B — X Tl7) ~ 20%

old upper limit from KTeV

on branching ratio of K, App(B — K®[H-) ~ 30%

E787 and E949 found three B(B — (p,w)7) ~ 40%
events of K consistent B(Kt — ntup) ~ 75%
with SM predicition Arp(B — XAi1; "

B(Bs — piqd W4 ?

Experimentally K; and K+ N -

! 3 0.
decays are in essence B(KL — pve)
unexplored up to now
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= power-like GIM
mechanism

= top contribution
dominant

= QCD corrections
small

= large CPV phase
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» charm effects

= top contribution

does not evolve

negligible for K,
while moderate
for K+
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(m|5LyudL|K) oc (705 yun|K)

Z (5Lyudr) Ty viL)

l=e,pu, T

2 hadronic matrix
elements
precisely known

: neutrino pair in
CP eigenstate

.= K decay purely
CPV




SM Prediction of K; — 7°vis

2
Buchalla & Buras '93, '99;

302B(K+T — mleTv,) 7(Kp) Misiak & Urban ‘99
2m2s7, T(KT)

X =1.46+004 (NLO) [

iy = “.'“'KL

ric, = 0.944 £0.028  ST)

Marciano & Parsa '96

~100%




SM Prediction of K; — 7°vis

2
B(K — mvi) = Ky, _] — (2.81+0.54) x 10~

3a*B(K+ — nletv,) T(KL) ~10
KL = Tk, o ey = (220£007) x 10

w

CKMFitter, Buras, Gorbahn, Nierste & UH ‘06

preliminary

very small theoretical error
of only ~3%

~85% of total error of ~20%
due to CKM parameters

within SM amount of CPV can
in principle be determined
with unmatched precision




SM Prediction of K™ — 7 vi

rice = 0.901+0.027 SHF)

S
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3{}3“3 Kt > €+u

(5.04 +0.17) x 10~

Buchalla & Buras '94, '99;
Buras, Gorbahn, Nierste & UH ‘05

My M, RGE



3{}3“3 Kt > €+u

(5.04 +0.17) x 10~

Isidori, Mescia & Smith '05

My M, RGE M



2B(K+ +
3a”B(K™ — metve) _ (w044 0.17) x 10-11

2 theoretical error at ~63% ~33% ~49%,
NLO dominated by
uncertainty in P, s Wi

22 only ~50% of |
error in branching &
ratio is due to m. yA
and CKM elements

My M, RGE M



Error Budget of P. at NLO

- (0.036 -

Buras, Gorbahn, Nierste, UH ‘05

b 178 2 226 25 275 3




Flavour of NNLO calculation of P.
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Error Budget of P. at NNLO

P, = 0.375 == 0.009 -

Buras, Gorbahn, Nierste, UH '05

o 175 2 225 25 275 3




Error Budget of P. at NNLO

o000 SRS

NNLO calculation
improves theoretical
uncertainty in P. by
factor ~4

Buras, Gorbahn, Nierste, UH ‘05

good convergence of
perturbation series at
charm scale

uncertainty of P. now

dominated by error in
me

1.7 2 225 25 275 3




2 |local

charm effects due to

dimension-eight operators
naively of O(m3 /m?) ~15%

: genuine long-distance up

effec

s of O(A{ep/m2) ~10%

u

C

Falk, Lewandowski & Petrov '00




1Gr « D;SV,':
Lo = \f; OS2, DDA

l=e,pu,m 1

'®) = (51y,dL)0* (Lt v) , QYY) = (sLﬁyqﬂﬁ”dL)(ﬂ;Lw”uL) o

Falk, Lewandowski & Petrov '00

= effects scale as O(n?FZ2/m?)
~5% and increase SM
branching ratio by ~6%

i theoretical errors associated
to non-perturbative effects
can be reduced with LQCD

Isidori, Mescia & Smith '05;
Isidori, Martinelli & Turchetti ‘05




SM Prediction of K™ — nTvi

B(Kt — ntvw) = (8.0+ 0.2 +£0.5 £04 .:x: 1011

MFitter, Buras, Gorbahn, Nierste & UH ‘06

scales I+, 0P,
mc(mﬂ) . MﬁiﬂS(ME)'jCKM




SM Prediction of KT — v

) = (8.0+0.2 £ 0.5 50 j-,»c: el

MFitter, Buras, Gorbahn, Nierste & UH ‘06

scale uncertainties are no
longer dominant source of

error in SM branching ratio

intrinsic theoretical errors
due to rx+ and éP. come to
fore

precise determinations of m,
gain further importance




B(K; — mviv) = (2.67 £ 0.27) x 10~

B(Kt — ntvw) = (7.50 £ 0.75) x 10~

0.5
NLO
(theory errorin P. only) 1= 0
-0.5 i
o(Vial) _ 11 oo )

11‘ d
-1.5

NNLO

(theory error in P. only)

o(sin23) = +0.006

o(y) = £1.2°

Buras, Gorbahn, Nierste & UH ‘05

Hécker ‘05
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Future (?) 1
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B(K; — ﬂ-ﬂ'yﬂ) = (2.67 £0.27) x 10— 11

B(ff"" SN ﬂ'"‘yﬁ') — (T5[] -+ UTE) % 1[]_11

Future (?)
oVadl) _ 14 ooy

1'“?1".‘.:_‘! - .
NNLO

(theory error in P. only)

o(sin23) = +0.006

o(y) = £1.2°

I'FItti

o(sin23) = +0.056 NNLO

(all uncertainties)

o(y) = £11°

Future (?)

0.5

1= 0

0.5

-1.5

157

Hocker 05 1-CL
CKM fit
] E Constraint from K — mtvv
| Future (7)
i I I R T PR T TR T NN TR TS WO T (N T T W I
-1 -0.5 0 0.5 1 1.5
p



Conclusions and Outlook

After NNLO calculation of dimension-six charm
contribution scale ambiguities in K no longer
dominant source of error

Further theoretical improvements concerning

isospin-breaking, long-distance, higher-order
electroweak effects and charm mass desirable

Measurements of branching ratios at ~10%
would substantially improve our understanding
of flavor dynamics at TeV scale
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Dependences of P, and B(K"™ — ntvi)
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SM Prediction of P.

P. = 0.367 £+ 0.008 + 0.031 £ 6:009 .

Gorbahn, Nierste & UH ‘06

scales




Error Budget of B(K+ — 7 vi)

B(Kt — nvp) [1071
method | central £ CL =10 | & CL = 20
all 8.00 + 1.80 +2.45
ey Otg(fhe) 8.15 £+ 1.65 +2.35
no scales 8.07 £ 1.56 +2.25

0P, 8.04 +1.32 +2.01
P+ 8.01 + 1.08 +1.76

Me(me) 7.99 + 0.71 +1.47
Gorbahn, Nierste & UH ‘06




