K*q pevisited

Marco Ciuchini INFN

Three messages from this talk:

i) typical predictions of factorization in the
infinite mass limit for Km amplitudes are
of f by ~-30-40% (Luca was almost right!)

i) K1t decays are not puzzling once subleading
terms are included. Measured CP asymmetries
are compatible with the Standard Model

iii) K*m decays are a perfect playground for
Q cD challen ges MC, Franco, Martinelli, P'em.nr:pf!;ii::?n
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new physics in Kn CP asymmetries?
N(B K nt)—N(B’—K*n")
N(B K nt)+N(B'->K*+n—)

Belle collaboration
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Amplitude Parametrization

general parametrization JA(B* — K°r%) = -V, VP + Vi,V A,

*one simplification only: Jo(B+ — K+#°) Vi,V (P + AP, + AP,) -
isospin breaking in the V.V (By + By + A))
hadronic ME neglected | ViV (P + AP — VoV

can be reintroduced | 1
if need be | /3

1
75

WSI‘EE(P o ﬂP?) T Vusvu*bEi)

deviations from fac‘ror'iza‘rion_:
R(X) exp[iA(X)] in units of F=A,

related to Buras, Silvestrini,
hep-ph/9806278

Ey, = E1F + F ( (El) 10 (Ey) T(PFIE’I)E‘-‘HFFIMJ)
= EF + FR(E))e'2F))
E, = EE + F ( (E ] i§(Ez ]_|_ T[PGIM] EFFIM;)

o 2 iA(Es) .
= E; + F R(Ez)e * Ev(s.q,q;: B, K,7) — Py'"™(s,q: B, K, )
A = 4F+F( (A)e?(A) — p(pSIM)is (P, J) ; = Fs(q,q,8;B, 7, K)+ PF™(s.¢:B, K, )
— AF £ FR(A)e A A= Ai(s,q.q;B,K,7)— PS™ (5, ¢: B, K, )
P = PY 4 Fr(P)e®), P = Py(s,d;B,K,m),
AP, = APF 4+ Foauy r(AP,)e?85) = Pi(s,u; B, K,m) — Py(s,d; B,K,7),

AP, = APF + Fa,,r(AP,)e?81=) s = Fo(s,u;B,m,K)— Py(s,d; B, 7, K).
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Step #0: try throwing away all these ugly parameters

Decay Mode|BR“*P x 10° AL = —C
K n~ 19.44+ 0.6 |116+4.4|—0.097 + 0.012|0.065 + 0.016
K" 1294+ 0.6 | 84+3.2| 0.050+0.025 |0.086 +0.014
Kn™ 23.1+ 1.0 (148 +5.7| 0.009 + 0.025 [0.008 + 0.001
K"x" 994+ 06 |[50+20 —0.144+0.11 | -0.03 +0.01
BR(Kn) S 0.38 +£0.19| 0.73 +0.01

40000} BR(K+1T')

40000

QCD factorization s

30000

predictions for my—o ==

20000

30000}

Two hon- con’rradlc’rory statements: It SE VIR Yoz S
- typical factorized Km amplitudes are off by ~ -30-407%

- factorized amplitudes can reproduce the Km data
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Old method, new perspective

* old idea: use data to determine
the subleading terms, but
11 real unknowns
9 measurements
too many parameters! One can:
- reduce the parameter set

Quick facts on charming penguins

- first appearance

Colangelo, Nardulli, Paver, Riazuddin
Z. Phys. €45 (1990) 575

- christening

MC, Franco, Martinelli, Silvestrini
hep-ph/9703353

- revisited (I)

MC, Franco, Martinelli, Pierini,
Silvestrini, hep-ph/0104126

- revisited (II)

Bauer, Pirjol, Rothstein, Stewart
hep-ph/0401188

(like in the good old charming-penguin days)
- vary all the parameters in theoretically
sensible ranges (we take r €[0,0.5], & €[-n, ] )

Final goal: find "upper bounds” to the theoreftical
errors compatible with data and the 1/m, expansion
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Results of the fit
to the Kr data

"global fit":
results obtained fitting
the whole data set

"fit predictions”:
results obtained fitting
the whole data set but
the "prediction”

global fit fit prediction
BR(K"7n7)x 10°| 19.6+0.5 20.1 + 1.0
BR(KTn") x 10°| 12.7+£0.5 12.4 £0.7
BR(K"n") x 10°| 23.7£0.8 24.6 £ 1.2
BR(K"x") x 10° 9.2 4+0.4 8.6 £+ 0.6
Acp(KTn~) |—0.095 £ 0.012|—0.01 4+ 0.08
Acp (KT 7") 0.043 +0.024 |—0.02 + 0.07
Acp (K7T) 0.010 +0.023 | 0.02 +0.06
C(Ksm”) 0.12+0.04 | 0.12 + 0.04
S(Ksn") 0.702 +0.067 | 0.74 + 0.06
Decay Mode|BR“*P x 10°| ALY = —C S
K n~ 19.44+ 0.6 |[—0.097 £ 0.012 -
KTr’ 12.9 4+ 0.6 | 0.050 & 0.025 -
Kzt 23.1 4+ 1.0 | 0.009 4+ 0.025 =
K7’ 9.94+0.6 | —0.1440.11 |0.38 +0.19

- BR's OK and fairly insensitive to the "A/m, noise”
- A, can be reproduced thanks to the "A/m, noise”
- S(Ksn®) cannot be “satisfactorily” reproduced
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The K*n playground for QCD challenges

* 11 real hadronic parameters as in the Km case
* 11 observables = fully determined in the SM

1. K' - Dalitz plot: (3) 4. Ksm°m°Dalitz plot: (0)
|A(K* )], |A(K**mO)], |A(K* )], |A(K*O )],
argA(K** m)-argA(K*° ) argA(K*° 110)—c1r'9A(IZ*O °)

2. K °Dalitz plot: (3) 5. Ks m° Dalitz plot: (3)
|A(K* )], |A(K**nO)], |A(K* ), [A(K*O )],
argA(K* m*)-argA(K*° m°) argA(K** m°)-argA(K*° r*)

3. Ks 1" Dalitz plot: (1) 6. Ks T ° Dalitz plot: (3)
|A(K* )], |A(K* 1), |A(K*10)|, [A(K*O )],
argA(K** m)-argA(K*- 1) argA(K*-m°)-argA(K*° 1)

amplitudes satisfy 2 isospin quadrangular relations (-2)
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F _ iL c it c
E] = A;k (—ﬂ'l — Oy T Oy — Q4 g T f‘f4,EM-’)
EF — A o 3 u -

2 — AKnx Q2 5(%._51% QS:EH-’}

{ﬂ'iEw — 0y gpw }) .~

|

+A_x (crff S

1
F ; i r u e
A" = Ak (—"JLL TOoyT gﬁﬂ'aL,Ew — G4 EW }) )
F e 1 c
P" = Axx|—a,+ 5 Y4.EW |
F 3 e
AP; = —Azg 5 A4 EW
F 3 e
AP, = _AHWEQSI.EH-’ ,
+ m,;=(98+6+12) MeV
fr 0.1307 GeV fr 0.1598 GeV
B Fo=7 02740.08 |F°~%/FP~™  1.2040.10
Av = Gr/V2mEfiFr(0) | 740 [1.546-107'2 ps Tht 1.674-107'2 ps
Axr = Grp/VImZf.Fu(0) | ms |5.2794 GeV/c? fr 0.189 4+ 0.027 GeV
m. | 0.14 GeV/c? mg 0.493677 GeV/c”
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Conclusions

Flavour physics is a unique tool for searching
and studying NP complementary to the LHC
There is a first evidence for NP
in b<->s transitions. Confirmation in Summer
From AF=2 transitions, a pattern of
flavour violation in NP emerges:
2<->3: 0(1), 1<->3: < 0(0.1), 1<->2 strong suppr.
The next 15 years of flavour physics
are well motivated and clearly planned:
exciting times ahead
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