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Confronting Loop and Tree Decays

:D} b — ccs decays are tree and penguin diagrams, with equal dominant weak phases

A ey H ”» 13 H ” H H
'D} b — sss decays are pure “internal” and “flavor-singlet” penguin diagrams

®» High virtual mass scales involved: believed to be sensitive to New Physics

Both decays dominated by single weak phase
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(~7000 tagged events)

SLAC/INT Workshop, Seattle 2005

A. Hocker — sin2p with s-penguin decays

sin2/ [charmonium] - sin2/ [s-penguin]

(~1500 tagged events)




Confronting Loop and Tree Decays

The charmonium measurement: sin24 =0.725+ 0.037 HFAG, Winter 2005
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Direct CP Violation ?
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Naive Classification of the penguins
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Can we identify golden, silver and bronze-plated s-penguin modes ?

Naive (dimensional)

uncertainties on sin23
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KKK® Modes

How about B? - K*K-K® and B? —» Kq Kg K ?
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B® - K*K-K°® bronze and B° —» Kq K Kg seems to be a new golden mode !
» but : « popup » ss-bar dynamically disvafored with respect to popup uu-bar
» is B0 —» K*K-K? silver ?

Note that

if NP contributes significantly to CPV in loop decays, we naturally expect it to be
different among the modes

» averaging only meaningful (if at all) in case of SM
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Comparison BABAR vs. Belle

Moriond 2005

———
BABAR 04
0.722+£0.040+0.023
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Characteristics of the Measurements

Different analysis strategies for charmless B decays:

Belle :
4l cut on Likelihood ratio for cont. suppression followed by 2-variable (CP) fits (AE, mg)

& background PDFs from sidebands and assign parameter variations as systematics

# BABAR:

o

al use continuum suppression Fisher/NN together with AE, mg in fit

&

G determine yields, CP and bkg. PDFs. simultaneously with multi (>30) parameter fits

5 determine fit bias due to increased correlations in full MC fits

Consequence: larger statistical and systematic errors for Belle’'s analyses

Note that Belle replaced SVD in fall 2003: 113 fb~" with SVD-1, 140 fb~! with SVD-2
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Characteristics of the Measurements

Specific analysis issues :

¢Kg : CP-even bkg from S-wave (e.g., f, > K*K™) — not yet seen; use UL in systematics

®K, : worse S/N ratio (needs NN); ¢K*(— K, n%) bkg; (Ng,.., = 98 + 18 (BABAR), 36 + 15 (Belle)

ignal
K*K~Kg : CP-even fraction : moments analysis (BABAR), isospin (Belle) [isospin violation ?];

CP-odd contribution treated as dilution: S = — (2fsp.ayen — 1) x SIN2P

KsKsKs : all CP-even © ; vertexing more efficient than for t°Kg (~ 100%); veto (3, D°) —
KsKs; Belle with large systematic error due to res. fcn and bkg (0.20)

K : sophisticated vertexing, some efficiency loss for long-lived Kg; BABAR almost twice
more events; both experiments use J/yKg events ignoring J/y tracks as CP control sample

n’'Ks : mode with largest statistics; reconstruct - nz*z—, p®y and n— yy, z 7~ z°
and Ks » 7*7~, BABAR also Kg —» 7979

foKs (f, » =*z~) : CP-odd dilution due to Q2B approximation ? Important systematics (0.10)

oKjg : new s-penguin mode; no particular problems; BABAR has 3x larger yield with less
data; large syst for Belle: 0.15 ?
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Characteristics of the Measurements

A few plots...
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The Experimental Program for sin 23

Mode

OKO
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Quantifying the u Amplitude
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Quantifying the u Amplitude

The scope :

AB” — [sS]K®) =V, V(T + R+ V VP, +V ViR

cs ¢cb’ ¢

VV,(P.-P,-T)+VV, (P -P,-T)  U-convention

csch
unitarity =<V, VT +P,—P.) +V.V.(P.-P,) C - convention
wsVar (T + B, =B) + V. Vo, (R, — F) T - convention

I~ ~J

“Tree” : M

u

“Penguin” : M, or M,

M,

us " ub ts”tb

=  Use C-convention in the following : A(B0 N [s§]K°) — (V V:

et +V, V*th

t
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Quantifying the u Amplitude (assuming SM)

¥ Input to fit [HFAG] :

4 s-penguin observables : S, C
BR (fixes normalization - irrelevant)

G p,n from global CKM fit

¥ Relevant unknowns : | M,/M,|, 0,
60 AR RN RN RS R
40 - M Hadronic u-to-t ratio in B —» o'K® | |
o B CKM factors (ca. 0.021)
5 i
3 20
S 0
=
S 20 7
© ]
40 B
CKM 2005 :
Il ‘ Ll | ‘ L1 | | L1 | ‘ L1 | ‘ L1l |

0O 2 4 6 8 10 12 14 16 18 20

IM, /M,
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607 tprrrpr T T T e e e e e e e 1
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40 |- 8
: note that the amplitudes do not include the CKM factors (ca. 0.021) 0 8
20 |- N
| 0.6
0 -
i 0.4
-20 |- :
i {Ho.2
40 - ]
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Compare with B — hh' Decays (h = =,K,p)

A similar (but more involved) analysis can be performed for B — hh’ decays

o |

o |

o |

GL isospin analysis (nrt, pp)

or isospin and neglecting exchange diagrams (Kn)

or SU(3) and neglecting OZI-suppressed penguins (pmn)

or QCDF (nw, Kn)

Charles et al., EPJ C41, 1—
131 (2005) [hep-ph/0303171]

also many other/similar
analyses by different authors !
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note: amplitude ratios
given w/o CKM factors

P/

T /T |

0.41
0-23+0.10

0.07
0.05% g q5

0.981038

0.11
0.2175 15

Experimental status:

ICHEP 2004
(not yet updated)

B —>nm
B — pp
B — K~
B — pr[+-]
B — pr[—+]

0.0375:03

0.02
0.10%5:03

0.03
0-04+0.01

0.14
0-48+0.16

0.32
1.22704%

0.57191%

2B — ww (QCD FA)

B — K7 (QCD FA)

0.01
0.1875:03

0.01
0.177503

1.17 £ 0.20

0.42
1.527 g7
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update gives
for nm:

TOO
C
P

=7.15;

B—rr

J statistics ?
a huge Ctree ?
2 huge u penguin ?

4 new physics ?

15




