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Introduction to B — Knn Decays
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Rich Dalitz-plot structure — interference between
intermediate resonant states, e.g. K*, p

o Gives rise to both sin(24.4) and to cos(24.) terms in B°
decays to CP eigenstates, e.g. p°Kq

Both b — u (tree) and b — s (penguin) processes
o Possible direct CP violation

Relative weak phase of tree and penguin =y

o 008 c 0 2
=
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Introduction to B — Knn Decays

Additional contributions possible in some cases from
b — c (tree) diagrams, e.g. via the x_,resonance

Interference between the ., and the nonresonant or
other resonant states in B* — n*n*n~ or K'n*n~
could, in principle, allow a determination of y

o Eilam et al., Phys. Rev. Lett. 74, 4984 (1995)

o Bediaga et al., Phys. Rev. Lett. 81, 4067 (1998)

o Blanco et al., Phys. Rev. Lett. 86, 2720 (2001)

However, the rather small BF of B — K/t seems
to preclude this, at least at current luminosities
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Summary of K'n and pK experimental
measurements and theory predictions

Branching Fraction (10-°) Acp (%)

Mode Exp. QCDF Exp. QCDF
K*Or* 10.0+ 0.8 89116 27 0.16 £ 0.16
K**70 6.9+23 53+0.8 4 +29 417
K**m~ 10.3 £ 1.1 9.1+1.7 -25 + 11 -48 + 8
K*0r0 2.4 +0.7 3.9+0.8 -15 £12 4.7 £ 1.1
p"KO 8.0+, 10.3+2.0 -12 £ 17 0.53 £ 0.21
PPK? 3.8+0.5 48+0.9 42 + 8, 46 £ 6
PK- 8.6 +09 . 13.4+2.3 15+ 6 314+4.6
KO 54109 4 7.5+1.3 1+£20 -3.3+1.3

Experimental numbers from HFAG Summer 2008, QCDF predictions from Chang et al., arXiv:0807.4295v3
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Summary of K'n and pK experimental
measurements and theory predictions

Agreement between experiment and theory is
generally good

Experimental precision on CP asymmetries much
worse than theory errors

Would be nice to have (updated) results from K r*r®
and K*rn°zY particularly given large Ay prediction in

K*+TCO
Most results now coming from Dalitz-plot analyses

o Additional information in the phases can be used to reduce
the model dependence in extracting vy
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Determining ¥ from Knrm DPs

Much recent theoretical activity in this area
o See first talk in session by Pierini and Zupan for more detail

Main method involves K*m—=® and Kqr*n- DPs

o Ciuchini et al., Phys. Rev. D74, 051301 (2006)
o Gronau et al., Phys. Rev. D75, 014002 (2007)
o Gronau et al., Phys. Rev. D77, 057504 (2008) and D78, 017505 (2008)

Other methods use Ko™ n®; Kt~ & Km*n;
and B, decays to K*nn® & K n-
o Ciuchini et al., Phys. Rev. D74, 051301 (20006)

o Bediaga et al., Phys. Rev. D76, 073011 (2007)
o Ciuchini et al., Phys. Lett. B645, 201 (2007)
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Determining y tfrom Knn DPs

Method from Ciuchini et al.
and Gronau et al.

Use B - K*n modes to form
Isospin triangles

A; = A(B>K™'r)

®,, =y up to correction
from EW penguins

The amplitude magnitudes
as well as ¢, ¢ and A¢ can
be measured from Dalitz-
plot analyses of K'n =" and
Kerm™
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Recent Results — BT — K

Results not directly used in main y method

But, highest (BF x ¢) of all Knm modes
o Help determine signal DP model for other modes
Possible large A in p°K*

o Establishes that tree and penguin magnitudes are
comparable and hence sensitivity to y

Another method uses this mode and Kqn*n™ —
useful for LHCb since no neutral particles

0 See last talk in the session by Guerrer
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Recent Results — B! — Kt n

Phase A¢ can be determined from this DP from
interference between:

o K**n-and p°Kg in the BY decay

o K*n* and oKy in the B? decay

Does not require tagging or time-dependent analysis
However, both BABAR (Lepton-Photon '07) and Belle

(ICHEP '08) have performed time-dependent
analyses of this mode

Time-dependent analyses also allow measurement
of S from p%Kg, f K etc.
o See talk in tomorrow’s session by Dalseno on
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Recent Results — B! — Kt n

25—

BABAR _

%, preliminary -

"=
- —— 1635 CL > 32%

20— +61.5
F -163.5, 5 CL > 5%

BABAR preliminary result
from 383 million BB gives:

Ap=(-164 £ 24 £ 12 £ 15)°
(errors are stat, syst, model)

This phase difference
includes the B’B® mixing R ke
phase (-20) ~P
Secondary solution
excluded at >3c
Conference paper:

o arXiv:0708.2097 [hep-eX]
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Recent Results — B! — Kt n

- . +31.3
D30 AAKTT) =07 0

A new Belle preliminary
result from 657 million BB:
Ap=(-1£2%4,,+£11£18)°
(errors are stat, syst, model) :
A second, almost Qb

degenerate, solution: -100-75 -50 -25 0 25 50 75 100
Ap=(+15+£19,,+ 11 £ 18)° 2 Ad
Difference between ;',30 A(K™ ) = +14.6'2%

solutions is interference
between K,**(1430) and NR

These again include the
B°B? mixing phase (-25)
Apparent disagreement with T el
the BABAR reSUItS -?00 -75 -50 -25 0 25 50 75 100

Ad
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Recent Results — BY — K !

Can determine the phases ¢ and ¢ from this
Dalitz plot

Mode is self-tagging (from charge of kaon) so
analysis does not involve flavour tagging or
time-dependence

Analysis not yet performed by Belle
BABAR have results from 232 million BB
Also preliminary results from 454 million BB

9th September 2008 CKM Workshop 2008 16



Recent Results — BY — K !

BABAR results from 232 million BB
Accepted by PRD
o arXiv:0711.4417 [hep-ex]

Scans opposite show the results
for g and ¢

Presence of multiple solutions
reduces precision of constraint

Preliminary BABAR results on 454

million BB indicate much better
separation between solutions

o Likelihood scans of phase
differences not yet completed

o arXiv:0807.4567 [hep-ex]

9th September 2008 CKM Workshop 2008
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Recent Results — B! —

K
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2A log L

BABAR results from 232 million BB

Accepted by PRD

o arXiv:0711.4417 [hep-ex]
Scans opposite show the results

for g and ¢

Presence of multiple solutions .
reduces precision of constraint g’

Preliminary BABAR results on 454
million BB indicate much better
separation between solutions

o Likelihood scans of phase
differences not yet completed

o arXiv:0807.4567 [hep-ex]
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Putting it all together

BABAR results from Kqn*n~ (arXiv:0708.2097) and
K*n—n0 (arXiv:0711.4417) combined together

o Gronau et al., Phys. Rev. D77, 057504 (2008) and D78,
017505 (2008)

HF
5t Dotted purple line — unconstrained |R; , |
af Solid blue line — 0.8 < |R; ,| < 1.2
"L, 3k
2f--,
| BN .
A A 39° < @, , < 112° (68% CL)
Ok : : : d
0 50 100 150
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‘ Putting 1t all together

= CKM constraint in presence of EW penguins is:
77 =tan®,,,[p —0.24+0.03]
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Conclusion

The B-factories have reacted quickly to the
theoretical developments in this area

Results available allow CKM constraint to be formed

Updated results on ¢ and ¢ from K*n—n° expected
soon from BABAR

o Should help to resolve ambiguities

Measurements from other Knt modes, such as
Ks*n, could help improve the precision

Also a very promising method for future experiments
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Backup Material




General differences between BABAR and
Belle B — Knr analyses

Main difference is in approach to low mass Krx S-wave

BABAR use the LASS parameterisation

o Coherent sum of K,*(1430) and effective range nonresonant that is
constrained to be unitary

BABAR analyses also have to include a phase-space NR term to
account for NR events above LASS cut-off (~1.8 GeV/c?)

Belle use K,*(1430) as RBW and exponential shaped NR

Belle parameterisation often suffers from multiple solutions where the
fractions of the K;*(1430) are very different

o Preferred solution can often depend on which other terms are included in the
DP model, e.g. K,*(1430)

Neither approach is perfect but both seem to allow a pretty good fit to
the data

Does make comparison of results rather tricky

However, different approaches don’t seem to significantly affect results
for other modes in the DP, e.g. p °K* Ap
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Details of BABAR K"~ Analysis

Signal model contains:

o K*9(892) — Relativistic Breit-Wigner
0 Kn S-wave — LASS

o K,*0(1430) — RBW

AA(770) — RBW

o(782) — RBW

f,(980) — Flatte

f,(1270) - RBW

fx(1300) — RBW (m and I'" consistent f,(1500))
%co — RBW

Phase-space nonresonant

o U 0O 0 0 o o
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'Details of BABAR K*r*n- Analysis
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Details of BABAR Kt

Analysis

Mode Fit Fraction (%)  B(BT — Mode)(10~%) Acp (%) DCPV Sig.
Ktz nt Total 544+ 1.1+45+07 284+20+20+1.2
K*9(892)xt: K*%(802) — K7~ 133+0.7+07105 724+04+0710F 432452411152 0.9c
(Km)g"n T (Kx)s" — Ktr 450+ 1.4+£1.212%°%  245409+21777 432435420 t%fg 1.20
“(?70)I’+- PP (770) — mta 6.54 + 0.81 + 0.58 7052 3.56 + 0.45 + 0.43 732
Fo(980)KF; f0(980) — 7wt a 189409+ 17128 103+05+ 13715 —106+h0+ 11138 18
xcoK1; xeo — wto™ 1.20 40,19+ 0151552 0.70 £ 010 £ 0101005 —14+ 15+ 31} 0.5¢
K*#~nt nonresonant 454+0.94+2410¢ 24+05+1.3703 — —
K3°(1430)nT; K3°(1430) — Ktx~ 3404+ 0.75 4042709 1854041 £ 0281058  4+5+£23+£4 118 0.20
—0.13 —0.08 i
w(T8)KT; w(782) — ntn™ 0.17 £0.24 + 0.03 1005 0.09+ 0.13 £ 0.02 1553 — —
F(1270)KT; f2(1270) — atn™ 091 +£027+£ 0117032 050+ 015 £ 007113 —85+224+13 132 3.50
Fc (1300 KF; fx(1300) — «tn~  1.334+0.384+0.867501 0734021 +0473002 428 +264+ 1311 0.6c

First error is statistical, second systematic and third model-dependent.

Significance of DCPV is statistical only.

Total NR branching fraction = (9.3+1.0+1.2157

+£1.2) x 1076
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Details of BABAR Kt'n~ Analysis

Signhal model contains:

o K**(892) —

Relativistic Breit-Wigner

0 Kn S-wave — LASS
a P2(770) — Gounaris-Sakurai

1 £,(980) — F
0 £,(1270) —
1 £,(1300) —
1 .o — RBW

atté
RBW

RBW (m and I" consistent f,(1500))

o Phase-space nonresonant

9th September 2008

CKM Workshop 2008
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‘ Details of BABAR K"~ Analysis
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'Details of BABAR K n™n~ Analysis

Resonance Name o o|degrees] | (|e=]) o[degrees|
fg(%ﬂ)ﬁ’g 4.0 0.0 2.8+0.7 —88.6 +21.3
pD(TTU)Kg 0.10 £+ 0.02 h&8.6 164 0.09 4 0.02 21.3 +£21.2
fg(1300)ﬁ’§ 1.9+ 04 117.6 + 22.6 1.1+0.3 —15.2 + 23.8
Nonresonant 3.0+ 0.6 13.8 £14.3 3.7+0.5 —16.2 £ 17.3
K*t(892)7~ 0.136 £ 0.021 —60.7+18.5 0.113+0.018 102.6 +22.9

K*T(1430)7~ 4.9+ 0.7 —82.4 £+ 16.8 71409 79.2 +20.5
fg(IZTU)Kg 0.011 £ 0.004 6294233 0.010+0.003 —73.9+27.8
Yeo(1P)K§ 0.34+0.15  68.74+31.1 0404011  154.5+ 28.6

9th September 2008

CKM Workshop 2008

29



Details of Belle Kcn"n~ Analysis

Signhal model contains:

o K**(892) —
1 K,*(1430)

Relativistic Breit-Wigner
— RBW

a P2(770) — Gounaris-Sakurai

1 £,(980) — F
0 £,(1270) —
1 £,(1300) —

atté
RBW

RBW (m and I" consistent f,(1500))

o Three exponential shaped NR terms

9th September 2008

CKM Workshop 2008

30



Details of Belle Ki*n~ Analysis
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Details of Belle Kcn"n~ Analysis

Decay channel

Sol. 1 Fraction (%)

Sol. 2 Fraction (%)

K*W%mhf 9.3+0.8 9.0+ 1.3

0T (1430)7~ 61.7 4+ 10.4 17.4+ 5.0
p(W@RE 6.1+ 1.5 8.5+ 2.6
fo(980) K'Y 1434+ 2.7 14.9+ 3.3
f2(1270) K¢ 2.6+ 0.9 3.2+1.2

Fx(1300)K 2 2.34 0.8 6.0+ 1.6
(hg P)NRT™ 57.24 11.4 55.9 + 13.3
(Kom )N 2.9+ 4.7 6.4+ 3.7
(77 )NRES 10.7+ 3.5 7.7+4.1

Total 167.1 £0.2 129.0 £ 0.2
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Details of BABAR K " Analysis

Signal model contains:

0 K**(892) — Relativistic Breit-Wigner
0 K*9(892) — Relativistic Breit-Wigner
0 (Kn)* S-wave — LASS

0 (Kn)? S-wave — LASS

0 p~(770) — Gounaris-Sakurai

o Phase-space nonresonant

9th September 2008 CKM Workshop 2008
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‘ Details of BABA]
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‘ Details of BABAR K'nn” Analysis

isobar j FF, (%) B, (1077 Al g
K*+(802)x~ 11875 Z £ 0.6 42402 £03 —0.191029 L 0.04
K+*"802)x" 6.7 30T 244+05+03 —0.00+22t 4+ 0.00

w4 _— A +31.'15+£'1 +1.14+1.4 - :—:+H:¥‘f ‘
(Km)ite 26.37 55 Thg & 4. 04Ty T £ 18 +0.17H 1 £ 0.00 £0.20
(Km)3°r" :34.3”:5;55;5 +6.7 E.Tfajgfl:a +2.2 —0.22 + 012701 £0.27
o (TTOIKT 225755 4+1.2 BOTYS +£0.6 +011F 18 £ 0.07
N.R. 124 + 26713 444+09+05 +o23tp it
Total 1023755 4.1 35718+ 2.2 —0.0307 5 0a] £ 0.055
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