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Outline

* The status of tree level y measurements

= Where measurements from quantum-correlated
DODY decays have an impact

sMeasurements from CLEO-c
o DO-->Kar, KKK

o DO-->Kn, Knmrr, Knn®, KnKg

Sneha Malde: Charm inputs for y measurements, Beauty 2011, Amsterdam



Status of direct determination of vy
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D
v is the least well known angle ~20°

Comparison of y from tree and loop processes -- sensitive
to new physics
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Using B—DK for y measurements

K- b — u (suppressed)

' f)ll/ DK %A
b — c (favoured) \ f\ 'Y\‘D /

W 8

Sensitivity to y from b—c and b—u g€

interference —

Require D° and D° to decay to same final , . _ 07—

state <B — DK > — 7 ' ©8"7)
- 07— B

Comparison of B*and B- yields to <B — DK >

determine vy

p, and oy are like B-decay quantities,
but in multibody decays, they vary over
Dalitz space

Data from CLEO-c can be used
to determine the average for
the varying parameters
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Measuring y using B—=DK, D—K_hh

BrD—>Kqmn] = 2.99+0.17 %

B+—(D—-KOgmr*m)K2

Br[D—KKK] = 0.47+0.03 % _ o

. . tu- :}4 B- iu.. :'-L S B+
Studied at B factories > I} > BRI BABAR

'] ! Ig' y '.3 - .'.'"I
BABAR: PRL 105 121801(2010) R T = A g D
Belle: PRD 82 112002 (2010) B¢ TERAREN T
4! 3 . t'f,:‘. ‘ 1 3 :;:_j . :-:t:,:.. |

Necessary D information | R | S
determined from the amplitude ", 5 T
models of the decays s. (GeV’Ic’) s, (GeV’Ic)

Amplitude models determined
from D*—D% decays

Amplitude models give rise to 3-9° uncertainty on vy

For LHCb and future experiments it will limiting.

Model independent approach possible using CLEO-c data
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Binned model dependent fit

Proposed by Giri ef al.[PRD 68 054018 (2003)], developed by Bondar and Poluektov [EPJ C 55
(2008) 51]

Relates number of B events in the dalitz plots to other quantities including .

A —h(K +r]{{ +2\/KK +y)

B+ events in bin i
of Dalitz plot

Number of events for -chos (0g
flavour tagged D sample
8

yierSIn(éB * Y)

c. and s, - average of the cosine and sine
of the strong phase difference over the
bin.

Can be measured at CLEO-c

What binning? (see later)
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CLEO-c and quantum coherence

0140401-002

. . Supercondl..lcting ina Imagin
Hermitic detector based at CESR e*e- collidersetei R eboromonn”

Silicon Vertex
Detector

Wire Drift
Chamber

We study ¢(3770) —DODO decays Cesium lodide

Calorimeter

Key: C=-1 for y(3770) at threshold B

Operated at threshold energy

Hence the decays of D° and D_Oare quantum

correlated

Reconstruct decays of both D mesons

Muon Iron

l.e. reconstructing one D meson decay to a Pole Tip
CP eigenstate means that the other D meson _ tor Roturn
decays has opposite CP
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Strong phase differences from Q-C decays

of D% and DO

D**— D y(3770) - DD, D,—CP
DY — K it o D, — Kt
3 .
“. DO 5 . Dcp-
. 3-: 2_ superposition
j N
E

15 F

- w*%

- simulated datqg 0 snmulnted data .. ..
0 05 1 15 2 25 0 05 1 15
E{Ksrr*l/GeV“ m2(K,rr +]/Gevf

- . 012
distribution o |D° distribution « |D%|2 + |DOJ? = 2|DO||DO|

CP tags are just an example -- other
hadronic decays can be used too.
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Strengths of the CLEO-c detector

Kt vs Kr

o \ 3000
Very clean events \\ |
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S/B ~10-100

oy

Events /0.001 GeV/c?

1000

1.84 1.86 1.88

[8)]
o
[
2\
(7]
= |
S|
<
wn
P
b
|
o
o

g Mass (KK) [GeV/c?]

S 40 |- H B

§ * L/KL Excellent E-M and hadron calorimetry and PID

E I 1 K_ reconstruction possible through missing
mass technique

-0.5 0 0.5 1 1.5

I\/Izmiss [GGV/CZ] -

Sneha Malde: Charm inputs for y measurements, Beauty 2011, Amsterdam



Using CLEO-c data to measure c, s

1. Reconstruct double tag : D,—K_x D,—CP Ksnr flavour

tagged yield in bin i
CP tagged Ksnn /

yieldinbini M= = hepy(K; £ ch\/f‘fff‘f_a: + K ;)

2. Reconstruct double tag : D,—Knix D,—Knn

i and j are Dalitz o I 2 v 1w /BB N
plot bins for each Mij = heors (KK + KK EK/KTK—J'K—!-KJ (cicj + 8:85))

D—K tw decay

3. Reconstruct double tag : D,—K iz D,—CP
CP odd Kin=CP even Kint  M'* — hopy (K F 2¢ \/ K'K',+ K'))
4. Reconstruct double tag : D,—K i D,—K i

M}; = heorr (KiK' ; + K_iKj + 2,/ KiK' JK_iK}(cic) + 58)))

Introduces weak model dependence as difference
between ¢’ and c is constrained by model prediction.

Sneha Malde: Charm inputs for y measurements, Beauty 2011, Amsterdam



CP tagged Dalitz plots

K " n~vs. CP-even Tags Kin'n~ vs. CP-even Tags

T CIPI dd | 1 1 Asanexample see the
£t 0dd 1 o aof | Dalitz plots for D—K_
2t i fﬁ 30f where the other D
—_ = decays to CP even or
_ B 20
I:u“1 i 18 CP odd decay
= oL 3 J *-J *-‘_ i L I :
e 1l Clear differences due to
& o . okl gquantum coherence
E 3‘3' 1 . 2 3 0 0.5 1 1.5 2
.. CP even| % :
. @ I .
o[ 1 9 1  Event yields:
e S |
AT S 1of 1 K vs CP ~ 1700
1k et 4 T
e . o I
PRI 8 os) | K vs Ko ~ 1700
0 . 0
0 3 2

PRD 80 032002 (2009)
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What binning to use

Binning loses statistical sensitivity in ML
comparison to the unbinned case.

This loss can be mitigated by “smarter” binning o f
approaches

I5F :
e.g choosing bins of expected similar strong 3 E
phase P | 1
- lose 20% statistical sensitivity in comparison 9 - . ]

to the unbinned case. cf ~ 40% for rectangular LI
bins. Worthwhile using an improved model

Using the expected B statistics distribution can
optimize further

“optimal binning” gains ~10% if low
background

Modified optimal best for LHCb bkgs
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Results with new binnings

Equal Ad, Belle Equal Ad, Babar Optimal Modified Optimal
" ' I : I
ey , e |
s Sk -
si nsg 4‘* ' \\“ W / j \\\"'-. 5 ;ﬁ" r.\
"ll * [ T -FL ) I'f 1-" \
o |43 2 ¥, by - o e U |
5|'-?f it -'| ¥ £ W, it "J#f'
-:.:»; l\'ﬁr[-& ‘3 7 415 \—h ) --:;,/ 1.5 m 1 1- H
| T_i:-!-' .9 _q—i -1 —

Good consistency between expected and measured.

L PRD 82, 112006 (2010)
Belle model binning allows for further crosschecks
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Extension to KskK

41802 00-007
18 (o)
_13
:_E? 14
L . oo ERE
Similar analysis for KskKK 3, Bl || Ks®
‘i E %. 8
In addition can use double iz
tags D,—KsKK, D,—K°tx ?
with knOWIedge O.I:Cland Si 10 11 1.2 13 1.4 15 16 17 18 i | 'Iu ”'11”' 'IIIII. ”.“
Of KSTEJ'C I (Gav™iet) |'|'|"'|-:-p;:. (GEvEet) )
T (@)
In total ~550 QC double }
tags d

e (e
venis ¢ [0.02 GaVich)

-3 (L)

1
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PRD 82, 112006 (2010)
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Results for KskKK
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Impact on vy

Uncertainties on ¢, and s; will lead to uncertainties on vy

measurement.

In the limit of high statistics these are:

1.7--3.9° for Kt (dependent on binning)

Preliminary result
from Belle using
this method

3.2--3.9° for K.KK (dependent on binning)

- s, statistical uncertainties dominate

Compare this to a model error of 3--9°

Similar uncertainty, however the model independent
uncertainty arises from experimentally measured

quantities only.
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ADS analysis

B — D(K+JI_)K+) o<1+ (ryry ) + 21,1, cos(dy + 71— 8))

DK- rDe
/ B — D(K_J'L’+)K+) o<1, + 1, + 21,0, cos(d + S5y)

I(éB f(Km)K-
B /v
BK' B QC Pred (r=0.06, cosd =0 no mixing)
Bl Data
Br[D%—Kx*] = 3.89 = 0.05 %
Ru/Rus
! = Krn*/K-n*
dp measured at CLEO ' S S
. 1-4r2cosd .T K-rtt/K+-
QC gives access to different D% DO ! L
superposition 1+2rcosd +y T Kn/CP+
L | L L 1 | N L L | L
dp measurement uses many decays. 1-2rcos6 sy = Ke/CP—
Compares single tag yields (not A 1
affected by QC) to double tags 0 1 2
(affected by QC) Avg (Yield/No-QC prediction)

Also sensitive to D mixing
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Preliminary o, results

First measurement using 281 pb-'

Update with full 818 pb-' on going adding many more decay channels

Previous: PDG,

Parameter HFAG, or CLEO Fit: no ext. meas. Fit: with ext. v, x, ¥’
v (102) 0.79 + 0.13 3.0+2.0+1.2 0.635 + 0.118
x2 (103) 0.037 + 0.024 1.9+2.0+0.9 0.022 + 0.017
rf (109) 3.32 + 0.08 412 +0.92 £+ 0.23 3.32 £ 0.08
cosd 1.10 £ 0.36 0.98 *¢-& .. +0.08 1.15+0.16 £ 0.12
sind -0.04 + 0.49 + 0.08 0.55 0.3, .+ 0.08
§ (") [derived] 22 1 .9 0+22+6 151 27
PRL 100, I21801 (2008) preliminary 818 pb-'
PRD 78, 012001 (2008) results
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ADS - style analysis
DK~ pe o) o F fADO(x)A_o(x)dx
/ \ RFe_’ b= >
A A—
B- f(D)K-

/v Br[D°—=Kn*nn] = 8.1 £ 0.2 %
Br[DO—K-*n%] = 13.9 = 0.5 %

Br[D°—Kn*K ] =0.35 + 0.05 %

rg€ (05 ) DK-

I'(BY — D(—= F)K")x 14 (rgrp)? +2rgrpRecos(ép +v —dp),
Fz(B — D(—+ F )K) X ,,,'I.Z‘ -+ 7";2) + 27’;;7'[)R1.' COS(J/; o= 7Y == 51)),

F*= K=, Kenn®, K=K .
For Knnir and Kan® ry ~0.06. CF (D°—K-x*) and DCS decays (D°—K*x")

However for KnKg rp ~ 0.7 *Both D’—K-=*K, and DY—K*n K, SCS decays.
Promising new channel despite lower branching fractions.
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Double tags sensitive to the coherence factor

Senstivity to Rg and 6 comes from counting various double tag yields.

F*= K, KEnn, K= K.

Double Tag Sensitive to
Not used for K=nK,
as yield =0 > F=vs F (Rp)?

F=vs CP R-C0os(0¢)
information used for
for K=nK, F=vs F, RE1RF2C08(0+ - Of)

_> .

Relies on ¢, and s, F+vs KOrtmt Recos(d¢), Resin(d¢)
measurements

Yield of CP tags
K=, ~3465 K*nn® ~4774, K=t Kg ~122
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Coherence factor results

3350 3350
3 3 300 '
300 L —
i, E i
‘250 19250 g
200 znu; * Best Fit
150 150
100 o R0 =0842007
0.26
50 R__, =0.33%7 0 K= (22714
% 0102030405060708 “g 1 b 010203040506070809 1
Kan R
+ . . Knx"
K=rnte: Low coherence 0 K=n®: High coherence
2 2 .
[ocrg? + rp®+ 2rgrpRecos(dp+0g+Y) Useful in ADS y measurement

improves knowledge of ry

PRD 80, 031105 (2009)
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Preliminary coherence factor results

The coherence around a
resonance is expected to be
close to 1.

'
|
ol xn

)
a

Good motivation to repeat
measurement in a Dalitz plot
bin around the K* resonance.

Bin is 2*(natural width) around ¥ """
the K* mass. /“L'

Ana|ysis iS repeated using .I{g K invar m* (GeV?) I't'.“5 K" invar m? (GeV?)
data in this bin only.

Preliminary CLEO-c Results:
Full Dalitz plot : R =0.73+0.09 065= 8.2+15.2°
Bin 1 : Re=0.961 +0.171, 65 = 25.8 £17.3

2 (GeV?

K " invarm
. CHR

Qo = M W & L dm
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Impact of these results on vy

Expected vy precision using ADS modes at LHCb 2fb-1

—

- 13

RIS :
¢ 1af 3 Inclusion of Krrt®
11E .
wb 3 ! ' : : assuming 1/2 |
: ' * : : yield of Krmr with
E‘ L]
; ®  LHCb Kx/hh ADS/GLW i ; same background
6 A+ CLEO-c &, constraint
Y +LHCbK3r ADS ~ °
: ®  +CLEO-c K3x constraint G(Y) 7.5
190 180 -T0 160 150 -i40 130

Knowledge of coherence factor for D—KnKs means additional
statistics of the decay B— D(KnKg)K can also be used
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Summary

* Quantum correlated decays give access to the
strong phase difference

* Measurements can improve y measurements in
using B—DK

*Allows for Dalitz model independent measurements
*Several measurements from CLEO-c

‘D—K r and KKK

*dx, measurement

*Coherence factor and average strong phase
measurements in D— K, Knn®, KK
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