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'CP-tagging at the $(3770)

Quantum correlations in process e*e- —>L|J(3770)—>DOBO allow for CP-tagging.
Reconstruct one meson in mode of interest, eg. Ks*w, & other in CP-eigenstate,

e.g. K*K- (CP+). Know that the @(3770) is C=-1 & so infer that signal decay is CP-

Threshold running has other practical advantages
(all examples CLEO-c: hermetic detector with excellent EM and hadron PID):
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* Very clean — no fragmentation particles. oo \ Kem*m vs K 0
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CLEO-c accumulated 818 pbt at )(3770). Prospects for more at BES-III

Kgm*n vs K
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CP-tagged D-decays: the essential idea

Dalitz plots of CP-tagged decays at the W(3770) provide orthogonal info to
flavour tagged events accessible in, eg., D* decays. They provide direct
access to the cosine of strong phase difference between the D° & D° (cosd)
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In given bin of Dalitz space suitable combination of flavour & CP-tagged info allows

cosd to be extracted. In fact, quantum-coherence means other hadronic decays,

not only CP-eigenstates, can be used to extract useful information on o, & more...

0

0
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CP-tagged D-decays: applications

The strong phase information provided by quantum-correlated D-D events
IS Important for three main reasons:

1) Interesting in itself for understanding D-decay dynamics and
resulting light-quark mesons produced

2) Strong phases appear in measurements of D-mixing parameters,
eg. studies of ‘wrong sign’ D°—K*r- events

Wantto X=AmIT  peagyre: X' = XCOSOr + ¥SIOr g ooy 5,

know: y = Al'/2I y' = -XSindy.. + YCOSOy .

3) Invaluable for measurements ‘ T e
of CKM angle ~ (¥,) in B—»DK 0_5@ _ 3
decays (main focus of talk) - \ N

= :__ N QD 1

Present direct measurements N3 e S \ 5
give v = (70 *37) © (CKMfitter) WE e S
A B i

Quantum-correlated D-decays o er e e e e e

will play crucial role as B-decay statistical uncertainty decreases e.g. at LHCDb
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'Y from B* - DK*

B — DOK_ B — 5OK_ <BT — DK~ >

 Extraction through interference between B f(D) K

b—u and b—c transitions '( ™) )
Iy

* Require D% and D° decay to a common
final state, f(D). Some examples: .
b & Op analogous to B-decay quantities.

KO%hh'; Kn ; K ; Ko For 3, 4-... body decays, these
« Comparison of B-and B* rates allow ~ parameters vary over Dalitz space
to be extracted. But other parameters
iIn game. In particular invaluable to have constraint on &, — the very
guantity we can access in quantum-correlated D-decays !
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Study of D—K w7 and
D—K. K"K Dalitz Plots in
Quantum-correlated Decays

 Motivation: B-factory B—D(Ksm*n)K model dependent analyses
 The binned model independent B—>D(Ks*n)K analysis
« CLEO-c quantum-correlated study of D—Kgn*r-

* CLEO-c quantum-correlated study D—K KK
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B-factory B—D(K.;h"h)K Dalitz Plots for vy

{1/ DK\ ~ A powerful (and at present, only statistically useful) choice
B o) f(D)K  of common state f(D) is K;h*h- . Rich resonant substructure.
e

Differences between B- and
B* Dalitz plots allow y to be
extracted in unbinned fit...

...need to understand different
amplitudes from D° and D°
decay across Dalitz space,
esp. variation in strong phase

s, (GeVic?

B*—(D—K%n*r)K*

s. (GeVZc?)

s (GeVZch

s, (GeVZcY)

BABAR,: arXiv:1005.1096 [hep-€eX]

preliminary

Present approach of BABAR [1] & Belle [2]: construct Dalitz model of Kow*n with

flavour tagged decays. Impressive work — estimated model uncertainty of 3-9°
which is << statistical error. But LHCb hopes to reach 3° stat error with 10 fb?

Highly desirable to have high precision model independent approach

[1] BABAR, arXiv:1005.1096 [hep-eX]; [2] Belle, PRD 81 (2010) 112002



‘Binned Model-Independent Fit

Binned fit proposed by Giri et al. [PRD 68 (2003) 054018] and developed by Bondar
& Poluektov [EPJ C 55 (2008) 51; EPJ C47 (2006) 347] removes model dependence
by relating events in bin i of Dalitz plot to experimental observables.

B* events in bin Number of events for X, = [gCOS(0g )
i of D\:Jl“tZ plot fIavA(ﬁ—tagged D sample / V.=, Sin(S, )

Nz'i = h(Ky; + T%K:Fi + 2/ KK _j(xac; & ysis;)) Can be measured

//v directly in quantum

C;S;: average in bin of cosine, sine of strong phase difference correlaqtf(esd?(;g;ays at

Choosing bins of expected similar strong

phase difference maximises statistical precision
Here take 8 bins of equal spacing in Ad, (using as
reference model: BaBar, PRL 95 (2005) 121802 )

Small loss in statistical sensitivity w.r.t. unbinned
result...(here ~20%) but no model error!

V<

- N W A O N ®

M2(KS ")
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CLEO-c Quantum-Cortelated Kq; 7" 7~ Analysis

Use 818 pb'l of L|J(3770) data. R. Briere et al., PRD 80 (2009) 032002
Mode ST Yield K2ntn~ yield K)nt7~ vield
* Flavour tags: ~20k double-tags Flavor Tags
K at 144563 £ 403 1447 2858
. CP'tagS ~1600 double_tags K—gtq0 258038 + 581 2776 5130
' K-atata— 220831 4+ 541 2250 4110
— needed for c; extraction Kooty 19040+ 4501 1858 :
CP-Even Tags
° KOW"'T(' VS KO’K"'TV events: ~1300 KTK— 12867 4+ 126 124 345
Tt~ 5950 £ 112 62 172
— needed for s, and c, extraction  Ksr'x" 6562 + 131 56 -
K9r0 27955 + 2013 229 -
« K m*r events are also used: — . icif%og/d 1\%89 _
o~ _ Sﬂ— Yl oY )
KSw 8512 + 107/ | 83 -
. o VI — /
Signal to background 10-100 i i - [ /[ 56T |
depending on tag mode fr

gives information unique to w(3770) analysis
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‘ CP-tagged K n" 7 Dalitz plots

Clear differences seen hetween CP-odd and CP-even:

KS n*n-vs. CP-even Tags K{n*n~vs. CP-even Tags
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CLEO-c results on ¢, & s., and implications

R. Briere et al., PRD 80 (2009) 032002 Projected uncertainty on ~ arising
(model = BABAR PRL 95 (2005) 121802 ) from uncertainty on ¢; & s;is 1.7°:

Mean 60.54

~ Model prediction 1000 RS 1.65
Result & 800

Entries/2

50 55 60 65 70 75

v ()
Smaller than estimate of model error, &
(more important!) experimental in origin,
dominated by finite CLEO-c statistics

(But recall that this binning gives ~20%

loss in o, W.r.t. unbinned approach)

sin ©,(s)

0.5 0 0.5 1 Finally, note that ¢, & s; can also be used
cos 0, (¢) as inputs in K¢ charm mixing analysis,

See. Bondar, Poluektov & Vorobiev, arXiv:1004.2350

1
—

Broad agreement with predictions
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Recent developments

CLEO-c has re-performed Ksn*n™ ¢, & s; measurements with same data & approach
(+ some improvements on systematics) but with alternative binnings. Motivations:

» Better model — better chance bin choice will give expected statistical precision

- Much improved BABAR model [PRD 78 (2008) 034023 (2008)] . e.g. K-matrix
for tm S-wave & better description of Kn S-wave. Take as baseline.

(Aside: even more recent BABAR model (arXiv:1005.1096) very similar to this.)

» Within given model, possible to find binnings with better statistical precision
than original equal Aé , choice.

- ‘optimal binning’ which in low background environment gives ~10%
improvement in statistical sensitivity w.r.t. equal Aé , choice

- ‘modified optimal binning’ which does same as above, but for
scenario where more background expected (use LHCb expectations)

» More binnings give experiments opportunity for cross-checks
- Produce equal A  binning results using Belle model [PRD 81 (2010) 112002]
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‘ New K 777~ binnings — preliminary results
Equal Abd Equal Abd Optimal binning Modified optimal
(BELLE) (BABAR 2008) (BABAR 2008) (BABAR 2008)

m(Kr)?

o = N W » OO O N

o - N w > ] o ~ 0
o - N w » G o ~ ©

— Statistical

—a— Svstematics

 Model Expectation

e s— :\‘\\\Illll\‘\\\\lllllll\ll
-1 -0.5 0 0.5 1 1.5 1 05 0 0.5 1

Reasonable consistency between measurements and predictions i
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Extending to KKK

Dalitz ~ analysis can be extended to B—D(K;KK)K. Pioneered by BABAR
[PRD 78 (2008) 034023 & arXiv:1005.1096] Who have built an amplitude model with

flavour tagged decays
Measurement of c;’s and s;'s also performed at

Flavour tagged K<KK decays CLEO-c using ~550 quantum-correlated double-tags
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‘ KKK c,, s; analysis

c; and s, results calculated with equal Aé  binning for 2, 3 and 4 bins.
An example — 3 bin division and preliminary results:

w
|Bin number]|

measurement
05

m*(KK) (GeV’ic’)

]

Areulwnaid 2-0371D

1:r\l\\|\l\l‘l\l\|\llll \\\\\\\ |\II ‘ ‘ ‘ ‘ ‘
1 11 12 13 14 15 16 1.7 18

mz(K‘;K*) (GeVch)

Above based on BABAR, PRD 78 (2008) 034023. Final results based on BABAR
model of arXiv:1005.1096 to be published v. soon, together with new K n*r results
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Other CLEO-c quantum-
correlated measurements

* CLEO-c coherence factor analysis of D—Knnn, Kt
 CLEO-c analysis of D—K= strong phase

Quantum Correlated D-decays at CLEO-c
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Measuring 05T in Quantum Correlated D Decays

Strong phase difference &,K™ between D° and DO— K of great interest as free
parameter in B—DK analysis (K=n v. important mode) as well as mixing studies.

Usual idea: tag one D in CP eigenstate, other side is mixture of D% and D°, hence:

Rate ~ B.p, B, (1 + 2r; cos d,<v)

Approximate - full expression has additional oo e S
dependence on mixing parameters X & y... e S N o

. : 25
Analysis: measure set of single & double tag with CLEO-c
rates, with K« vs CP tags, & flavour tags. A
Extract results on ¢~ , mixing and BRs. o
Existing analysis uses ~1/3 of total dataset.  without -
In isolation results on K™ and mixing not e i
competitive with B-factory results, but good 0325 =2 =15 -1 =05 0 05 1 15
precision achievable with external constraints ° tradians)

bo) " (22+E+21)0 Also resolves two-fold ambiguity in K™ solution !
D —_— —

Update will appear this autumn using full dataset and additional tags

23/7/10 CLEO-c: PRL 100 (2008) 221801; PRD 78 (2008) 012001 17



CLEO-c Coherence Factor Analysis

Double-tag technique can also be used to measure mean strong phase difference,
®, and ‘coherence factor’, R, for decays such as D?, DO—K-n*n® and K-n*nr*

Coherence factor expresses decay to which intermediate resonances act in
phase if final state is used in an inclusive manner in B—DK ~ measurement.

Kr® — very coherent, acts similarly to Krnw — lower coherence favoured,
two-body decay. High ~ sensitivity ! so less sensitivity to ~ (but helps fix rg ')
53500 ‘§350
2 300" 300

< C
B C L =]

%5250 © 250
200~
150

100-
50—

N. Lowrey et al.,
PRD 80 (2009) 031105

E”H N T T N P N P ST I i N NS NN NN NN RN N
0" '0.10.20.30.405 06070809 1 % 0.10.20.3040506070809 1

R0 Ryax

Updates under consideration using K¢nr (& corresponding ¢, s; info) as new tag.
Analogous measurements underway for KsKn final state.
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‘ Conclusions and Outlook

CLEO-c results available for D decays in several quantum-correlated analyses:

* D—Kgr*n™: ¢;and s; in 8 bins of equal width in Ad } All @(3770)
« D—Knrm, Knr0: coherence factor & average strong phase difference data used
« D—Km: strong phase difference ~1/3 w(3770) data used

These results provide invaluable input to the y measurement !
Final or new preliminary results available v. soon on additional topics:

* D—KgKK: c;and s, measurements
* D—Kgn*n : variety of binnings offering improved precision / based on better model
* D—Kr : full statistics

And possibilities exist for analysis of other channels, e.g. D—>K K*r", DK n*tnn©

BES-I1Il should be able to repeat and extend these studies with higher statistics.
First w(3770) running already underway — almost 1 fb-! already accumulated.
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Backups
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Atwood-Dunietz-Soni (ADS) Method

- o1
Low interference scale of B—DK method ,DK i D
(rg~0.1) can be enhanced by exploiting p \
Doubly Cabibbo Suppressed modes ADS K T K
eg. DO—K*r ‘ )

rpe’ B —2
This introduces two new parameters: B DK
0 — 'IT ™
<D’ — K'n > _ r‘f)"e%% r[K) known well, 5§ unknown

—0
+ —
<D — Ktr™ > ™ ~0.06, ie. similar in magnitude to ry

4 possible final states, for 2 of which there can be a big CP-asymmetry:

(B~ — (K77 )pK™) xrj + (rp")°

L(BT — (K-7")pK™¥) ocrg + (r5™)?

2?“3?%'” -cos(dp + (Sg"’T — 7y
2rpr8T - cos(dp + BT +

A
A powerful way to constrain Y, but need to know 6[*;" these interference

Can be measured in quantum correlated D decays ! terms are 1% order

Quantum Correlated D-decays at CLEO-c
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‘ Modelling the K n*n" decay

Unbinned fit of Dalitz space in B—>D(Kn*n)K decays requires reliable
model of D decay. Model developed on flavour tagged D* decays.

State of the art — BaBar model fitted from 487k decays:

™

[N

< T T < 6000—‘ T T | T T T T T T T T |7¢ T T T T | T T T T T T T T T T T T o

30000 | 1R & 6000 % - 3

o

3 ‘ 3 I3 4 =

o O i o 2.' [oe}

3 ¥ 4000+ ' 4135 S

S 20000 \ 15 ] g\t 2 4000 18
o o I -

g g N / \ § ]S
[+

210000 . 12 2000’1‘ } @ 2000+ . @

w lk’~ w f \ ! \‘ o

] I ! -

KMJ ||k’u J|\|% s

0 1 2 3 0 1 2 3 % 0.5 1 15 > 2

m? (GeVZ/c?) m? (GeV2ic?) m3 (GeVich)

Ingredients — 10 resonances described with isobar model. S-wave nr and
Kr treated with K-matrix approach and LASS parametrisation respectively

(x? / ndf = 1.11 to be compared with 1.20 for pure isobar model)

Impressive work — error on y estimated to be 70" But model systematic, even
this small, uncomfortable for future very high stats measurements eg. LHCDb.

Quantum Cortrelated D-decays at CLEO-c * 50 error on previous page
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A Word on K, w*7in CLEO-c Analysis

CP-odd Ksm*n = CP-even K n*r~ & so latter can be used to increase statistics

K m e Kgm¥r

Kor* - vs. CP-even Tags Kn*n-vs. CP-odd Tags
3 T T T

This approximate equality is seen in data

\ % 30 — CP-even tag > * _ CP-odd tag
. _ %
There is however a correction term: 8 of 2"l
~A(D° — K{ztr7) = R N
0 0 0 0 K?r* 1t~ vs. CP-odd Tags K¢n*n-vs. CP-even Tags
A (D - KSWJFﬁ*) 7\@A (D 7 KflavourWJrﬁi) I ' ‘ ' ' ' '
CF+DCsS DCS s CP-odd tag NE 40 CP-even tag ]
9,20; ] g 30
. %10:— 2 2o ]
Correction order tan20, — accounting for 1 MWMW £ of mﬁﬁ[
this introduces small model dependence T br SR SO 1| LU

M(r ) M2 ()

In analysis we measure separate c’, s’ for K n*r, which differ from c, s; by
offsets which are floated in fit, but constrained with conservative uncertainties

Quantum Correlated D-decays at CLEO-c
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‘ Impact on -y Measurement

CLEO-c analysis has eliminated model error, 1200 Vean 60.54
but there is a residual uncertainty on ~ arising 1000 - RS 1.6
from finite knowledge of c,and s.. & %
This has been estimated with a ‘toy MC’ with g .|
many simulated B—D(Ksn*r)K experiments. ol
Error of 1.7° (recall model error = 7°) oL— —

With this result the reduced (~20%) statistical precision of binned analysis w.r.t.
unbinned fit will soon be overcome at LHCb, with statistics dominating uncertainty

a 25 L] I LI L I rrrua I LILELI IE
o 22.5 . w B
B 20¢ Amplitude fit}... 3 ~ error after 10 fb1
s 175 F ) = Binned fit —
I R s S S S S S .
— 125 pp SN e E Amplitude fit: 8.5°
S 10F i T ee—mm—e—e b 1.~ P
e B S e S e e S ~ _ _ )
2§ LHCD ~ from BoD(Kyrm)K T < Binned fit: 6.0
'0i.|....|....|....|....i....i....i....i....i....§
1 2 3 4 5 6 7 8 9 10
Integrated luminosity [fb~ ]
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Extending ADS to Multi-body D Decays

ADS method can be extended to other decays with D—K + nr, eg. K*fn*¥rn*n

Only difference: intermediate resonances such as D—K*p, K a,(1260)*,etc
mean that many amplitudes contribute, each with their own strong phase

If we make no attempt to isolate a particular resonance, then interference
term is diluted by a ‘coherence factor’ R,;_

F(B™ - (K'mmmm),K)Org+(rk*)*+ 2rBrE§<‘°’cos(5B +05% =)

/

Rys. can take value between O (incoherent) and 1 (2 body, single amplitude limit)

This is not present in Kn case

O3 IS NOW the average strong phase difference over Dalitz space

Rys, and K™ can also be measured at @’ [ Atwood, Soni, PRD 68 (2003) 033003 |
Analogous parameters exist in related channels, eg. Knw®. CLEO-c has
measured coherence factor and strong phase in Knnr and Knr0,

Quantum Correlated D-decays at CLEO-c
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Coherence Factor Analysis Event Yields

Analysis based on full 818 pb-! y(3770) CLEO-c dataset

Use 10 separate CP-tags:

CP Tag K3r yield Knn'yield
KK, nr 782 1100
K m? 705 891
K o(m*mm0) 319 389
K mon? 283 406
K 0(K+K-) 53 9]
Kn({yy, T n’}) 164 153
Kn'(m'mm) 36 61
K, n? 695 1234
K, o(m*mmo) 296 449
Total 3465 4774

CP=1,CP=-1

Other classes of double tags are suppressed (but

generally very sensitive to physics parameters)
so yields low: eg. 29 K*rw vs K*r events

Flat background assessed from
m,. space; peaking from MC

100_—

L Krrovs KK

Entries 874
Underflow 0
Overflow 0

o
QrTT
wl

- b nem o 0
1.87 1.88 1,89

My [GeVicT]

GeV/c?

2 My

1.85

1.84

'1I‘I\II‘\I\\\IIII\\I‘\II\

B I T

188 189
D, My [GeVicd]
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‘ Results for observables

Calculate ratio of observed number of events, p, to expected number with
zero coherence (= no quantum-correlations being present)

CP-tag results internally consistent Results for all observables

Koo KO :Knmm
+ - O —'—0— K*nm vs K*nt PLs
e KK 5
N . * +
CP = +1 e Ker'n® o " Kinmvs K91 Pk, Ls
o K.’ ' o
L —e— K::co L L cPe Pcp+
4:|—+ CP- Pcp-
: : Krr®
| B Ksr’ : ——A— Kinnr vs Kirm© ngq;, LS
—e— K :
CP = -1 —.— Ko ...|...|...|...|...i...l...l...l...l...l
T —e— Kn(vy) 0 02040608 1 121416 18 2
— Ksn(r'mn’) Observed / Incoherent Expectation
N Ksn'
R Km0 looks very coherent; Knnw does not

PP BT IPEPIT EPEPE EMEPE SRR BT PP PP AP
0 02040608 1 1214 16 1.8 2

(note that expected sign of shift for given
Observed / Incoherent Expectation

parameter value varies between observables)

Quantum Correlated D-decays at CLEO-c
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Results for Observables & Parameter Extraction

Observable  Value * stat + syst
pEET 1.077 £ 0.024 £ 0.029
pE3T 0,933 £ 0.027 £ 0.046
pRET 1112 4 0.226 + 0.102

PR s 0.971 = 0.169 + 0.062
pEET 1.073 + 0.020 + 0.035
pEE0.868 £ 0.023 £ 0.049
PRI 0.388 4 0.127 + 0.026
pEITS 0170 + 0.072 + 0.027

PRI o 1,221 + 0.169 £ 0.080

* Systematic for p., dominated
by an internal uncertainty
associated with normalisation,
which is statistical in nature

» Systematics for other observables
are small, and dominated by
knowledge of BRs

Observables depend on R and 0, as well
as ratio of DCS to CF amplitudes, r,
and the D mixing parameters x and .

2
K3z _ 1— RK3;z

Prs = 2 2
X"+ R :
1+ yz— Kz (ycosdy " —xsin g, )
2(rK37z) 7, 4
D

Kz

K37 2 K31
D D K37
1+ 2—| =2 Ry, cosd,

K3rx
pK;z,LS

x4y

110[ (y cosd,," —xsin §{§”)

1+ 5
2(7’5”) "p

K3r __ K3rx K3r __ _ K37 K3rm
Pere =1EALT where A" =y —1) "R, coso,

Perform fit to extract R and d , using
external constraints on other parameters
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‘ CLEO-c Results for Ry, _and 65°7

~ +0.20
Ris. = 0.33 13

+26 .0
O3 = (114 53)

Low coherence preferred

v b b b b B e
% 0.10.20.30.40.50.60.70.80.9 1
RK31t
Rs being low means interference term — 0, giving rates high sensitivity to
rg, which is very valuable constraint for sister B—DK analyses !

M8~ (K7 7)o K ) D1+ (15°7)? + 21§ "R 3, 008(@, + 05"~ )

badly known
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CLEO-c K & Kmrmrd
Coherence Factor Analysis

Sensitivity to the Knnm coherence factor and average strong phase difference
comes from counting the following classes of double-tagged events:

Double tag Rate Sensitive to
Kim+ntn vs KErmrme (Rys.)?
Kir+n0  vs K*r+mO (Ry,..9?

K+t vs CP

Ktm+70 vs CP

K+t vs KEr+

Ktn+70 vs K+

Kir+ntn vs KEr+n©

Ry, COS(OK3T)

R, o Ccos(&K ")

Krw

Ry3. COS(OK3™ - BK)

R, o COS(&K™ - §K™)

Knr

Ry Ry..0 COS(BK3 - FKnm”)

Krr

23/7/10
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Impact of CLEO-c on LHCb «v Measurement

Expected ~ precision at LHCb with 2 fb-1 of data (one year) for ADS modes alone:

e LHCb-2008-031
o v ; Improvements in going
o ¥ ! ! from Kx ADS (+KK, ) to
ji_ ® LHCb Km'thADS/GLW* e : Knrr ADS & adding
L e constraints from CLEO-c
= -10.' '+§L'EP_'G'K1'3:'COHSt'raé|;t a0 a0 agln . (no LHCb study of KnrO yet)

Add other measurements, especially B—D(K n*m)K, & extrapolate to 10 fb!

5 =19-270 ---Inwhich B—DK methods have a weight of ~70%
K ' ' (variation in number depends on values of phases)

Understanding of D decay properties central to precise measurement of ~ !
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'CLEO-c 281 pb-! Results for 8 K™

Result also important for charm mixing Fit results with all external constraints
(X', y' measured in ‘wrong sign’ K=Tr
analysis related to x, y through: P\’?r(allélbe)ter 10412*3?:?151;138 -
— K i K N 042 £0. .
X' =X COS O™ +y sin Oy, “™) y (1079 6.540.2+2.1
r? (1073) 3.44 £ 0.01 + 0.09
_ cos 6 1.10 + 0.35 £ 0.07
Most precise result s T 22 (107%) 0.06 £ 0.01 £ 0.05
on & K obtained 9 rsind (1077) 44424429
_ . = K=" (%) 3.78 £ 0.05 + 0.05
with mixing results - KK+ (1073%)  3.88 +0.06 + 0.06
-

ot (107%) 1.36 £0.02+0.03

used as external !
K%7%7% (1073) 8.35 £ 0.44 £ 0.42

constraint:

K37 (%) 1.14 £ 0.03 £ 0.03

K%y (1073) 44240154028

K%w (%) 1.12 4 0.04 £ 0.05

Km +1149 Y X-etve (%) 6.59+0.16+0.16

5D— (22_12_11 0 40 80 K7 (%) 1.01 + 0.03 + 0.02
d (degrees) X2, /ndof 55.3/57

Result will improve with full 818 fb-! data
set and inclusion of additional tags
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