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= |ntroduction to CLEO-c

= Measurements related to the determination of Y via
B+ _, DK*

AP s DKt

& * D—oK*n*nand DK r*n®

12/9/08 Inputs to ADS gamma from CLEO-c



Introduction to CLEO-c

Detector at the Cornell Electron Storage Ring
(CESR)

Operated at energies around cc threshold

Data sets for flavour measurements:

e E,,=4170MeV .~ 600 pb
Determination of decay constant f, at CLEO-c is a
critical test of lattice QCD and sensitive to new physics

e (Y3770) . =818 pb? [Thistalk]
ete” — (3770) — DD C=-1
e Quantum correlated state:

For example, reconstruct one D decay to a CP eigenstate uniquely
identifies the other D to be of opposite CP
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Status of direct determination ot Y
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= Yis the least well determined angle of the unitarity triangle
with an uncertainty of ~30° from direct measurements

Q GB:1

= Comparison of measurements of y in tree and loop processes
sensitive to new physics

o Side opposite - B-mixing measurements loop only
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‘ Yff()m Bi — DKlL

B — DOK_ B — DK™ suppressed —

K

Extraction through interference
between b—c and b—u transitions —

Require decay of D% and D° _
to a common final state, f(D) B .
poll) 7
DK

A theoretically clean determination of y B

e SM ‘standard candle’
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Atwood-Dunietz-Soni (ADS) Method

PRL 78, 3257 (1997)

19D

f(D) = non-CP Eigenstate (e.g. K'T) D@

I'B- — (K 7n")pK~)x1 (T rEm2 4 orgrB7T . cos(6g — 687 —~) (1)
I'(B™ — (KTa " )pK™) o< 1% + (r5™)* + 2rpri™ - cos(dp + 685" — )| (2)
(BT — (K77 )pK") 1+ (7 rB8™)2 + 2rgrB™ . cos(6p — 05T +7) (3)
Bt — (K 7")pK") ocry + (r5™)2 + 2rpry™ - cos(dp —|——|— 7)) (4)

* From counting these 4 rates, together with those from CP eigenstates
(KK, 7779, a determination of Y can be made

* Can determine &, from rates but external constraints extremely helpful

12/9/08 Inputs to ADS gamma from CLEO-c



‘ Coherent vs. Incoherent Decay

Require yields for
o single tags (one D reconstructed)
o double tags (D and D reconstructed)

D. Asner and W. Sun,
Phys. Rev. D73, 034024 (2006)

ST X(—Q—)i
0T j —D)@)—i

DT K=t e’ C+P C_P
Koo Ru/ Rus QC rate
K*rr | 1+2Ryg —4rcosd(rcosd+y)  incoherent rate

e- 1 —r (ycosd + xsind) 1
CP+| 1+(2rcosd+y)/(1+R,s) 1+y O
CP- 1-(2rcosd+y)/ (1 +Rys) 1-y 2 0

ST 1 1 1 1

Ry=(x*+y?)/2and R, =r*+ry’ + R,

Compare coherent/incoherent BFs

Sources of incoherent BFs:
o Externally measured BFs
o Single tags at (3770)
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Quantum correlations are seen
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1 PRL 100, 221801 (2008)

Yield measurements in 281 pb™" oo o
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External inputs

External inputs improve y and cosd
precision

All correlations among measurements
included in fit

Standard fit includes:
o Info on r needed to obtain co:
Rys=r?+ry:+Ry
Ry = (X +y?)/2
Assume xsind = 0 = y'= ycod

o Kmand CP-eigenstate BFs
Extended fit averages y and y".

o CP+ lifetimes (y)

o KO rtrr Dalitz analysis (X, y)

o KmCP-conserving fits (Y, r%, R,

Parameter Average (%)
Rws 0.409 4 0.022

R\ 0.0173 £ 0.0387
Parameter Value (%)
B(K—7T) 3.81 £ 0.09
B(K2mY) 1.15 4+ 0.12
B(K2n) 0.380 =+ 0.060
B(K%w) 1.30 + 0.30
B(KP=) 1.003 £ 0.083
B(K-K*)/B(K~x") 10.10 +0.16
B(rz=7%)/B(K—7") 3.5838 +0.057
Parameter Value (%)

y 0.662 + 0.211

X 0.811 &£ 0.334

r? 0.339 £ 0.012

Y/ 0.34 + 0.30

' 0.006 £ 0.018
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Parameter Standard Fit Extended Fit

‘ Results y (10~%) 45+ 59 + 15 6.5+ 0.2+ 2.1
Eirst 2 (10 3) 8.0+ 6.8+ 1.9 3.44 £ 0.01 = 0.09
e cos 1.03 = 0.190 £ 0.06 ___1.10 £ 0.35 £ 0.07
determination Ty “15+36+42  0.06+0.01l+0.05
with 281 pb -1 4sins (1073) 0 (fixed) 4.4 4 2.4 4+ 2.9
PRL 100, 221801 (2008) 2, /ndof 30.1/46 55.3/57

PRD 78, 012001 (2008)

= Standard fit result important component
In average of charm mixing

= Extended fit leads to measurement of: = 2 """ oPvalwed |
O = 2+11+9 0 From likelihood scan of 1____5
— —12-11 physically allowed region :
05
o WS semileptonics vs. Kz o O O R S i W
o Additional K% modes AR
o C-even information from 4170 MeV data
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Multl—b()dy ADS Mode Branching Ratio

Kr 3.89%
B—D(Kzzr)K and B—D(Kzz)K can| Ka=° 13.9%
also be used for ADS analyses K3n 8.1%

o Significantly larger branching fractions than B—D(Kxz)K

However, need to account for the resonant substructure

o In principle each point in the phase space has a different strong
phase associated with it

Atwood and Soni [PRD 68 033003 (2003)] showed how to

modify the usual ADS equations for this case

a Introduce coherence parameter Ry; which dilutes interference
term sensitive to y

F(B™ = (K ) K7) O r2 +(rkem)? + 2rBrDK3cos@B +3K )
R.;. ranges from
o l1=coherent (dominated by a single mode) to
o O=incoherent (several significant components)
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Measuring R and 0 at CLEO-c

» The coherent double-tagged rates give sensitivity to combinations of R
and ¢

Double Tag Rate Sensitive To
K*rFrtr= vs. KEnFatn— (Rysq)?
K=nFntn~ vs. CP Ri;,C0S(0%37)
K*nFrtn~ vs. Ry3,COS(OK™— 5437

» We perform selections of these double-tags

e In addition, it is also necessary to perform selections of the opposite
sign K* modes to determine normalisation factors

» Also some CP tags are normalised to Kz vs CP-tag to reduce
dependence on poorly measured BFs
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Event selection
* Selections performed over all {3770) data, corresponding to 818 pb-'.

» Consider 10 different CP tags:

CP Tag K3n yield Knn°yield
KK, Tt 782 1100
K 705 891
KT 1T T0) 319 389
KPP 283 406
K<@(K*K~) 53 91
Kan({yy, iomt}) 164 153
Kon'(remon) 36 61
K 0 695 1234
K o(Tr'TeT) 296 449
Total 3465 4774

CP=1CP=-1
12/9/08

sidebands

* Assess flat background from m,_
and peaking from MC:

- Simulation
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Observables

Define observables which
are the measured rates

normalised to the
Incoherent expectation

o Dependence on D mixing
parameters and JyK*
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2
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CP observables

Weighted averages

K3 . _X’IDOF=7.1/10 | kygf X°/DOF =5.8/1C
. KK : . KK
CP = +1 —o— K e CP=+1 —&— Kgrim
e K, o K,
e K o me— Ko
KT - KT
Kgw —0— Kgw
—e—+ | K@ T Ks®
P=-1 : s P=-1 : s
¢ ———&—— Kgn(w) ¢ — o Ksn(vy)
f Kgn(ri'mert) —e—1 Ken(r'mert)
e K e kal
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CLEO-c preliminary results

Observable K37 Kzn®
Ol 1.112+0.226+0.088 | 0.388+0.127+0.026
Prrs 0.937+0.17620.120 | 0.167+0.099+0.134
Acp 0.073+0.018+0.024 | 0.098+0.015+0.025

Dominant systematic uncertainties:

o p s DCS branching fraction

0 Pyr s K= K*'n”mis-ID rate

0 Agp: statistics of normalisation to Kn vs. CP-tag yields

Smaller uncertainty than using PDG branching fractions
Some reconstruction uncertainties cancel
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‘ K3r likelthood scans

PLs PxrLs

o) S 350
2 s
g § . 300
=] w
250
Hic 200
D26 150
D3 ) =
100
50 reliminary 818 pb™ EO-c preliminary 818 pb™ o CLEO-c preliminary 818 pb™

N T P P R SR R P TR R N P PR PR PR
02 03 04 05 06 07 08 09 1 0 0102 03 04 05 06 07 08 09 1
K3n

0 N I I
0 01 02 03 04 05 06 07 08 09 1

. " _Combined

= Fitto observables and external 3 350 5 ~
constraints on D mixing parameters £ X“/DOF =3.0/1
and branching fractions £
o Correlations included 250 i

= 2D likelihood shows regions R and 6 200 522
space Preliminary 150 M Best fit

Res, =0.24%% [R ,, < 0.57 at 95% cll| w0

>0 CLEO-c preliminary 818 pb

N (16 *2§)° [ No 95% c.I. constrai

% 01 02 03 04 05 06 07 08 09 1
RK3JI

12/9/08 Inputs to ADS gamma from CLEO-c 16



‘ Knrr! hkehhood scans
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Impact of CLEO-c at LHCh "l

These D—K3nm measurements have been input to ADS simulation studies
by LHCb

o Estimated yields documented in LHCb-2006-066 and LHCb-2007-004

One nominal year of running results see significant improvement with the
addition of B—D(K3z)K and the CLEO-c constraints
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Conclusion

CLEO-c data vital for y extraction strategies with
B* —-DK*

First determination of strong phase difference for
D—Kx
o PRL 100, 221801 (2008) and PRD 78, 012001 (2008)

Preliminary results for the D — Kzzz and D — Kza®
coherence factor, R, and the average strong phase, d,
o D — Kzz® very coherent acts almost like D — Kz

o D — K3z notv. coherent but gives a powerful constraint on rg
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Backup
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TQCA extended fit likelthoods
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‘ Systematics

pF{"{rr?rO pF('?r?rU' ] AP{W??O
LS K.LS CP
Norm. Stats 0.005 0.005 0.003
Kr7° BR CF 0.014 0.006 0.011
| K77° BR DCS 0.021] 0.009 < 0.001
Kr BR CF / 0.004 0.001
K7m BR DCS / 0.013 0.002
CP BR / / 0.005
Rec/PID efficiencies / / 0.006
|K7 vs CP stats / / 0.017]
K7 norm. method / / 0.012
O g / / 0.006
‘Double misid / 0.133 | /
Total 0.026 0.134 0.026
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