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Testing the Quark Mixing
(CKM) Matrix

#The CKM matrix provides the only BE
mechanism for CP violation in the
SM.
o[t 1s an important goal of flavor
physics to measure — and
overconstrain — the parameters in

the CKM matrix.
*Non-perturbative strong effects
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Testing Theories of Strong Interactions

sMeasure form factors in D—7/v and validate theoretical calculations
»Can then use this to extract |V | from B—Tiv

*B mixing 1s well measured
Am =(0.50210.007)x10-12 s

» But |V, | from Am , has large
uncertainties from f
oCLEO-c can measure f,
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Outline

*D physics at y(3770)
*Hadronic branching fractions
*Semileptonic decays

sD*ptv,
+DS scan
*Summary
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Hadronic D-decays ando (e e — D D)

*Based on 56 pb! of data recorded at y(3770)

*The y(3770) decays to pairs of D mesons — and no other particles
sUse a 'double tag' technique, pioneered by MARK III

Ni=€i2BiNDT) N Nl.Njel.j
DD
Nl.j=el.jBl.BjNDb 4Nl.jel.ej

oUse 3 D’ modes (K", Kt'n’, and Kt'tt') and 6 D" modes (K t'rt,
Km, Krtnnd, Kt nt, Kntnd, and KKt)
sDetermine separately the D and D yields
oThis gives 18 single tag yields and 45 (=3°+6°) double tag yields
» In a combined y” fit we extract 9 branching fractions and D°D° and

D'D yields. The fit includes the systematic errors.
*Many systematics cancel in the DD yield (e.g. tracking eff, PID eff.).
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Single Tag Yields (56 pb1)

(D> K'n*

[D*— Kn*m* | D*— Kar*
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Double Tag Yields (56 pb1)
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» The statistical errors on the double tag yields set the errors on
the branching fractions (assuming the single tag yields don't
dominate the errors).
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Results from 56 pb-! (PRL 95, 121801)

Parameter Fitted Value Aprsr
Npopo (2.01 £ 0.04 £0.02) x 10° —0.2%
B(D® — K ) (3.91£0.08£0.09% —2.0%
B(D — K~ ntx%) (14.9+03+05)%  —0.8%
B(D' — K ntrtr™) (8.3+0.2+0.3)% —1.7%
Npip- (1.56 £ 0.04 £ 0.01) x 10° —0.2%
B(D+ — K- ntah) (9.54+£0.2 £0.3)% —2.2%
B(DT — K rratr%)y  (6.0+£0240.2)% —0.6%
B(DT — KJnT) (1.55 £ 0.05 £0.06)% —1.8%
B(DT — KS7T+7T0) (7.24+02+04)% —0.8%
B(D' — K3rfnta ) (32401 +£02)% ~1.4%

B(DT — K+K—w+) (0.97 £0.04 £0.04)%  —0.9%

Our branching fractions are corrected for FSR (so they include ¥'s)
Using our measured luminosity of 55.8+0.6 pb"' we obtain:

o(e*e—D"D")=(3.60+0.07+0.07)nb o (e*e = DD )=(2.79+0.07+0.10)nb
o(e"e—>DD)=(6.39+0.10+0.17)nb

CLEO-c inclusive: o (e*e — y(3770)— hadrons)=(6.38+0.08"7 ) nb
(PRL 96, 092002)
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Comparison with Other Exp.

Br(D’—= K ") Br(D"—= K ' mtt)
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With 56 pb-! CLEO-c measurements are best available, will collect 750 pb-!
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D+
d

Cabibbo- favored
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Preliminary Results

281 pb-!
E'mo;_ D* > Kotr D" > Nl
Eﬁn{l;—(3879i71 events) (487+38 events)
% 500
& a0
e - .
some tag ,/ 300— D™ > T
mode - (176+13 events)
200
Reconstruct tag D and pion, look 100 =
for signal in the recoil mass -

0.1 005 -0 005 01 015 0.2 025 03 035 04
Missing mass squared (GeV*2)

e B(D* =K1+ B(D* =K’ 1) =(3.06 + 0.06 £ 0.16)%
* Asymmetry = (K% — K°)/(K° + K°) =-0.01 £0.04 £ 0.07
—  Consistent with 10% prediction.

e B -nm)=(0.39 +0.03 +0.03)% [ PDG2004 has (0.30 + 0.06)% ].
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Dalitz Plot Study of D’—>K*K-rt?

#*Can be used to measure Y in B*—DK*

735 events with 82% purity in 9.0 fb-! from CLEO III data, E_~my s

24Ur— : _ K*_
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my— o2 (GeV/c?)?
*Measure strong phase of 332°+8°+9° between D'—K-K* and D’—K K-
*Destructive interference in K -K * overlap region
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Exclusive Semileptonic Decays 56 pb-!

sRecoil against fully reconstructed D
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F1rst observation

10}

D—>pev‘;

- g .- I=
Bl I o - o PR o S
B e
I I et l‘ b Tl o 5 Y A O Y |

0.00 0.10 0.20 0.30
Flrst observatlon

D+ao)e+v

—0.25 —0.125 Q.25

U= E(mlss) — I'-"(mlss) (Ge\f)

(PRL 95, 181802, 2005, and PRL 95, 181801, 2005)
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Summary of Exclusive Semileptonic
Decays in 56 pb-1

Mode B (%)

B (%) (PDG)

0.26 +0.03 + 0.01
D’ -+ K etu, 3.4440.10+0.10
D’ - K* (K 7°%)etv. 2.11 £0.234+0.10
D’ - K* (K7™ )etve 219 £0.20 +£0.11
D° = p etre 0.19 +0.04 £ 0.01
DT = 7Ty, 0.44 4+ 0.06 + 0.03
DT = K% ", 8.71+£0.38 £ 0.37
DT - K*%" v, 5.56 £ 0.27 £+ 0.23
Dt = pleTu, 0.21 £ 0.04 £ 0.01
DY 5 we'tv, 0.167097 +0.01

D = nmetu

0.36 +£0.06
3.58 £0.18
2.15£0.35
2.15£0.35
0.31+0.15
6.7£0.9
5.5 £0.7
0.25 +£0.10

sMost modes are improvements over the PDG

eIncluding two first observations

oDV—p-etv, and D*—we'v,

B PDG 2004
ILI B CLEO-C(57/o0)

o -+
D> Ke'v |!|

0 -
D> ne'v

D°—> K (K n%)e'v -
D°— K (K%n )e'v _
D°— p e’y _
D> ne’v :

D> KK " )ev -

D> K° e*v
D*—> p’e’v =
D'> we'r e —

o 1 2

BES results:
PLB 608 24 (2005)
PLB 597 39 (2005)

sMost systematics can be reduced with more data
eUpdating analysis to 281 pb-! and studying form factors
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Inclusive Semileptonic D-decays

281 fb! (Preliminary)
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*This analysis uses only the cleanest
tags: DK 1t and D*—K
sCorrect for e momentum cut

*Obtain the branching fractions

Br(D'—> Xev,)=(16.13+0.20+0.30) %
(PDG: (17.2+1.9)%)

Br(D'— Xev,)=(646+0.17+0.12) %
(PDG: (6.87%0.28)%)

*Using the measured lifetimes we
obtain
I'D'->Xev,)
r(p’-Xxev,)
*The sum of exclusive final state
Y Br(D"—=X,ev,)=(15.1+0.5+0.5)%
Y Br(D’- X,ev,)=(61+0.2+02)%

=(0.984 +0.028+0.015)
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I'(D"—>["v)=

G

8

f?TmZZMU 1

5 |2
m, p)

2

M .

D

|Vcd

» A precise measurement of f . allows precise comparison with
theoretical calculations, such as lattice QCD.
»This will help determining £, which currently can not be
measured in leptonic B decays.
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Analysis Technique

TC‘ =+
K Tag D — fully reconstructed

T
e >@154 e

Vu Signal D

+

U

» Detect muon and make sure it recoiled against neutrino.
s Extract signal in M* _ which peaks at 0.

miss

»This analysis uses ~160,000 fully reconstructed tags (281 pb!)
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Observed Signal (PRL 95 251801 (2005))

*For events with L candidate form
2_ 2 5 a2

MM _<Ebeam_ Eu) _(_pD'_ pu)

=Signal will peak at MM"=m’ =0

“Yellow book” MC Study

I I ' I ' I
700 - -1 50

1fb'CLEOe ]
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0
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100
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_152— : -
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s # ' 1| D">K’m]
i EI_I|J_|_v—||_| N
| -0.05 0 005 | L -
L 50 Signal | |
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_ ﬂﬂﬂLn . T
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Br(D'-pu'v,)=(4.40+0.0.66,,)x10™
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Comparing with Theory

EXPERIMENT

CLEO-c —— 222.6116.7 55 MeV

BES H o—iF
e — o o

THEQRY |

iLattice QCD Exact Chiral Sym.

———+ Quenched Lattice QCD (UKQCD)

+—e— Quenched Lattice QCD

|
_—
X

'—*—*I QCD Spectral Sum Rules
— : QCD Sum Rules
’ : . + Relativistic Quark Model
: . Potential Model
: . Isospin Mass Splittings
100 200 300 400
fy+ (MeV)
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Scan for D, Running

*CESR/CLEO-c performed a scan from 3980 to 4260 MeV
«Optimal point for D_physicsis at £, =4170 MeV.

o Producing D D" pairs

1630501-059
1 1 1 1

6 B 1 I | 1 1 1 I | 1 I‘I k I+I 1 1 I 1 1 1 1 1 1 I
= T =
S| vy o 1 . _
~ A
- MARK | i < :
41— MARK Il LGW —
oc F MEA .
3 —
2 = I ]
u J/yw(1S) w(2S)
: [ [ I | [ [ [ II | [ II [ I | [ [ [ | [ [ [ [ | [ [ [ [ | [ [
1 2 3 4 5 [$ 7

E.., (GeV)

sPlan is to take about 750 pb'! at E_ =4170 MeV

» Should allow us to measure Br(D — ¢m) to about 4%
s fp, to a few percent
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Summary - Outlook

* CLEO-c has recorded 281 pb-! at y(3770)
»Hadronic and semileptonic branching fractions from 56 pb-!
»Should soon have results on 281 pb-!, including form factor
measurements in semileptonic decays.

°Measured ,=222.6+16.7', in D*>p'v,

»Plan is to take 750 pb-! of data at the y(3770)
o Performed scan for D_ running

sRecorded ~70 pb! at E,_=4170 MeV

»Plan is to take 750 pb-! at this energy
»Should allow measurements of D —T to 4% or better
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Backup Slides
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D->n@*)m(zm?%) (PRL 96, 081802 2006)

*This analysis doesn't use D-tags.
sMeasure ratio to normalization
mode

Mode B (x10-3) PDG (x10-3)
TUTT 1.40+£0.04+0.03 1.38+£0.05
TP 0.78+0.05+0.04 0.84+0.22
T T 13.3+0.2+0.5 11+ 4
TETPTP < 0.30
TUTUTT TC 7.42+0.14+0.27 7.3+0.5
TOTC TOTP 10.2+ 0.6+ 0.7
TUTUTC TCTP 4.31+0.44+0.18

Entries /0.5 Mev

?T?T?T?T?T

kL |||”| i 20004

1.86 1.88

Mass (Gev /%)

Entries,/C.5 MaV

1.84 1.66 1.88

1.84

1.86

100004

188  1.84 1.86 1.88
Mass (GeV /)
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D'— K-t and D*— K-ttt Systematics

Source 56 pb~t 281 pb~! 750 pb~!
Trk. eff. 0.7% 0.35% 0.25%
Kaon PID eff. 1.3% 0.3% 0.3%
Pion PID eff. 0.3% 0.2% 0.2%
AFE selection 1.0% 0.3% 0.3%
Fit shape 0.8% 0.5% 0.5%
FSR 0.5% 0.5% 0.5%

Res. Sub. Structure 0.6% 0.4% 0.4%
Double DCSD interf. 0.8% 0.8% 0.5%

DY — K77 Stat 2.1% 0.9% 0.6%
DY — K 7T Syst 3.1% 1.3% 1.1%
D — K—#nt Total 3.7% 1.6% 1.2%

DT — K—77xnT Stat 3.9% 1.2% 0.7%
DT — K 777" Syst 2.6% 1.4% 1.2%
DT — K7 7" Total 4.7% 1.8% 1.4%

sSystematics limited at 281 pb-!
sSome systematics should improve with additional statistics
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D™ — ™" v, Results

50 signal candidate events with the following backgrounds

Background B (%) # of events

DT —=rta’ 0134002 140£0.18£0.22

DT =K% 2774018 0.3340.19£0.02
DT—=7v  26xB(D"—pv) 1.08+£015£0.16
DD’ DD~ — <04, <04, 90%C.L.
continuum ~~ — <1.2 90% C.L.

Total 2.81 £ 030455

» With 158,354 D" tags and an efficiency of 67.7% for signal events to
satisty the selection criteria given a D" tag we obtain:

Br(D*— u*v)=(4.40+0.66:"7)x 10" f,.=(222.6+16.7%,)MeV
(Accepted by PRL)
»We also obtain Br(D —e*v)<2.4x10” at 90 C.L.
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CLEO-c Experiment

Most results use 56 pb! or 281 pb! of data collected at ¥(3770) resonance

CLEO el *New 1nner drift chamber
-C - . Solenoid Coil g .o T Ki in 1.0 T field
= - Calorimeter + ]1rac 1ng 1mn 1. 1€
> Bing Imaging Cherenkov +Excellent E-M calorimeter
etector
- Drift +Hadron PID from RICH
- Chamber
4 -, Inner Drift Chamber /
SC Quadrupole / Beampipe
Pylon

' Endcap

SC " Calorimeter
Quadrupoles
Rare Earth Son
Quadr le
FACEHpS Polepiece

Barrel Muon
Chambers
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Compa

rison with PDG Averages

I | | I | | ! | | I | | I | |
K™ ? ﬂ-o-ll Pl
B CLEO-c

K=t m® HeH
Knfnn® HeH
Kntm? H-o-H
Kot e
Ko™ F-o-H
Kos o
Kot H-o-H
KK ? H—e—H
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