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Testing the Quark Mixing
(CKM) Matrlx

#The CKM matrix provides the only
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.

sNon-perturbative strong effects
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Testing Theories of Strong Interactions

sMeasure form factors in D—mlv and validate theoretical calculations
«Can then use this to extract v, from B—mnlv

*B mixing is well measured
Am =(0.50220.007)x10-1% s
» But [V, from Am  has large
uncertainties from f,

sCLEO-c can measure f,
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Outline

*CLEO-c Program

*Experimental technique

*Hadronic branching fractions
~Reference branching fractions
~(Cabibbo suppressed decays

»Semileptonic decays N
~Inclusive branching fractions
~Exclusive branching fractions »
~Form factors

»[_eptonic decays y

oD scan

Normalization Br. Fr.
Systematics

Tests of theory for
strong physics:
Jp» form factors

*Conclusions
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CLEO-c Program

*The CLEO-c program as proposed (CLNS 01/1742)
sThree year program

o] year (3 fb-!) at y(3770) for DD physics

o1 year (3 fb'!) above D D_threshold for D_physics

°] year at J/y for glueballs, exotics etc.
eProgram was approved for running in 2003 until Mar 31, 2008.
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0140902-003

CESR-c

*CESR was upgraded with wiggler
magnets to increase damping at
lower energies

*These super conducting magnets

have worked very well
sHowever, the currents that can be

stored are much lower than

planed.
sLuminosity about % of design J Electrons
. . . . ® Horizontal Separators
*Will install compensating 7 ecton iiecion Pait <
,‘_ ositron injection ol " o

solenoids to gain about 50%
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CLEO-c Plans

*With a better understanding of the performance of CESR-c and
looking at the physics case we are now looking at a somewhat
modified run plan

*~750 pb-! at w(3770)
»~750 pb'! at D D_threshold
*~5% of running time at Y(2S), 30M events
sSolid motivation for J/\y running was hard to find. The f,(2220)

no longer there. Studying this was an important goal for the J/y
program.
»We have done a scan in the D_ threshold region to understand

where to run and measure the cross-section
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CLEO-c detector
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ZD: New Inner Drift Chamber

eReplace CLEO III silicon vertex detector.

»[_ess material — important for the lower momentum particles at
charm threshold.

»Detector was installed in summer '03 and 1s working well.
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Physics at c¢ Threshold

- _ 030
ete—-ce—D D

» We run at Ecm:3.77 GeV

~the y(3770) resonance.
» Producing DD pairs
~and no other pions.

» Makes this a very clean
experiment for studies of charm
decays.

» Most analyses use a tagging
technique

~one of the produced D mesons
1s fully reconstructed.

D'S>K'mm,D'>Ke'y
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Data Samples at y(3770)

*Analyses presented are based on two data samples
256 pb™' recorded Dec '03 - Apr '04
2281 pb™ recorded Dec '03 — Apr '05 (include the 56 pb!)
*We project that we will have 750 pb-! by April 2008.

sWe have final results from 281 pb'1 for DJr%WVM

sMany other analyses are being finalized
sSystematics studies need to be done in detail for many
analyses
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Tag Reconstruction

sFully reconstructed D-tag candidates are built from
*Charged kaons, good tracks from IP with particle identification
*Charged pions, good tracks from IP with particle identification
T’ (YY)
oK (T'1"), no flight significance cut applied.

E

beam

«To extract yields we typically cut on AE=E}

»Cut 1s mode (and analysis) dependent

sand fit the My distribution

sWe reconstruct a D° tag with ~17% eff. and D* tag with ~10% eff.
sDifferent analyses use different tag modes.
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Hadronic D-decays

sHadronic decays of D mesons are important as they set the branching
fraction scale of many B and D decays.

*The PDG '04 1s dominated by measurements based on the tagging of a
D™ by the presence of a slow pion (CLEO and LEP experiments)

*D* branching fractions are less well known, as a slow ¥ is not a
clean tag.
eSystematics limited.
°Qur systematics are orthogonal. B
*As the double tag technique we use determines the number of DD pairs
we can also calculate the cross-section for D*D- and D°D? production.
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Hadronic D-decays and o (¢ ¢ — D D)

°[n order to measure the cross section and absolute branching fractions
we need to determine the number of produced DD events
sUse a 'double tag' technique, pioneered by MARK III

N.=2€.B,N,, Nl.Nj €,

- Nop=7N
Nij_eijBiBjNDE i €i€;

oUse 3 D' modes (K", K©'n’, and K ') and 6 D* modes (K Tt't”,
K 1, Krntntn, Kgornnt, Kgntnd, and KKtnt)
sDetermine separately the D and D yields
oThis gives 18 single tag yields and 45 (=3°+6°) double tag yields
» In a combined % 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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Initial State Radiation

«We run at Ecm=3.77 GeV to produce the y(3770)
»The spread in E__1s about 2 MeV

*The width of the y(3770) 1s about 25 MeV
*However, the beam particles can radiate a photon and produce the
Y(3770) at a lower energy.
»In fact in every interaction many photons are emitted, but at such
a low energy that we can not detect them. The distribution of
energy radiated by (soft) photons is given by:

f(E}/)ocEi_1

ECWL
B=—|2In—=—1|~0.07

TT m

e

»Many analyses use a first principle lineshape for the mg - fit
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ISR in Data vs. MC

D > Kt
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Single Tag Yields (56 pb1)

D or D Mode Yield (10°) Efficiency (%)
DY — K7t 5114+0.07 64.6+0.3
DY — Ktgp— 5154+ 0.07 65.6+0.3
D — K «taz®  9514+0.11 314+0.1
D= Ktr—a0 09474011 31.8+0.1
D = K ntatn™ 7444+0.09 43.6+0.2
DY — Ktr 7 7t 743+£0.09 439402
DT — K nta™  756+0.09 50.7+£0.2
D —K'nm o 756+0.09 51.3+0.2
DT = K ntatqa? 2454+ 0.07 25.7+0.2
D™= Ktrn 7% 2394007 25.7+0.2
D7 — Kir+ 1.10+£0.04 455404
D™ — K3r~ 1.13+£0.04 459404
DT — Kirtn® 2594007 224402
D — Kir «® 2504007 224+0.2
Dt = Kgn"r r~ 1.63+0.06 31.1+£0.2
D™ — Kgn n nt 1.58+0.06 31.3+£0.2
DT —=KtK7n" 064+003 414405
D — K"K 7~ 061+£003 408+0.5
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Single Tag Yields (56 pb1)
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»Beam energy spread and ISR
causes a correlated shift in the
mass of the two D-mesons

»Resolution is uncorrelated
among the two D-mesons

@A two dimensional fit allow us
to separate the effects of beam
energy smearing and detector
resolution.

MC 0,=(2.08+0.01)MeV
Data o,=(2.11+0.02)MeV

s MC width comes from machine
parameters

Caltech Seminar, Pasadena, Nov. 29, 2005

Anders Ryd

CORNELL

LEPP Page: 19



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 56 pb-!

Parameter Fitted Value Arsgr PDG 2004*
Npopo (2.01 £ 0.04 +0.02) x 10° —0.2%

B(D® — K—7T) (3.91 £0.08£0.09)% —2.0%  =(95430.04)%
B(D® — K~ ntx¥) (149+£03+£05)%  —0.8%

B(D*— K nfzfr™)  (834+£02+£03)%  —-1.7%

Npip- (1.56 £0.04 £0.01) x 10° —0.2%

B(D* — K nr") (9.5£02£03)%  —22%  (92%00)%
B(DY — K nfrt7%)  (6.0+£02+02)%  —0.6%

B(D' — K3n™) (1.55 £0.05 + 0.06)%  —1.8%

B(D" — Kn 'Y (7.2+£02+£04)%  —-0.8%

B(D" — KynTamn™)  (324014+02)%  —-1.4%

B(D" — KTK—n")  (0.97+0.04+0.04)% —0.9%

*Our branching fractions are corrected for FSR, PDG values are not
Using our measured luminosity of 55.8+0.6 pb" we obtain:
o (D’ D")=(3.60+0.07+0.07) nb o(D*D)=(2.79+0.07%0.10)nb
o(DD)=(6.39+0.10+0.17)nb
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Comparison with Other Exp.
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to PDG
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Projections

sThese results were based on 56 pb-! (PRL 95, 121801 (2005))
sWe are now analyzing the 281 pb-! sample

o~ X103 o~ ><103
RS C RS -
> 35 pip°  f > 22 *a
Q C Q 2:— D+D'
G 3F s O 18- +
N 5 N 16
9 " E~12500 events| g 1.4f ~3000 events
S  2F S 1.2
< 150 = &k
2] B ﬂ .
c g c
S G
o 0.5 T
0:

1.84 1.88 1.84

1.86 1.86
M (GeV/c?) M (GeVic?)

sStatistical uncertainties about 1% in the 281 pb-! sample!
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D'— K-t and D*— K-ttt Systematics

Source 56 pb~! 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—7t Total 3.7% 1.6% 1.2%

DT — K—77xnT Stat 3.9% 1.2% 0.7%
DT — K 7"n" 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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Tracking Efficiencies

*Events that can be fully reconstructed can be used for very clean studies of
tracking efficiencies.

*We have used DD events and y(2S)—J/y THT events

sLook at recoil mass against D'-tag and pion — see how often kaon is found
*In data we find €=(90.81£0.4)%
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Preliminary Results

281 fb!
v [
S o0k .
3 7001 D* —s KOTT [ D'
S gool_
S"F (3879471 events) (48738 events)
£ 500—
S
& 400
e - .
some tag / 300:_ D* — 1
mode - (176+13 events)
200
Reconstruct tag D and pion, look ; noE— D™ — v
for signal in the recoil mass = Ll
= et S i e e

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

o BD*=> K r) + BD* > K1) = (3.06 £0.06 = 0.16)%
= Asymmetry = (K°, — K°)/(K° + K°) =-0.01 £0.04 £0.07
—  Consistent with 10% prediction.

o BD N =(0.39 +0.03+0.03)% [ PDG2004 has (0.30 + 0.06)% ].
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D->n(nt)m(n’) (Preliminary)

*This analysis doesn't use D-tags.

sMeasure ratio to normalization

mode

Mode B (x1073) PDG (x10-3)
T 1.40+0.04+0.03  1.38+0.05
TOT® 0.78+0.05£0.04  0.84+0.22
TUTCTe 13.3+0.240.5 114
TeTeTe < 0.30
TOTUTT T 7.42+0.14+0.27 7.3+0.5
TOTT TOTE 10.2+0.620.7

TUTUTT TUTP 4.31+0.44+0.18 -—

Entries/0.5 Mev

M |||‘ ” i 200

1.86 1.88

Mass (Gew /%)

Entries,/ 0.5 Mav

1.84 1.86

100004

1.88 1.84 1.86 1.88 - 1.84 1.86 1.88
Mass (GeV/c”)
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Summary of Hadronic Decays

*We understand how to do analyses based on D-tags.
*We have tuned up the detector simulation to have good data-
MC agreement to allow precision measurements.
*The reference modes D'— K1+ and D*— Kttt are measured at
the (1.5 to 2.0)% level in 281 pb!
sSystematics dominated — some improvements still possible,
but hard to predict how much the systematics can be reduced.
*The extremely clean environment allows us to study basically all

D-decays — we should dominate practically all entries in the
PDG!
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Semileptonic Decays

sSemileptonic decays are easier to
describe theoretically
*The non-perturbative strong physics is
parameterized in form factors.
sFor m=0 we have

~one form factor for D—(K, 7)ev
=three form factors for D—K eV

*CLEO-c will measure
°[nclusive and exclusive branching fractions
oCKM matrix elements (V_,and V)

°Form factors
*The clean environment and excellent detector will allow the first
precise studies of Cabibbo suppressed semileptonic D decays
*We only use electrons; muons are too soft to be cleanly identified.
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Inclusive Semileptonic D-decays

281 fb! (Preliminary) *This analysis uses only the cleanest
—~ tags: D'— K-+ and D*— K-ttt
% ¢ DO sCorrect for e momentum cut
O 03] 3 +‘+$‘¢ °D *Obtain the branching fractions
’3 | Jﬁ‘.%‘ Br(D°—>Xev,)=(6.45+0.17+0.15)%
S. 02 i L Br(D" > Xev,)=(16.19+0.20%+0.36) %
> % t sUsing the measured lifetimes we
42 a1 b 4 obtain
o | I'(D'-Xev,)
= | - _ =(1.01+0.03+0.03)
a) : | | | ﬂm—.ﬁ; F(D —‘>X€Ve)
%2 04 08 o8 - 9The sum of exclusive final state
Momentum (GeV) > Br(D"> X, ev,)=(6.1£0.2+0.2)%

D Br(D'—X,ev,)=(15.1+0.5+0.5) %

. CORNELL _#%
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Exclusive Branching Fractions

*The exclusive decays are studied by finding an electron and
reconstructing the hadronic system recoiling against a D-tag.

sThe signal 1s extracted by studying the variable

U=E

miss

-lP_. |

miss

°For the signal events, with one missing neutrino U peaks at zero
°*D—Kev and D—TeV are kinematically separated

CLEO-c 281 pb! (Preliminary)

240 ———T—

200
160
120

8o

Events/10 MeV

40|

0 _- 1

CLEO-III 7 fb! (PRL 94:011802, 2005)

307 0404-003
T T 1

T [ L] L) L] L

7 |
Mid g© Bin A
C.L. = 52%
D0—mev
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Semileptonic D°-decays in 56 pb™

PRL 95, 181802, 2005

T e First observation
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Semileptonic D*-decays in 56 pb’

PRL 95, 181801, 2005
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T T i omy Sy H U S | -
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15-9----0- ----- L 29-9--"(') """ T U—E(mlss)—P(mlss)(GeV)
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Z56.5 0125 000 0125 025 525 -0425 000 0425 0.
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Summary of Exclusive Semileptonic
Decays in 56 pb-1

———————————
Mode B (%) B (%) (PDG) B PDG 2004

D°> e’y o I—

D° - netv 0.26 £ 0.03 +£0.01 0.36 £ 0.06 . : M CLEO-c(57/pb)
D° - K~ et 3.44+0.10 £0.10 3.58 £0.18 D> Kew g, W BES
D° —» K* (K~ n%etv, 2.114+0.23+£0.10 2.15+0.35 D°> K™ (K'n%)e'v  mumm
D° —» K*~ (K% )eTve 2194£0.20£0.11 2.15+0.35 D0 K™ (K% )e'v  mumm

0 -+
D° = p etv 0.19 + 0.04 £ 0.01 — D> pe'y ——
DT = n’eTy, 0.44 +0.06 +0.03 0.31 £0.15

o D*> n’e*v I

D" - K", 8.71£0.38+0.37 6.7£0.9
Dt - K%y, 5.56 £0.27£0.23 5.5+0.7 D> K e’y o L
DT = petu. 0.2140.04 £0.01 0.25£0.10 D' KUK ey  mm
Dt = wety, 0.1670:97 +0.01 — D' o'y _

D> we'v —
eMost modes are improvements over the PDG R

e[ncluding two first observations 0 1 2
oD—p-etv, and D*—wetv,

@Most systematics can be reduced with more data

eUpdating analysis to 281 pb-!

CORNELL
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Exclusive Signals (281 pb1)

Preliminary
2400 | I | I I | | I I I I I I I I I I I i 1000 i T T T T
2000 |- D™>Ke'v = :
> - N 7501
< 1600 . = -
: ] =
2 ool : s |
% 12800 . = 500
‘u:'; C ’ £ i
z 8oop B=(3.501+0.04+0.09)% - i i
i ] 250
400 7 i
0b : S ol S
-0.25 -0.125 0.00 0125 0.25 -0.25 -0.125 0.00 0.125 0.25
U=Emiss_pmiss (GEV:I U=E, ... P... (GeV)
24'[]_""|I L i 60|||||||||||||||||||
200 0 4 N 50 B=(0.368+0.025+0.017)%
D>nev . . )
@ 160 |- ] > ok D'>nev
= ¥ N =
o | ] o i
B 1°0r (0.299£0.011£0.00%)% 7 r
C - . £ i
@ B ] ]
@ ooF : E a 2or
40 /\ - 101
L W4 TR B2 i LA -
0_- " B At NN | n | | ] ] 0& I TR | + g PO M T S N T
0.00 0.125 0.25 -0.25 -0.125 0.00 0.125 0.25
U=Em|ss_pm|ss (GeV) U=Emiss_pmiss (GeV)
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Caltech Seminar, Pasadena, Nov. 29, 2005 Anders Ryd "*'LEPP Page: 37



V ,and V_ Determination (281 pb)

Using LQCD (PRL 94, 011601 (2005))
of K(0) = 0.7340.03+0.07 and f,%(0) = 0.64+0.0320.06

We obtain

+DV—>K-etv IV_[=0.977x0.102(LQCD)x0.009(c)x0.011(B)
*D*—Ketv IV_=0.975x0.102(LQCD)x0.009(c)x0.015(3B)
+DV—> ety IV_41=0.227£0.024(LQCD)x0.006(0)x0.005(3)
+D+—mletv 1V_41=0.221%0.023(LQCD)£0.006(0t)=0.009(B)
Or using IV_[=0.976£0.014 and |V _,|=IV [=0.225220.0008%£0.0021
+DV > Ketv f, %(0)=0.731£0.006(c)£0.01 O(QB)-I_-O.(} 10(V,,)
*D*—K etV f, %(0)=0.729£0.006(0)£0.011(8)£0.010(V )
+DV— ety f,7(0)=0.645%0.017(a)=0.014(8)x0.006(V )
+D+—mletv t,7(0)=0.629%0.017(a)=0.026(8)x0.006(V )
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Projections

PDG (2004)

BES Il

W

CLEO—c (56/pb) |ty

CLEO—c (280/pb)

CLEO—c (750/pb)

(precision: 4.1%)

(current precision: 2.2%)

w (extrapolated precision: 1.3%)

2.5 3.0 3.5

4.0 4.5

B(D'—=Ke'v) x 107

CLEO—c (56 /pb )=l={

CLEO—c (280/pb)

CLEO—c (750/pb)

PDG (2004)
LQCD s e (precision; 23%)

(precision. 10%)

B (current precision: 4.2%)

Textropoloted precision. 2.5%)

0 | 2

4 5 6

B(D'—>wev) x 107
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Form Factors in D—>Kev and D—>Tev

*The differential decay rate is given by

dIr G’
e Y 7’;3I‘/cq|2119§<|f+<612>|2

2
eV

*As we use electrons the form factor corresponding to a scalar
W has a negligible contribution to the rate.

sThe observed ¢? distribution is fit to extract form factor
information.

aqzzm
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g* Distributions (281 pb1)

600 T
i D>K e'v
500 e Data
—Projection

400 ot L e Background
p i
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L%: 300
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= 1F oeo® e
= oV o Ve ’
|.|°. L. oD [ ] '.
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D—(K, m)ev Form Factors

sWe fit the observed ¢ distribution to a simple pole form

()
l_qz/Mlzole

f.(q°)

°or a modified pole form (BK)

f+(0) 1
f*<q2>:1 2] M> Xl 2/ M2
—4q D, - g Dy

Caltech Seminar, Pasadena, Nov. 29, 2005 Anders Ryd wew L EPP Page: 42



Form Factor Precision

D —Kev D —mev

FOCUS (Param) =t
CLEO Il e

FOCUS (Non—Param) |t
Belle (7o) | ——

CLEO 1l e |

Belle (Kev) R — Belle (rruv) e —
Belle (Kuv) [T — LaCD -
LQCD A

CLEO—c (280/pb) ]
CLEO—c (280/pb) (precision depends strongly on central value)

(precision depends strongly on central value)

CLEO—c (750/pb) (o 2|
CLEO—c (750/pb) A (precision depends strongly on central value)
(precision depends strongly on central value)
] 1 1 1 I '] 1 '] 1 I 1 1 'l 1 1 1 I 1 1 ] 1 I '] 1 1 1 I 1 1 1 1
-0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0
o 0./
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g> Dependence in D—Tev (750 pb1)

4 H~ Ourfit : 1,(0) = ....+0.011(c)-0.008{Br)~0.009(V _)
- ¢ = ...£0.050+0.013
3.5 :
] LQCD : f,{0) = 0.640+0.030+0.060
3 ¢ = 0.440+0.030+0.070
o 2.5
L
- 2 B
- [LacD|
1-5 -ir?# 0.7-
1 e 0.65| . +
0.5
r s a g lag s s sl s g sag l s g g sl g 3 g g ] 055 ummuiubuluiul

0 0.5 1 1.5 2 2.5 3
q*(GeV?)
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D—-"K*ev Form Factors

sFocus has seen evidence for a
S-wave component of the KT.
oFit the 0, and 0, distributions

as a function of g to extract
the helicity amplitudes.

(1+cos@,)sinf,e* BW H, ( qz)

2

\A\z = % —(1-cos8)sinf,e™ BW H_(qz)

~2sin 6, ( cosf, BW H, ( qz) +Aeh, ( qz) )
Focus found A 7% of BW peak if they assumed

h(q')=H|q

. CORNELL _#%
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D— K ev Form Factor Results

Preliminary

N T R
400 |- —
. F < Use 24471
o )
3 900 events

=200 -
> 100 |- ]
o T s . P B

0.8 0.8 1.0 1.2 1.4

M(Kr) GeV/c®

sNon-parametric fit
oClear evidence for S-wave

0.8
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0.4

0'%.0 0.2 04 06 08 L0 0'%.

10k
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25
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1.0
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Summary of Semileptonic Decays

sCLEQO-c measurements are now the best for all semileptonic
branching fractions of D mesons

*Form factor studies are now underway

*Will provide stringent tests of Lattice calculations

*Can measure the form factor normalization — or equivalently the
CKM matrix elements.

[n addition to the analyses presented here based on D-tagging, there
are neutrino reconstruction style analysis 1s progress as well.
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D+ ¢ w Al
(_1>\NW\- y
2
+ + G2 n/ll2 2
I' (D™ —1 v)zg—;f;mleU 1 > |Vcd
M.

» A precise measurement of f - allows precise comparison with
theoretical calculations, such as lattice QCD.

@ This will help determining f , which currently can not be
measured 1n leptonic B decays.
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Analysis Technique

Tc‘ +
k Tag D — fully reconstructed

T
e ’@4 e

Vu Signal D

+

U

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

miss

»Slightly different use of tags in different analyses

. CORNELL _#%
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Charged D-tag Reconstruction

1630605-005

12000 74000

8000~ ]

[ et et N
K | Ja000/*

u 2000

11000F

1.88

Signal Background

77387 = 281 1868
24850 + 214 12825
11162 £+ 136 o514
18176 £ 255 8976
20244 £+ 170 9223
6535 = 95 1271

158354 £ 496 30677

MBC \/Ebeam_|p
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Signal Side Selection

eRequire one track consistent with coming from the IP for the muon.
*Muon candidate deposit less than 300 MeV 1n EM calorimeter

sNo additional track from IP

sRequire no unmatched showers over 250 MeV

sVeto background from D* -7z 7’

800 T 1T 1 | 1T 1T 1 LI 1T 1T 1 I 1|63c|)80‘|4-0|79

_ - (a) i

Highest energy unmatched c:luster> i ]

60 I T T T T T T I T T T 16|3080‘:70?5_ g 400 — Data ]

50H (a)_ = : :

| 1 & B |
40 :_ __ % (o) T B i B IR B

30 H— —] _|>J1000_| L | | | LI [ I L |

! 1 5 [ (b) .

20:— —_ g | MC .

10H- — E 500__ __

3

| ]'LllL"ILL B ey oanal o | - i

0 0.20 0.40 0.60 B |

GeV i | l ] | L1 1 | o R R N I I ]

0 0.1 0.2 0.3 0.4 0.5

CC Deposited Enerav (GeV)
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Signal Extraction

Data 281 pb-!

°For events with i candidate form =11
2__ 2 - > \2 5 E
MM _<Ebeam_Ey) _(_pD'_pH) 15F B ]
100 | ] _
«Signal will peak at MM*=m’ =0 | 10f | 4 17l IR
o [ ] — TT
| 2 80— 5 : N
“Yellow book” MC Study A S J‘ 7 |
b | ' ' | ' | ' | 37306'01-017 G | -— S |
W T PR S eof- 005 0 005 L _
R g [ S50Signal [r —
< B L s 40 Candidates
S e i
E 20| i
8 G = _|_L|_|J!_|_I_|—l—l_l l | | | l | |
0 0.25 0.50
MM? (GeV?)

01 0 0.1 0.2 0.3 0.4 0.5
M (v)?
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D™ — ™ v, Results

50 signal candidate events with the following backgrounds

Background B (%) 3 of events
D=7’ 0134002 1.40£0.18 +0.22

DT =K%t 2774018 0.3340.19£0.02
D=7y 26xBD"—pv) 1.08£0.15£0.16
DD’ DD — <04, <04, 90%C.L.
continuum — <1.2 90% C.L.

Total 2814030+ 7%

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

Br(D*—pu*v)=(4.40+0.66""%)x 10"  f,.=(222.6+16.77,)MeV
(Accepted by PRL)
»We also obtain Br(D"—e*v)<2.4x10” at 90 C.L.
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Systematics B(D*—u*v,)

Systematic errors (%)

MC statistics 0.4
Track finding 0.7
PID cut 1.0
MM? width 1.0
Minimum ionization cut 1.0
Number of tags 0.6
Extra showers cut 0.5
Background 0.6
Total 2.1

sSystematics much smaller than statistical error (~15%)

°At 750 pb-! statistical error 9% on @(D*ﬁw\’u)
~or4.5% on f,,
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Comparing with Theory

EXPERIMENT

CLEO-c —— 222.6116.7 55 MeV

EES H o—F
o ——

THEORY |

|
—++—  Lattice QCD (FNAL & MILC)

: : Lattice QCD Exact Chiral Sym.
———+ Quenched Lattice QCD (UKQCD)

"'_"—lr' Quenched Lattice QCD

————  QCD Spectral Sum Rules
P — I QCD Sum Rules
: : . + Relativistic Quark Model
: + Potential Model
: . iIsospin Mass Splittings
100 200 300 400
fy+ (MeV)
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D_Scan

sWe performed a scan of the D threshold region earlier this fall

*We took data at point about 20 MeV appart from 4.0 to 4.2 GeV

sAbout 5 pb! per point in initial scan

*We analyzed the data within one hour to decide where to run
next.

oD D_production at 4.03 GeV was found to be small (0.3 nb)
sBest point is ~4160 MeV with D D * cross-section of ~0.9 nb.

» Additional photon cost ~30% efficiency loss if you have to
reconstruct the photon.
sWe took about 19 pb-! of data equivalent to the peak cross-section
*We have looked at this data...
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D_Branching Fractions

All double tags all_dt_proj

10

8

2

0

Entries 44

i HHWHH

i|I|III|III|III|III|II

T I T T T T I T T T T I T T T T I T T T T Mean -000581 5
1 RMS _0.03652

0.1 -0.05 0 0.05 0.1
Amy,, GeV

*We have about 36 double tags in the scan data (4140-4200 MeV)
*About 17% errors on absolute branching fractions
»We will run over the holidays for D_physics

sShould have at least 4 times more data for winter conferences
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Conclusions

» CLEO-c has accumulated ~281 pb™' of data at the y(3770)

» The detector 1s now well understood and we are producing very
precise results based on our current data sample

» We have about 10% D* and 17% D tagging efficiency

» CLEO-c has a good start to measure practically all decays that are 1n
the PDG

» Absolute hadronic branching fractions results from 56 pb-! are being
updated for 281 pb-!. Statistical precision of ~1%.
» Many other hadronic final states are studied

» Semileptonic and leptonic decays are providing detailed tests of
calculations of strong interactions:
* Form factors for D—(K,)ev

» Decay constant, fj,, from D*—p*v,

s CLEO-c with 750 pb-'will provide detailed tests of strong interactions
» D_scan successfully completed, will run at ~4170 MeV
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Backup Slides
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Comparison to Yellow Book

s[Luminosity — lower than we had assumed, discussed earlier.
*Cross-section — we observe ~6.4 nb, compare to 10nb assumed.
*Tagging efficiency

»DY Yellow Book had 14% we can use 17%

*D* Yellow Book had 7.5% we can use 10.5%
sSome tags have a higher level of background, but are usable.
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Tracking Efficiencies

*For example, we want to measure B(D—KT) to better than 1%

*We need to measure the tracking efficiency to ~0.3% 1n order achieve
this goal.

»Luckily, we have data samples that allow crosschecks at this level.

* A very clean sample is the y'—=J/y w7, with J/y—e’e or L'

*To measure the, e.g., the efficiency for finding a ©* we reconstruct the
J/Ay and the 7. Then we check if the J/y and T are consistent with a
missing 7",

*This allows us to count the number of events of the type y'—=J/y T’

without actually finding the 7".
*Now we can simply measuring the efficiency be seeing how often we

actually find the 7" in the event.
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Pion Tracklng EfflClencv

| psiprime_20041008_MCGEN_costheta_all_psiprime.evt | psiprime_data_new_costheta_all psiprime.evt
FIt parameters Fit parameters

> sigma2 = 0.008768 + 0.000044 2200 sigma2 = 0.011317+ 0.000083
22000 - P
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éooo pisq2 = 0.017633 + 0.000030 3800 pisq2 = 0.01808 + 0.00012
o isq1 = 0.022242 + 0.000087 = isq1 = 0.0466 = 0.0014
16000 9600
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Rare D-decays

*CLEO-c has searched for the rare decays D—(K,T)ete .
sNo significant signal observed, limits a factor of 10 better

than PDG.
*1850805-001
||||||||||||||||||| llll|ll|l|llll| llllllll [TTTI[TTTT |||||“|||||llll|llll|lll|“|||||llll|llll|llll
~ o0k D™>atetE Df=nete’ D* K+ I D*~Kete* JD™-¢a*-n"e e-
% .... . .. . L .. .. < '. + . .
S "2 Lo . L — 0 ‘
— 0_. [ ] ‘ l. l. . .__. ° 1 . _
L " . — . ’ -
S b e v . Y YRR te
q 5 . e ) ] ¢ . ]
_2050 ... :. . ] i ] ¢ ... ‘__. l__ o i
LI . s 0 .
W'IIIIIII.III LTI LI P..I.‘ AP .u|||h||||||||||’||.|“|||||||||||||||||||.
-0 0 30 =50 0 50 =50 0 50 =50 0 B0 =50 0 30
AE (MeV)

sSearches also underway for D—¢y and D—K*y
*These rare decays are likely to be long distance dominated, but
one should still ook for them.
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