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Charmed Mesons
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Leptonic Decays: D — /v

Introduction: Pseudoscalar decay
constants

c and g can annihilate, probability is o< to
wave function overlap

Example :

In general for all pseudoscalars:

£ v
|

Calculate, or measure 1f Voq 1S known
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New Physics Possibilities

m Besides the obvious interest
in comparing with Lattice &
other calculations of f; there
are NP possibillities

m Another Gauge Boson
could mediate decay
m Ratio of leptonic decays
could be modified e.g. in Standard Model

T ! )’ See Hewett [hep-
] I ph/9505246] & Hou,
U PRD 48, 2342
(1993).

m |f H* couples to M2 = no effect



New Physics Possibilities 1

= Leptonic decay rate is modified by H*
= Can calculate in SUSY as function of m,/m,,

m In 2HDM predicted
decay width is x by

|-l
1 =y

m Since my is ~0, effect
can be seen only in Dg

See Akeryod [hep-ph/0308260]




Experlmental methods

DD productlon at threshold: used
by Mark lll, and more recently by
CLEO-c and BES-II.

=Unique event properties

=|_ arge cross sections:

ocation that ma)umlzes the /00
yleld i - '

= Ease of B
measurements using
"double tags”

=" B,=#of A/# of D's




Technique for D* — p*v

m Fully reconstruct a D-, and count total # of tags

m Seek events with only one additional oppositely
charged track and no additional photons > 250

MeV (to veto D* — m*n°)

m Charged track must deposit only minimum
lonization in calorimeter

s Compute MM?2. If close to zero then almost
certainly we have a utv decay.

2 _ 2 — — 2
MM _(ED+_E€+) _(pD+_p€+)
We know Ep-=E,..m Pp*= - Pp-



D" Candidates (in 281 pb1)
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# of tags = 58,354i496, Includes charge-conjugate modes




Measurement of -

MC Expectations from 1.7 Data: 50 events in the signal
fb-1, 30 X of our data region in 281 pb!

<— peak from
KOn*

0
—— ptv signal

— T r°

— ttv, 1ty

Number of Events/0.01 GeV 2

0.25
MM ? (GeV 2)




Deri‘ving A Value for fy+

Mode B(%) # Events
o 0.13+0.02 1.40+0.18+0.22
KOr* 2.77+0.18 0.33+0.19+0.02
TV (T271HV) 2.65*B(D*>utv) 1.08+0.15+£0.16
Other D*, D° <0.4,<0.4 @ 90% c.l.
Continuum <1.2 @ 90% c.l.

m There are 158,354 tags. €= 67.7% | Efficiencies: u* detection
N @(D+ N “+V) :(4.4():&0.66;(?.1029 )X10_4 (69.4%); extra shower

(96.1%); correction for

. +2.3 easier tag reconstruction in
m f . =(222.6£16.75; ) MeV |v,j=2238| c3sict g recon
v events (1.5%)

s 3D — e'v)<2.4x10° @ 90% c.l.,
rules out some non-Standard model theories 9



Systematic Errors

Source of Error

Finding the u* track

Minimum ionization of u* in EM cal
Particle identification of u*

MM?2 width

Extra showers in event > 250 MeV
Background

Number of single tag D*

Monte Carlo statistics

Total




Upper limit on D*—1*v
_ . | _ Ecal <300 MeV

m By using intermediate
MM?2 region

B B(Dr*—1tv)<2.1x103

O F(D+ — fv)

F(D+ — Nv)

<1.8%(2.65)

where 2.65 is SM
expectation

both at 90% c.|
Ecal > 300 MeV
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Measurements of f

m [wo separate techniques. [Here expect in
SM: TI'(Dg—1*v)/ I'(Dg—u'v) = 9.72]
= (1) Measure Dg*—u*v along with Dg—1*v,
T —7n*v. This requires finding a Dg tag, a y from
either Dg*—y Dg or Dg**—yu*v. Then find the
muon or pion & apply kinematical constraints

(mass & energy) to resolve this ambiguity &

improve resolution (use 314 pb-1, results are
published)

= (2) Find Dg*—1*v, T —e*vv opposite a Dg™ tag
(use 298 pb1, results are final arXiv:0712.1175 )
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Invariant masses

D—utv Study
D¢ studies done at
E..=4170 MeV

To choose tag candidates:

= Fit distributions &
determine o

m Cutat+250
Define sidebands to measure
backgrounds 5-7.5 O

Total # of Tags
= 31,302+ 472 (stat)
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Tag Sample using y

m First we define the
tag sample by All 8 Modes
computing the MM*2
off of the y & Dg tag

m Total of

11880+399+504
tags, after the
selection on MM*2.
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Defi‘ne Three Classes

m Class (i), single track deposits < 300 MeV In
calorimeter (consistent with u) & no other y >

300 MeV. (accepts 99% of muons and 60%
of kaons & pions)

m Class (ii), single track deposits > 300 MeV in
calorimeter & no other y > 300 MeV
(accepts 1% of muons and 40% of kaons &
pions)

m Class (iii) single track consistent with
electron & no other y> 300 MeV
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The MM?

m o find the signal events, we compute

- ' 0.00 0.40 0.80
-0.10 0.00 0.10 Missing Mass squared (GeV 2)

Missing Mass squared (GeV?)

Monte Carlo Signal uv Monte Carlo Signal tv, T—nv
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MM? In Data

m Clear Dg*—u'v
signal for case (i)

m Most events <0.2
GeV? are Dg—1'v,
T —n'v In cases (i)
& (it)

m No Ds—e™v seen,
case (iii)

Events/0.01 GeV

on

—t
L T

(5]

/92 events< ) 3GeV in CC

| l

(ii) >0.3GeV in CC

l 25 events l




Branching Ratio & Decay Constant

m Df—utv
= 92 signal events, 3.5 background, use SM to calculate
tv yield near 0 MM? based on known tv/uv ratio

s B(Dg*—utv) =(0.597+0.067+0.039)%
m D1y, T >nty
= Sum case (i) 0.2 > MM? > 0.05 GeV? & case (ii) MM? <
0.2 GeV-. Total of 56 signal and 8.6 bkgrnd

s B(Dg*—1*v) = (8.0+1.3£0.4)%
m By summing both cases above, find
Bef(Ds*—utv) = (0.638+£0.059+0.033)%
0s=274 £ 13 £ 7 MeV, for |V =0.9738
m B(Dg*—e*v)< 1.3x104
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E(Ds"—uv) Systematic errors

Error Source
Track finding
Photon veto

Minimum ionization
Number of tags

Total




Measuring Dg*—1'Vv, T°—€e"VV
m B(Ds"—1*v)eB(t"—e*VVv)~1.3% Is “large” compared

with expected B(Dg*—Xe*v)~8%

m We will be searching for events opposite a tag
with one electron and not much other energy

Events / 2 MeV
o
S

| 0.05 -0.05 0 0.05 -0.05 0 0.05 )
AM(D) (GeV)
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Measuring Dg*—1'v, T"—e* VvV

Technique is to find
events with an e* opposite
Ds tags & no other tracks,

with X calorimeter energy
<400 MeV >, Daia

: " ] MC Total
No need to find y from Dg ] MC Signal
+ + [ 1 MC Background (BG)
B(Dg*—1*V)

=(6.17+0.71+0.36)%
fos=273 + 16 + 8 MeV

| =
D
-
)
-
—
[72]
ot
c
D
=




0. & fo,/fy

o Welghted Average fDS—274+1O+5 MeV, the

systematic error is mostly uncorrelated between the

measurements
nUsing £ =(222.6+16.77;) MeV'

M. Artuso et al., Phys .Rev. Lett. 95 (2005) 251801

m fy/fp+=1.23£0.10+0.03
m [(Dg*—1t'v)/T" (Dg"—u'v)=
11.0£1.4+£0.6, SM=9.72,

consistent with lepton universality
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Radiative Corrections

Not just final state radiation which is already
corrected for.

Includes D—D*—yD—yutv. Based on calculations
of Burdman et al.

Using narrow MM? region makes this much smaller

Other authors in general agreement, see Hwang
Eur. Phys. J. C46, 379 (2006), except
Korchemsky, Pirjol & Yan PRD 61, 114510 (2000)

Wang, Chang & Feng [hep-ph/0102251] find a
-8% correction for I'(Ds—1"v), negligible for
['(Dg—utv).

Somebody please help!
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Comparison with Other Experiments

Exp.

CLEO-c
CLEO-c
CLEO-c
CLEO-c
Belle [9]

Average

CLEO [10]
BEATRICE [11]
ALEPH [12]
ALEPH [12]

L3 [13]

OPAL [14]
BaBar [15]

m CLEO-c is most precise result to date for both f

& fp+

Mode ¥4 for (MeV)
([T 264+ 1547
v 7] 310 £ 25 £+ 8
T [§] 273 £16 £ 8
combined o 274+ 10+ 5
ity Pl 975 4 16 + 12
274 £+ 10
why 3.6£0.9 273419 £ 27 £ 33
e 3.6+0.9 312 +43 + 12 + 39
3.6+0.9 282 + 19 4 40

200 &+ 57 & 32 + 37
283 + 44 + 41
4714046 283 £17+£7+ 14
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Comparisons with Theory

m \We are ~30 above
Follana et al. Either:

= Calculation is wrong

= There is new physics
that interferes
constructively with SM

= Note: No value of M,

IS allowed in 2ZHDM at
99.5% c./.

m Comparing measured
fog/fD* with Follana
prediction we find
m,>2.2 GeV tanf3

m Using Follana ratio find

|V.¢/V|=0.217£0.019
(exp) £0.002(theory)

Salcedo, Brar. ),

CLEO Ds —lv, TV (T—mV)

Final Marchd7, 314/pb
CLED Dy —1v (T—EwW)

CLEO average

Unquenched LQCD

Fesllana [arkivaDa0e. 1726]

Unquenched LQCD
Hain, PRL 95, 122002 {2005)

Quenched L. (QCDSF)
Al Khan, hl!lp-l-!Ll‘IJl.TEll s

Quenched L. (Taiwan)
Chiu, PLE 624,31 (2005)

Quenched L. (UKQCD)
Lellouch, PRD 64, 094501 {2001)

Quenched Lattice
Becirevic, PRD 60, 07450 {1999)

QCD Sum Rules
Bordes, hep-ph/D507241

QCD Sum Rules
Markson, hep-ph/0202200

Quark Model
Ebert, PLB 635,93 {2006)

Quark Model
Cvetic, FLE 556, 84 {2004)

Light Front QM Linear
Chol, hep-ph/0701263

Light Front QM HO
Chol, hep-ph/0701263

Potential Model

Wang, Nucl, Phys. A744, 156 (2004]

Light Front QCD
34, 297 (2004)

Isospin Sglittin 5
Amundsen, PRD 47, 3059 {19493)

27441045
M 241(3)

200 250 300
fo, (MeV)

Artuso,
PRLSS, 251801 (2005)
= B

223+17+3
M 208(4)

o
=

H8H
HeH
-

—o—i
-

- 1
1.23+0.10 +0.03

¥ 1.162(9)




Projlecti_ons_

m \We will almost triple the D* sample, including

some improvements in technique, error in fy+
should decrease to ~3.7% (8 MeV)

m We will likely double the Dg sample, may
improve technique, expect error in fy, to
decrease to ~2.6% (7 MeV)
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Goals in Leptonic Decays

m [est theoretical calculations in strongly coupled
theories in non-perturbative regime

m fg & fg/fg needed
to improve
constraints from
Amy & Amg/Amy,.
Hard to measure
directly (i.e. B —»>1*v
gives V ,fg ), but we

: Constraints from V ;,, Am,,
can determine 7, & Am, & B TV

using and use
them to test theoretical models (i.e. Lattice QCD)
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Check: &(Ds*—K* K°)

m Do almost the same
analysis but consider
MM? off of an identified
K+

m  Allow extra charged

tracks and showers so
not to veto K° decays or interactions in EM

m Signal verifies expected MM? resolution

s Find (2.90+£0.19£0.18)%, compared with
result from double tags (3.00£0.19+£0.10)%

AS




CLEO Dg" Results at 4170 MeV

m Since e'e—Dg*Dg, the
Dg from the Dg* will be Signal MC
smeared in beam-
constrained mass.

N
BC beam

| ... CUt On MBC & pIOt 1.95 2.00 2.05 2.1
WERERIEERS Beam Constrained Mass (GeV)

(equivalent to a p cut)

m We use 314 pb-1 of
data
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#lags: Dy +vy

x Compute MM*2

In each individual mode

m Use Ds"Dg sample to
measure shape of tail

Events/ 0.02 GeV 2
(0]
o

3.90
MM*? (GeV ?)

# of Events /O.OlGeV2

2000 LS —

1500

1000

500

0
350 3.70 3.90 410 350
500 ‘ ‘ ‘ 1500
©
400 —
1000
300~
200

100

0
3

K'K" from KKt |

200 L

-+ 1000

500

500

.50 3.70 3.90 4.10

MM*2 (GeV 2)

0
3.50

3.70



Measurement of Dg*—u'v

m In this analysis we use Ds*Dg events where
we detect the y from the Ds*— y Dg decay

m We see all the particles from e*e — Ds™Deg,
YV, Dg (tag) + u* except for the v

m We use a kinematic fit to (a) improve the
resolution & (b) remove ambiguities

= Constraints include: total p & E, tag Dg mass,
Am=M(yDs)-M(Ds) [or Am= M(yuv)-M(uv)] =
143.6 MeV, E of Dg (or Dg*) fixed

= Lowest y? solution in each event is kept
= No y2 cut is applied
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Expected B for P*—/"v decays

L
Leptonic Branching Ratios for f=250 MeV
N
£
E
&
e
2
n 2
g
&
N
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Combi_nin_g Semi_leptonics & Leptonics

m Semileptonic decay rate into Pseudoscalar:

\Y/

2 33
cq PP

dg’ 247

dI'(D — Pev)

f(0)

= Note that the ratio below depends only on
QCD:

1 dr(D* —rzev) P|f, (@)
94
(D" —(v) do’ fo.
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Background Samples

Two sources of background

A) Backgrounds under invariant
mass peaks — Use sidebands to
estimate

In u*v signal region 3.5
background (92 total)

bkgrnd MM?2<0.20 GeV?= 9.0+2.3

1500

1000

B) BaCkgroundS from real DS '?90 1.92 1.94 1.96 1.98 2.00 2.02
decays, e.g. T'n°n°, or Dg— TV, Low SB  Signal High SB
T —>Tv.... < 0.2 GeV2, none region  region region
in wv signal region Backgrounds from real Dg"

B(Dg —n'n®) < 1.1x103 & [y
y energy CUt ylelds <02 th ;- 0.0340.04 h 0.08-:0.03 {'J.'Ili_l[-'l'l.('l-l

0.5540.22 0.644+0.24 1.20-4£0.33
(0.37+0.15 0 0.37+0.15

Sun 104" 0.740.2 174545



Sum of Dg*—u*v + 1%y, T -»n'V

m As we will see,

. Sum of case (1) & case (11)
there is very

v +tv signal line shape

little 3
background C
presentin any N
sub-sample B

for MM?2 <0.2
GeV?

0 (25

Missing Mass squared (GeV =)
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