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Introduction

*  Semileptonic decays are an excellent laboratory to study

DL
dr(D— f(ﬂ)eV) :where q°=M*(ev)
dq A

O Assuming theoretical calculations of form factors, we can extract |V (| and |V,

uord

4 Since |V (| and |V, are tightly constrained by unitarity, we can check theoretical
calculations of the form factors

d Tested theory can then be applied to B semileptonic decays to extract [V .

* Gold-plated modes are P — P semileptonic transitions as
they are the simplest modes for both theory and experiment:
— Cabibbo favored : D 5> K e'v, D' K%'y
— Cabibbo suppressed : D° > 7 e'v, D" > z’ev
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The CLEO-c detector an
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Today’s results
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agnet Barrsl Muon CLEO has world’s largest
Ap/p = 0.6% at 800 MeV/c data set at 3.770 GeV
AE/E = 2% at 1 GeV, « Advantages at y(3770)

5% at 100 MeV _
93% coverage (charged and neutral)
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Pure DD , no additional
particles

Low multiplicity
High tagging efficiency
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Analysis Technigue (tagged)

d Candidate events are selected by reconstructing D] =,
a D, called a tag, in several hadronic modes

 Then we reconstruct the semileptonic
decay in the system recoiling from the tag.

w (3770) > D°D°
O Two key variables in the reconstruction D° 5 K*z . D® = K e‘y

of a tag:
Mbc :\/ beam/C -

AE =E_ -E

pD/

beam
A For semileptonicD: U =E_; —| P s |
O The absolute branching fraction is

| 1
NS':'m ilep / €.

B.s*vmil’ep U pqum’
fag tag 1
Ny /gm <Eoniep” NM - from fits to MbC

Nse»-rﬂen— from fits to U
b L

Tagging creates a single D beam of known 4-momentum
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D tagging at CLEO-c (281/pb of Data)

World’s |argest data ‘sl D~Kmr | D'=Kmr® | D=Kmor | DKoo
setat3.770 GevV | 20000 ﬂ 1 I
[ - 10000+ E
Pure DD, o |+| _
zero additional _ ! L —
particles, O Kz o' s Koxtx 000-  pLKln | DsKlrrd
~5-6 charged 5000 P '
=
particles per event i oo 1£_ o, T T ﬁ 5000
= = L i .
2 g | 1.
~3.1x 105D%and < D’ Ko D’ K 2° it
~1.6 x 10° D* tags £ D'~ Kmaex D'~ KK
O soml s doop 2000 2000
reconstructed from j {] -
~1.8 x 10° DD events : Aadar I |
' i ! T
- | 2000+ . '
s Kg n° K D= KK hsm
We tag 078 186 18 184 1% 188
~25% of the events, 1000 ™ M (Gevic?)
compared to oo be
~0.1% of B’s at the ; ! , s = 1R,
1.84 1.88 1.88 1.84 .88 1.88 —

Mbc
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Reconstruction of Semileptonic Decays (tagged)

e =EB..—E

miss beam

K(z) EEe
Priss = _ptag - pK(;z) — Pe

U=E

miss_| pmiss |

a

E,=E.. — EK(”)
ﬁW = _ﬁtag B ﬁK(ﬂ)

qzzEv?/_l r)w |2

beam

Extract yields from U
distributions and
measure branching
fractions with multiple
tag modes separately
and combined

Study form factors and
CKM matrix elements
using efficiency-
corrected decay rate
distributions

Events/1 0MeV
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S/N ~ 40/1,

Compared to Belle
282/fh = 1000xCLEO-c
~220 signal events,

S/N ~ 300/1,
Compared to Belle
282/fb = 1000xCLEO-c
~2700 signal events,

2000

SIN ~ 4/1 S/N ~ 20/1
D’ > mety, D’ Ke*v,
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Neutrino Reconstruction (Untagged)

Priss = (Emiss’ ﬁmiss) = Prota _zpcharge _zpneutral

AE = EK(;z) + Ee+| Emiss |_E
pr,niss — é/pmiss

beam

|2

2 = __
I\/Ibc - \/Ebeam_l pK(;r) + Pe + Priss

q2 - (pe + pr’niss)2

U Hermeticity and
excellent resolution of
the CLEO-c detector

Q Simultaneously fit M,
distributions of the 4
signal modes in 5 g2
bins to extract d(BF)/dg?
and integrate to get
branching fractions.

ArXiv0712.1020 and 0712.1025

D% > T e*v, 1D > Ke*v,
800 T ~18000
600 1325+48 +14356+132 16000
“© 400} |1 -4000
> [ ]
§ 200 . o« T - 72000
E o~ — lal ——— 1o
..gm_D*—} T e*v, D" K etv, 14000
m I --. A
D oo 447429 | 5846188 Jiane
- 12000
100 -[1000
- J
01.80 182 184 186 188180 182 184 186 1.88 .
M, (GeV/c?)
Larger signal yields, also larger
backgrounds
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D—K/me*v Branching fractions

PDG (2004) et PDG (2004) ——
BES -, BES I " . "
LQCD (FNAL-MILC-HPQCD) i LOCD (FNAL-MILC-HPQCD)
LQCD (Adaba) p———t LQCD (Adaba)
ACD SR Ball 1= QCD SR (Ball)  —e—
Lizax{w : : A : : LCSR (KRWWY) = -
CLEO-c (lag, 56 pb™) o LCSR (Ww2) ‘ .
Belle (tag, 282 fb™) Ve CLEO-c (tag, 56 pb’) —e—
BABAR (no tag, 75 fb™) -~ Belle (tag, 282 1b™) H-8-H
CLEO-c (tag, 281 pb™) w <+— CLEO preliminary j CLEO-c (tag, 281 pb”) W
CLEO-c (no tag, 281 pb”) M4 € ArXiv0712.1020 and 0712.1025 % CLEO-c (no tag, 281 pb™) o
L L I | I L 1 | L i i | i i i l i i |
a 2 4 a 2 4

B(D" — K e* V) (x10?) B(D’ — w e*v) (x 107)
CLEO-c Tagged/untagged consistent,
40% overlap, DO NOT AVERAGE

Isospin Invariance: (from tagged analysis)
I[(D°—=Kev)
(D" - K ")

=1.024+0.024(stat)
CLEO-c most precise!

Theoretical precision lags experiment [(D° »7ae'y)

(D" = n'e'y)

=0.97520.075(stat)

2/20/2008 D—>K/ 7 etvand Vcs and Vecd at CLEO-c 8 Bo Xin


http://www.lns.cornell.edu/%7Ebxin/private/temp/1forIan/semiPlots/p11v1.eps
http://www.lns.cornell.edu/%7Ebxin/private/temp/1forIan/semiPlots/p10v1.eps

Absolute d I' /dg? distributions

2
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2/20/2008 D—>K/ 7 etvand Vcs and Vecd at CLEO-c 9 Bo Xin



Form factors as a stringent test of LQCD

1/2

Removing the kinematic terms

AT, (D — K (7)ev)
reveals the form factor ’Vcs«:d)

Achz

f, (qz)‘ ~ { / PI?(;z)i

= D> Ke'yv,

— LQCD mean

I LQCD Statistical
_ 2 LQCD Systematic

CLEO-c (tag)
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BELLE
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4 Modified Pole
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a1 4
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s
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Simple Pole Model

My average

[CLEO-c no tag used |

Spectroscopic pole (Mp,:)

f (o)

f(0)

— L-g*/M2,)
Mark Il . g pole
E691
CLEO (1991) :
CLEO (1903 UCLEO-c tagged and untagged results are consistent
E68T (Tag) s - !
E687 (Inc) H— UMost of the recent precise measurements are NOT
CLEO (2004) A b consistent with the spectroscopic pole
FOCLS (24 ' ( ~140 discrepancy between the average and
Eelle (2006) el .
BABAR (2007) o the spectroscopic pole)
preliminary cLEO«< (iag) -
CLEO-c (no tag) b QSimple pole model is NOT supported by experiments
orld Average (2007) T
1 | | 1 1 | 1
2 25

in world average] 1.5
M GeV/c)

CLEO-c has 15t measurements of M

for D*

pole

Important consistency check!

similar situation for D — wev
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Modified Pole (BK) Model
O )

petle 009 QCLEO-c tagged and untagged results are consistent
—— U Experimental data are compatible with LQCD,
CLEO- (no tog) | but NOT with the physical picture of the modified
} pole model, which gives a = 1.75
My average
S e S Sl ( >100 discrepancy between the average and
Chrey ' the physical value)
LQCD (Abada) —e—
QCD'SR (Ball) e UModified pole model is NOT supported by experiments
LCSR (KRWWY) ——
LCSR (WWZ) . L

Quark Modeal

LOQCD {(FNAL-MILC-HF QCD)

Belle (282 b7

T e Similar situation for D — K e* v:

CLED-c (no tag, 281 pb™ HH
CLEO-c a values > 270 away from BK physical value, LQCD
P T precision (10%) lags experiments (2%) !
12(0)
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Becher-Hill series parameterization

*Advantages include: model independent. f, (qz): P( > );( 5 O){Z akzk(qz,o)—‘
*shape variable “physically meaningful” slope at ¢*=0 4 a .

V¢ -V T

Z(qz. f-(_))

@ Data Series(3) —— Series(2) —— Modified Pole Vis = ¢+ Vi — T

S | D5 wety D’ Ke*v DSl

214 € P _ e | 311

©  [tagged analysis === Dashed lines show 1o region .

Q. 1.2} <i333 y 1.0

= I ]

N - ]

= 399

Nosf z

oLk

E’ﬂ.ﬁ'- " i1 D—Kev 0-1.9 —-0.05—-+0.05

o I_rf ey q 0 D—mev 0-3.0 —0.165—+0.165
|

-0.17 Z 0.17 -0.05 - Z 0.05

*Both linear “series(2)” and quadratic “series(3)” parameterization
describes data well

*Quadratic term a, not well-determined with current statistics

*As data does not support physical basis for the pole & modified pole
models, the model independent Becher-Hill series parameterization
is used for |V

exl
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V.. and V_, Results

Combine measured |V, [f,(0) values using Becher-Hill
parameterization with (FNAL_MILC-HPQCD) for f,(0)

Expt. uncertainties Vcs <2%
Vcd~4% Theory 10%

Decay Mode |V, £ (stat) £ (syst) % [theory)

PDG

D — rev (tagged) preuminary  0.234 + 0.010 + 0.004 | 0.024

0.230 + 0.011

D — mev (untagged) 0.217 £ 0.009 + 0.004 £ 0.023

(v—v interactions)

D — Kev (tagged) Pretminary 1,014 + 0.013 + 0.009 | 0.106

1.04 £ 0.16 (excl. sl. Width
excluding CLEO/BES)

D — Kev (untagged) 1.015+0.010 £ 0.011 |£ 0.106

0.947:+013 W-cs
tagged

Tagged/ Uncertaint
untagged V. exp. thy/ tot.
consistent, PDGT (Kev)* 1.04+0.16 6 14.2
40% overlap W — cs 0.947032 £ 0.14

DO NOT BESIT(Kev) 114+0.07+0.11 6.5 10.
AVERAGE CLEO —c 1.015 +0.015+0.106 1.5

(untagged)

10.4\10.5

PDGT (Kev)

LEP W—cs f L]
BESIIT (Kev)

CLEO- (tagged)

CLEO-c (untagged)

CLEO-c: Best determination of \VVcs, and Vcd in good agreement with PDG
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Most precise B(D — K e*v) and B(D — 7z e€*v).
Most precise measurements of f,(0) and shape for D » 7 e*v.

Best direct measurement of |V

CS|'

o 0O O O

Most precise determination of |V 4| from semileptonic decays.

QO Statistical uncertainties will be reduced

by a factor of \/g

O Most systematic uncertainties are being reevaluated.
Some are expected to be reduced. 200

~ 1000

'E \s = 3.770 GeV
SO

[ Lt

CLEO-c
analysed

Imbnmentad | uminosity (pb

BES-II

Mark-Ill
||

Experiments

O More stringent tests of theory for D - K/ z e*v f,(0) and shape. 0

0 Reduced uncertainties on |V | and |V _4|.

We are eagerly awaiting
more precise LQCD calculations of semileptonic form factors.
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g? resolutions and Raw g? distributions

g2 resolution Raw g2 distribution
- MC DATA CLEOIII(Y(4S)):
D'5Kety || | G~ 600, D'—Ke'v 00 ~ 0.4 GeV?
i 0.012GeV2 %5000 . :
i g 0 ~7000 events CLEO C(“éjs(?jz%))o.lz GoV?
-: [ S/B > 300/1 ="
w 3001
T 4
9 200"
w r
100%
% 0204706 08 1 12 14 16 18
| raw ¢* distribution |
D”é_—m' oty LS QExcellent g2 resolution
g O~ 120 and S/B ratio
g 0.011GeV g -
: g 1:::: 5/71(3)(12\(/)7?6 QTo find the absolute
% 3 decay rate, need to
€ 60:‘ subtract background and
g 45 _ : apply efficiency
20 + corrections
T 0,050 0.050 0 20 2 %es T sz 28

q2res (GeV2) PRELIMINARY o (GeV? tﬁggﬁd El]lﬁlYSiS:
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Simple Pole Model

f(o7)=

2IM2, )
Mark 1l - ( q pole
E691
CLEO (1931)
CLEO (1993)
E&8T (Tag)
E687 (Incl) H—a—H
CLEO (2004) e Y L o .
FOCUS (2008 L, PDG: M (Dg) =(2112.01£0.6)MeV ~ Mo
Bele@IOE)  res m_, (GeV) discrepancy
BABAR (2007) -
preliminary cLeo- (iag) w — CLEOctag  1.96(3)(1) >
CLEO-c (no 1ag) wi — CLEOc notag 1.97(3)(1)
World Average (2007) T \\>
[CLEO-cnotagused . | |, | | | L pofe = (1 901+ 14)M€V =
in world average] 13 2, 25
M,..(GeVic) pole model describes D — Kev
but not when the pole mass
. . *
CLEO-c has 1st measurements of M, for D* the spectrocopic pole M (D)

Important consistency check! similar situation for D — 7wev

but limited statistics — more data
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Modified Pole (BK) Model

)= /()
(l-qZ/m;,exl-an/m;k)

Belle (2006) H+—&—+

LQCD

DRI co-o
c150- oo T > Compatible
P L I

=1 -0.5 a 0.5
Onev My average

LOCD (Abada) —e—s [CLEO -C 110 tﬂg used
QCD SR (Ball) — e in world average]
LCSR (KRWWY) ——
Quark Modael ™ _
LQCD (FNAL-MILC-HPQCD) r—i—.—0—|/ >
Eelle (282 tb™) HeH b 4
o Pl
preliminary o - -

CLEO-c (no tag, 281 pb™) m/

... . 4...41...41...,. |For D— Ke*v,CLEO-c avalues > 270 away from BK physical

o 0.2 0.4 06 08  value, LQCD precision (10%) lags experiments (2%) !

13(0)
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Projections with 818/pb data

~ 1000

U Statistical uncertainties will be reduced by a factor of f: t 35 = 3.770 GeV >
LMost systematic uncertainties are being reevaluated. 'g sl '
some are expected to be reduced. E |
281/pb 818/pb 281/pb 818/pb 1 ILdt
: , , 4 CLEO-c
(BHSEd o1n taggEd ﬂﬂﬁlYSlS) Srﬂf.(ufﬂ) .Sj/Sf(q/G) B analysed
B(D — Kev) 14 09 15 10 s I
fX0)7_ (linear) 1.1 0.7 0.8 0.5 i g
I. Shipsey Experiments
LU £2(0)), (quad) 1.6 10 0.8 0.5 o
Winter CKM Unitarity
f
SALCLR B(D o> rev) 41 27 14 10 Ved _, oo,
— 4. ]
£7(0),, (linear) 3.7 23 07 04 f’;“"
- 4
f7(0, (quad) 53 3.5 0.7 0 . - L
y 7 ol e i
D >zev M _23-35% Do rew P9 (2.3—3.5)%@@
/2 (0) J2(0)
D> Ke'v wqoy—l.zm D — Ke'v |27 =(0.9—1.2)%®@
/7(0) Ves £7(0)
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