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| mportance of Charm Semileptonic Decays

Vekml dG
—— (e M Vel 1 @F
1 Assuming th ffb V and V,, TN

2  Assuming Vand V_ known, we can check theoretical calculations of the form factors

3  Useful input to Vub from exclusive B semileptonic decays
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_CLEO

9 Analysis Technique @ CLEO-c D Tagging

Log scale! Log scale!
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no additional _::
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 Fully reconstruct

one D in the event

in a hadronic mode:

the tag using

281 pb*:1.8" 10°DD M, DE =5 - B
World' s largest M. :\/Efeam - \pa‘z
data set at 3770 Can tag ~25% of events

EPS2007, Manchester, July 19 2007 lan Shipsey



Absol ute Semileptonic Branching Fractions
The neutrino direction is determined to 1°
no kinematics ambiguity
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Tagging creates asingle D beam
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BEFORE CLEO<

- 0 -+
= | D"®p fn
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= ! / DO® K /™n
8200} 4 ~
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SN ~1/3
> 012 0.22 0.32
Dm
ﬁ Tag withD " ® D%,
0 -+
Compare to: D"® p fn
state of the observable:

art measurement Dm=m(p_p/)- m(p/)
at 10 GeV (CLEO I11)
PRL 94, 11802

180
160

D°® p e’n
CLEO-c

SN ~40/1

U=E, < Pnsl (G&V) ' Note:
kinematic
Separation.

Only other high statistics measurement is from Belle
282/fb (x1,000 CLEOCc) 222+ 17 events S/N 4/1
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13 Observations;
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13 Observations:
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CLEO-c semileptonic

aXiva705.4276 [hep-ex] subm PRL BF summary
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D® K/pen without tagging

1) Tagged CLEO-c analysis: 2) Untagged CL EO-c analysis:

[analogousto neutrino reconstruction @ Y(4S)]
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Theuntagged analysis haslarger signal yields
but larger backgroundsand systematic uncertainties
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PDG (2004)
BES Il
LQCD (FNAL-MILC-HPQCD)

|

LQCD (Adaba)
QCD SR (Ball) .

——

LCSR (KRWWY)
LCSR (WWZ)

CLEO-c (tag, 56 pb™)
Belle (tag, 282 fb™)
BABAR (no tag, 75 fb’)

CLERtag: 281 pb™)

CLEO-c (no tag, 281 pb™)
preliminary

E:!§I

(BABAR mess
relativeto D° ®

LIres
Kp")

0 2

4

B(D° — K e* V) (x107)

Shipsey’s averages.

B(D® K en)=(3.555 +0.050)%
B(D°® p en)=(2.99 + 0.12)" 10°
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D ® K, pen Branching Fractions
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QcD SR (Ball)
LCSR (KRWWY) °

LCSR (WW2) ®

CLEO-c (tag, 56 pb™)
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preliminary
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i | ] I 1 | ] 1 ] |

0 2 4
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Significant recent increase in precision
(BABAR/Belle/CLEO-c) measurements
Consistent, CLEO-c most precise
Theoretical precision lags experiment




Semileptonic Decay Form Factors

Exanple D°® pI'n M(D°® pI'n)=-i GFermlV L H"

J2

In D rest frame

Matrix element expr&ssed asform—factors (for D® Pseudoscalar ¢*n) ssmplest case for
experlment and theory
=(P(R)|J,|D(R,)) = £, (@)(Rep +Ro)n+ f. (q )(PKp Rn
dG( D" ® K pen) G?
dg? 24p
Form factor measures probability final state hadron will be formed
Theory (i) calculates at fixed g (ii) uses parameterization to evolve to full g2 range

(i) Theoretical approaches. phenomenological models, QCD sum rules, LQCD.
Only the latter is systematically improvable; aims for severa %
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For ¢ = e, effect of f.(cP)® O negligible:
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(11) Form Factor Parameterizations
f,(0) 1 -

. f(P) =
Ingeneral: Mg ) A L @

- f,(0) 9 M D® K
< | Single pole f,.(0°) = — o
§_< g p (1‘ qz/m|230|e) mpole_m(DS)
7 f,(0)

. Modified Pole f.(a%)=
== - (1' qz/mi)ole)(l_ a qz/miole)
g8 (Allows for additional poles)
% <. Series Expansion  Hill & Becher, Phys. Lett. B 633, 61 (2006)

’ - 2 - -
= LA t+ to te qzz(PD' PK)2 L, 0. gﬂ/I\/IZD+m<)2,
Ty e

maps the physical g regioninto 0<z<0.1: D,® Ken converges
I 2 1 rapidly ®
form factors can be written as. f, (%) =

\ .
thefunction z(g°,t,)

2 k

P 2 _I: 2 a. ak(tO)[Z(qz’tO)] linear or

accounts for D pole = (@) {d7) k=0 e
calculaple function to make a, 'slook smple < ..

Experiment probes both the form factor magnitude & parameterization
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m Absol ute dG/ dg®distributions PRELIMINARY
| Decay Rate | dG _ Gé f, (0)

_ K | Decay Rate | f+(q )=
, + CS| A - -
18 dg* 24p° p_ 12E (1 / POle)
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- . -
o 14 T {4 E —
& - = + 0+
2 12 D°® K en = 42F D*® K%
= 10 = nf
£ 8 R 1
T o6 g sE
C 4] C  4F 1% measurement
= , = =
2| Line= Single Pole 2E
I I T S T S M
[ Decay Hate| Decay Rate
1.6 -
o ME 3 ( 2D* ® p°en
w 12F —
£ = -
= 1 —
T8 08E =
" nEE =
g 0.4F =
= n2E = 1% measurement !
|]:||||I_|||| I T T I T |||||_llll ST U | B e O | R oo | N o v | R s | B
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5

Background subtracted efficiency corrected absolute dG/ dg?
distributions. are simultaneously fit for sospin conjugate pairs
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Removing the kinematic terms
reveals the form factor

(which varies by only afactor ~2 (~3)

across phase space for Ken (pen))

3lue :D° - Kev, Red: D" > K%ev |

15
5. poo K e ‘i
14|
1.3.@

‘\'; *'1:5_ | w

i usi-:_ . % |
F ¢ D*? Kser? 1st
u_a;,-: Z ok %
07 measurement
R T SR T U R v R

g2 (GeV?)

f.(a°)Veq

’\/cs(cd) ‘ ‘ 1:+ (qZ)‘

PRELIMINARY

1/2
eDG(D® K(p)eﬁ)“:>3 3
K(p)i U
i u

lue:D° >nev, Red : D' 5nlev |

0.6
C 02 N at?
osf DO97? p e*" +
0.4; { } +
0.3 +1}
0.2:— * # h

C ¥ 4

- D*? p°e*? 1st
0.1

; measurement
% 05 D 25"
g2 (GeV?)

The g2 spectra for isospin conjugate pairs are consistent which

provides a, unique to CLEO-c, powerful cross check
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L attice Prediction shape and absol ute normalization

2.5 DSKe v, FNAL-MILC-
HPQCD
—— LQCD mean
5 LQGCD Statistical

LQCD Systematic

1.5/
N’g“ -
1=
0.5
- Assuming V_=0.9745
A SR T AN TR W TR TR AN TR SN T S (N ST SR T SR M
% 0.1 02 03 0.4
q*(GeV°)/M.

Curve courtesy
Andreas

Kronfeld
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High Statistics test of shape and absolute normalization f,(g?)

25 FNAL-MIL
. D—) K e+ ve FNAL-MILC- FOCUS (Param} +—+—@&—i HPQCD
—— LQCD mean HPQCD CLEO I e
> LQCD Statistical S
LQCD Systematic
s CLEO-c (This work) BABAR (00T "
» BELLE > Lac o
,_,:LS BaBar [ A CLEO- (tag) +—8—s
Nﬂ' CLEO-
— ¢ (no tag) —e—
1 1 | 1
G T S R ¥
L uﬂav
05|
= LQCD (Adaba) ——
: . QCD SR (Ball) - |
0 _ IASISlIJrT]IIng \I/C$_Q.9|74|.5| 1 1 1 | 1 1 1 1 | Ll LOSR (KRWATY) I = g
0 0.1 02 03 0.4 LosRwwz) © .
q (Gev )‘I"M D‘ Quark Model
LQCD (FNAL-MILC-HPQCD) ————
CLEO prefers smaller slope a S i 2
Normalization: experiments (2%) == -
. . CLED-¢ (tag, 281 pb™) ra
E———— consistent with LQCD (10%) s e -
Andreas : P
ronfeld Theoretical precision lags I I
f3(0)
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High Statistics test of shape and absolute normalization f,(g?)

3.5 CLED Ml e e
Dometv
e
3 Fit to Unquenched LQCD (Abada et al.) Belle (2006) ——&———
Unguenched LQCD (Abada et al.) o - FNAL-MILC-
25 " CLEO-c HPQCD
A BELLE CLED- (tag) —_—
2 — F Y
Na; — CLED-c (o tag) =
= r ; +
— ; -1 -0.5 0 0.5
1 i { e
[ o 41 b 4
0.5 —
~ LOCD {Adaba) —a—
[ | \ ] | |
00 1 0 2 3 Qch SR (Ball) . |
q*(GeV")
LCSR (KAWWY) ——
Assumi ng VCd = 0.2238+0.0029 LCSR (WW2Z) - ®
Quark Model .

Shape: Experiments compatible with LQCD e msmenraco e
Normalization: experiments (4%) Feea
consistent with LQCD (10%) CLEO-: (ho tog, 201 pb)
Theoretical precision lags

¢

o 02 04 06 08
n
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PRELIMINARY

D — p/Ken Which Form Factor Parameterization?

Need to select 1 parameterization to measure intercept & determine
f,(0)Vcx, then use theory value of f,(0) to obtain Vcx

Ar/ArSeries(3)

® Data —— Simple Pole Modified Pole = Series(2) — Series(3)
D? — yc'e’fve T D° — K'e"ve —11.2
15F — T v o0 o
D" — et v, i D' — Koe"ve 140
1 — L 4 * 1
T__ :T + + -
05 1 15 2 05 1 = 15
2 (GeV?/c?)

parameters are not fixed to their model values
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Formfactor fitsto
partial branching
fraction resultsin
five g? ranges
normalized to Hill
series
parameterization
(Untagged shown)

The confidence levels for all parameterizations are good, when shape

We will use the model independent Becher-Hill series parameterization for Vcx
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PRELIMINARY

V. Result |

Comb| ne measured |V ff, (0) valuesusing Becher Hill parameterization with

PDG I (Kev) : et
LEPW—cs H ®
BESIIT (Kev) e CLEO-c
(tagged)
CLEO-c (tagged) ——io— (untagged)
CLEO-c (untagged) ——to—
| ! ! ! ! |
0.5 1
V.l
Uncertainty (%)
V. exp. thy. tot.
PDGG(Ken)* 1.04+0.16 6 14.2 154
W ® cs 0.94°052 +0.14 31
BESII G(Ken) 1.14+0.07x0.11 6.5 10.412.8

CLEO- c 1.014 +0.016+0.106 1.6 10.4 10.5

(* | used PDGO2 to remove CLEO-c and BES || from the average)
EPS2007, Manchester, July 19 2007 lan Shipsey

(FNAL_MILC-HPQCD) for f, (0)

Ve
1.014+0.013+0.009 £0.106
0.996 + 0.008 +£ 0.015+£0.104

stat syst theory

Tagged/untagged
consistent, 40% overlap
DO NOT AVERAGE

CLEO-c: the most
precise direct
determination

of V dominant
uncertainty: LQCD
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VCd Result PRELIMIN,IARY
|

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

CLEO-c V4
(untagged) 0.229+£0.007 £ 0.005% 0.024
CLEO-c (tagged) | —— | stat  syst theory
Tagged/untagged
CLEO-c (untagged) ! —o consistent, 40% overlap
DO NOT AVERAGE
CLEO-c & PDG consistent
] A 1 ! I |

0.2 0.25
Vgl - .
Uncertainty (%) CLEO C: dominant
V., uncertal |_1ty LQCD |
PDGnd® cu 0.22+0.011 5% N remains most precise
CLEO- c 0.229 +0.08+0.024 3.5%A 105%  determination (for now)
Full CLEO-c data set . dvcd _ dTheory
SVed sat. limited DS =16%A

Vcd Theory
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D— e BF+FF

l Interest: 1st measurement of FF in Cabibbo g )
suppressed charm PS-> V decay + o E
dI'(B — e* )/dg? \v * NeedD —K'e, 3 5
dI'(B — K™¢¢)/ dg? ’\/ ‘ D— e FF L
Cvssam@e | Gringtein & Pirjol [hep-ph/0404250] o -
= Eall_ mean = -0,001147 - 0,00100 I
e s ) | 281pb?
Cl pauss_yiekd = 208 - 8.2 e} ] I
= Wpiy2 yield= 57 12 N 19 +
L . I

[+]
CBall_sigma = 0,0152 + 00016 |

2"’EE;a.II_-pl»:n:l: 131+13
embn_yield = 130 + 13

Events | [ 0.00833333

15
10

5t

-H- ....4---: o -

¥ T ]
r . o o L il 1 ;
. -(. il “ 0.0 I1 3
‘ candidates
C Ball_mean = 0.0003 - 00016 | |
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DN wods sjrel [eubis pue adeys punoibyoeq paxiq

Dtagged 281/pb

________

0 L L L 1

cos 9,

Line is projection for fltted Ry, R,

B(D° ® r-e*n)= (1.56+0.160.09) 103
B(D* ® r%*n)= (2.32+0.20+0.12) " 103

Isospin average:

GD°® r-e*n) = (0.41+0.03+0.02)" 102 ps-?

Simultaneous fitto D*® r%n, D%® r-en

R,=1.40 £ 0.25 + 0.03
R,=0.57 + 0.18 + 0.06

PRELIMINARY

380
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Summary of CLEO-c Semileptonic Decay Results

1st observations of 4 modes .
D> e ,D— e ,D — e ,D — K(1270)e’
1st form factors in a Cabibbo suppressed P->VIv decay

B(D—> Kev) pre-CLEO-c dB/B=6% now 2%,
V.|=1.014 + 0.013 + 0.009 = 0.106,.,,, (tag)

V. |[=0.996 + 0.008 + 0.015 + 0.104
Best direct determination of Vcs
B(D—> pev) pre-CLEO-c dB/B=45% now 4%, most precise f+(0) & shape
Ve |= 0.234+0.010+ 0.004 + 0.024,.,,, (tag)

V. |= 0.229+ 0.007 £ 0.005 + 0.024,.,,, (notag)

(most precise determination of Vcd from semileptonic decay)
CLEO-c baseline plan 800/pb @ 3770 & 600/pb at 4170.
=>more stringent tests of theory for D> K/pev f+(0) & shape

=» CKM Precision expected: Vcs (syst. limited) Ved (stat limited)
dVcs dTheory g 0e'l dved _; 4o, 4 dTheory

(notagq)

theory

+ - T = 0
D® Ke'u Ve 0.8% A Theory ved e

Results on D¢ semileptonic decays @QE,, = 4.170 GeV coming soon




