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Semileptonic decays

« Semileptonic decays are the principal
process to determine CKM matrix elements:

« Strong interaction effects are confined to the
hadronic current and are parameterized by
form factors In the massless lepton limit V

— for P to P transitions: #* =pl-+pf)” c Cd.\

— for P to V transitions three form factors
are needed:

2ie'uvaﬂ * * e*‘ i _
H"=M o evpfapl — (M +my)e @ Mﬂi (pi+pf)“ "
D 4 V

* Theory predicts absolute form factor
normalization needed for VCKM

M(D® = 7 17v)=—i Zrmiy [ p

ﬁ cd ~u

(D’ >z ev)= V = il
( .)\ oy v, \\ar) T2y
experiment

d As |V, | & | V4| are tightly constrained by the unitarity of the CKM matrix.
measurements of charm semileptonic rates and form factors are a rigorous theory test.

4 Validated theory can then be applied to B decay to determine V

theory
2
B(D’ »>rmev) / e o (arj:[&]
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Tagged Semileptonic Decay Reconstruction at y(3770)

The y(3770) is about 40 MeV above the DD pair w(3770)—D° DO
DK, DO>Ke*v

threshold (p, =-P)

One of the two D’s is reconstructed in a hadronic
“tag” mode (eg, K*7-). Two key variables:

AE=E

candidate

. 2 2
M bc \/E beam I)Cam/idale

From the remaining tracks and showers the
semileptonic decay is reconstructed

U=E, . —|P,.s is used to identify signal,
E,...and P .. are the missing energy and
momentum approximating the neutrino E and P.

A correctly reconstructed semileptonic decay
satiisfies U ~ 0.

—FE

beam

N(A}emilep from FltS toU
> Nﬁj‘i |

Bvemilep .

s

semilep

™| from Fits to M be
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D’ and D* tag yields in DATA (56 pb!)

D' Decay Mode B (%) PDG D' Decay Mode B (%) PDG

D' Knt 3.80 +£0.09 0 Examples of M, _ fits for in th
R ( ) D" = K07 Q712019 xamp uc fits for in the data
D= K ntr (13.1 -+ 0.9) oo _—
D = K-t Dt = K qtgt (9.1 iO.G) )
BN 7040 - | D" > K xt s=tD’ — Kjr* 7’
D' o K-rtrtr (7.46 + 0.31) Dt = K07l'+7l' (97 + 30) 3 —> T X
] 7700 _ S g g:or:u
gu - %ﬁ Eﬁggiggﬁg Dt = Krtrtrd (64411 [ ~10K dlents | ™}~ 19K events
- T J. W) + _0 4, - I H l‘jzooa p
D' K7t (108+1.3) D+ - Kf il- j: (10£09) B 3
DS KK~ (041£000) DY K*Krt (0920.)
. '%"“ '-S:icr:éai?:?:tc‘:.:?srs E'”cfv:xé"s)“ e faso” fom ‘osg:tl:lte‘naw::cssig'?e%ﬁc Sl
16000 —r—r—r— T T T R . Qmw- D+ - Kﬁ +7Z-+ :’”: i
sooo'— - éaom— - 15K evenlts . é i DO K_7Z'+7Z' P
—~ i —~ ~ ~ 600 1
gzooo < \236000 _ . . é 2000 § il ~4, events|
- = All D ta 8 1000 ] S 200 i
NS = |k
) wn 4000 " Il 1
B B - ~~ 32K g ":530 '.Bf-[’ |.E‘5{| 1.860 1.870 |.,BBU 1.890 '-339 3 0 1,850 1.860 15!0 1330 1.890
_8 8 | ] D* candidate mass ( GeV/c’ ) D° candidat emcss{Ge\-’/c ]
2 4000 - ? - 1
e = ; D' >Krrrs] ~
M " M " i r\ " 1 i 1 M 1 M 1 T| ' g i | T §
%630 1840 1.850 1.860 1870 1880 1890 1’850 1840 1850 1860 1870 1880 1890 = ~5.0K evepts =
D° condidote mass ( Gev/c”) D* condidote mass ( Gev/c") > 2
~30% event ~20% event ’ )
tagging efficiency tagging efficiency S0 TE Tk Anigo T 80 30 mol i Taois o
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Semileptonic decays are
reconstructed with no
kinematic ambiguity

UEEmiss_|l_?)miss :O
500;_ CLEO-c 1/5data ™
400F i m— .
- D > K ev
S 300F E
o E (~1300 events)
< 200f
n »
g 100:
— >
w(3770) > D’ D" S
— OL N ;
DO—)K+7Z'_ DO—)K_€+V -0.1 0 0.1 0.2
b

Tagging creates a single D beam U =E, i« |[Pmisl (GeV)

of known 4-momentum
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CESR CLEO

More Cabibbo allowed modes

-1
c¢—>s Cabibbo Favored 56 pb™’ Data

200.: ——r—————— 7+ ] 150. ———————— T+ D+ _)K*Oe—i—y
S el D' >K'v ]| 3 =
E 5150.: ] % oI KO —>I_< 7_‘_—1—
S .ol (~550 events) W& S (=420 is)

) i i — ~ cvents
— - 1 — '
~ | ) 50. _
B e
E ) 50 i 8
: 5
= %25 A——S,1125 5.00 0.125 0.25 525 Tohes 0.00 . 0125 o2

U= Emiss_ |Pmiss| (GeV) U= Emiss_ |Pmiss| (GeV)
251 T DO SN K*_€+V I
- 20F K- =Kz = Historically Cabibbo allowed
S 150 0 ) 1 E modes: provide a significant
N ~90 events) g — .

SR - background to Cabibbo
N N 7] ~ .
— i 2 suppressed modes, making
2 51 - a .
= : ! o the latter particularly
o 0:++ [ H-+ fo . Ne' & = &) hall .
A _9=2 £ . challenging.....
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Cabibbo suppressed modes

3070404-003

]

Candidates / 4 MeV
S
@]
I

> 0.12 0.22 0.32
Am
A Tag with D™ — D'r
D’ >ty
observable :
state ofthé Am = m(z 7wl) —m(7l)

art measurement

at 10 GeV (CLEO I1I)
PRL 94, 11802
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Candidates / 4 MeV
S
@]
I

0
L 0.12 O.i2 0.32
m

ﬁ Tag with DT> DO;ZS
0 o

Compare to: D" —zty

state of the observable

art measurement Am =m(z wl)—m(xzl)

at 10 GeV (CLEO III)
PRL 94, 11802
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Cabibbo suppressed modes

_semmorcos 56 pb! Data

T T T T O _ o -
o D > rxev
SNSIOE

s 30 .

S —>K"ev

— 20k

. ]

2 Note:

§ " : \ kinematic

ol o Ml  separation.
-7 0  of 02 03

U=E_.|P

miss

| (GeV)

miss



Cabibbo suppressed modes

Compare to:
state of the

at 10 GeV (CLEO III)

PRL 94, 11802

1
S [:3??:3410?-?0'1' 56 pb Data. N 0 . N
i D’ > ey o D" —>rmev
i PN S
| D' K av = sop / (~ events)
o I —)K+E Vv
= ]
é 10: Note:
o kinematic
S/N ~1/3 a2 of A « separation.
0 22 032 -0-1 0 od 02 03
Am
ﬁ Tag with D — D’rx Y= Enies™ Pl (GEV)
D= z'ly - D* > %"y
observable E 1o.0]- |
art measurement Am =m(z zl)—m(zl) S
: 5.0
‘8 ‘ <
8 ‘ G
2., ot T
U= Emiss_ |Pmiss| (GeV)
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Only measurements
untl now i

E791 |
PLB 397 !

325
(1997)

FOCUS
Hep-ex s

&=}

/0511022 £ |
(Nov 20055 |

Relative ol

Rate:

10

(D" — p’e™v)

(D" — K" )’
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More Cabibb

o supressed modes

D —p "ty

| Yield = 320 + 44
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M()re Cablbbo Supressed modes 56 pb-! Data

Only measurements
untl now

E791 o
PLB 397 |
325

(1997)

SN i

$0.0 |- —
) X

;5.0_

ii : : : AN < _ :
FOCUS 9'00,25 —0. 125 0.00 0.125 0.25
H - U= m iss |Pm ssl (GeV)

/0511022 £ |
(Nov 20055 |

Yield =320+ 44

Relative ol

Rate: '
(D" — p’e™v)
(D" — K ')’
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More Cabibbo Supressed modes 56 pb I Data

il | | 20.0 ——— T ——
Slillynr;l;asurement N D %’l-‘l:': Vv l)Jr 2 poe 14
E791 " SIN~15/1 ;
PLB 397 / ]
325 y 00 _" B
(1997) i
Relative rate:
(D" — p'e” V)
o+
F(D - K ) —0.25 —0. 125 0.00 0.125 0.25
U= mlss |Pm|ss| (GeV)
10.0p——————" e ———
: D’ —, p ety 15t Observation. 1

(~30 events) B
‘ /)0 — K* e'v

7.5 \

5.0

2 5|

O_

A L 1 1

i
O
Useful for Grinstein’s  1'(B —p e V) I'(D — pe V) U=E P | (GeV)

Double ratio Vub?/ Vcb? miss™ |Prmiss!
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More Cablbbo Supressed mades 56 pb-! Data

1
Only measurement l)Jr — poe+V

untl now
E791
PLB 397
325 T
(1997) g !
Relative rate:
F(D+ N pOe+V) [ =
(D" — K ev)o

]} %pl:l: Vv

0.0 —
)
» B .

—b,25 —0. 125 0.00 0.125 0.25
S AR B L 10.0 U=E s |Pm|ss| (GeV)
- ] O—————7—— " 1
[ . Dt — wetv . 0 15t Observation. -
+O 1st Observation [ D' —pev :

- ] 7.5 \ / (~30 events) ]

3.0 N e - i (15

2.0 :— .f\ (50) _: 5.0:

0.0 beteceesesesd lesiossismnnle . : p

—0.25 —0.125 0.00 0.125 0.25 i L
Useful for Grinstein’s  1'(B —p e y) I'(D — pe'v) o 0 0.1 0.2 0.3
Double ratio Vub?/ Vcb? U=E Pl (GEV)
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Charm 2006

Mode B (%) B (%) (PDG)
D’ 5 K-etu, 3.44+0.10+0.10 3.58+0.18
D% 5 ety 0.26 +0.03 +0.01 0.36 £+ 0.06

D° o K* (K- 7%etv, 211 +£0.234+0.10 2.15+0.35

D° - K" (K°n 7 )etwve 2194020+ 0.11 2.15+0.35
D% = p et 0.19 +0.04 +0.01 —

Dt — K%%v, 871+0.38+0.37 6.7+0.9
DT = 1% " v, 0.44 +0.06 £0.03 0.31+0.15

5.56 +£0.27+0.23 5.5+0.7
0.21 £0.04 £0.01 0.25+0.10
0.167357 +0.01 —

Dt 5 K*%ty,
D = pletu,
DT 5 wetrve

The following two modes D° — p-e*vand D*
— we*v are observed for the first time

Most systematic uncertainties are measured in
data and will be reduced with a larger data
sample.

Absolute branching fractions for D semileptonic decays with 56 pb~!

B PDG 2004
fad
W CLEO-c(s6/pb)

\I BES
i\ Phys.Lett.B,

E 597, 39 (2004)
_

O -
s n el

DK el

D> K (K ne'y

D K (K e
P v _

D'> K%K nHe'r mm
i Phys.Lett.B

608,24 (2005)

D*— mlefv

b oK e

D' spe v

e —
D wely ——— ——

0 1 2
Normalized to PDG

-1

CLEO-c results are the most precise for ALL modes

lan Shipsey

References:
PRL 95, 181801 (2005);

PRL 95, 181802 (2005)
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Isospin Conjugation Test.

We expect T'(D" — (¢d)1v)=T(D" = (git) I v), iso-spin conjugation
However, PDG04, I'(D° —» K e'v)/T(D" — K’'v)=1.35£0.19!

B.
[ =—
.
| | L] LI L L] | I Ll L] Ll ! I I L] L] I L] Ll Ll L]
From CLEO-c (56pb ') measurements, B PDG 2004
: - I B CLEO-c(57/pb)
LD 2K ev) ) 00+0.05+0.04 . M BES
(D" —> K'e'v) o

[(D" > 7 e'v) +0.14
=075, £0.04 o S
2-T(D" = n’*v) v

(D’ — K e'v)
(D" - K ')

=0.98+0.08+0.04 =

| | 1 1 1 1 1 1 1 L 1 I 1 1 L L | L 1 1 L
0 1 2
Results are consistent with isospin invariance within experimental precision
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Updated tagged B(D— K/ 7/ p/ @ e'v) 281pb”’

Mode

CLEO-c with 280 pb~'(%) CLEO-c

with 55.8 pb~ (%)

D’ — K etv
D° — ety
D’ — petv
Dt — Kletv
Dt = 7lety
Dt — pletv
Dt — wetv

No updated
numbers
today
aiming for
ICHEP

).06
0.005
0.005
).20
0.007
0.006

e oens 20005

344+ 0.10+0.10
0.26 = 0.03 & 0.01
0.194 + 0.039 £ 0.013
8.71 4 0.38 + 0.37
0.44 4 0.06 + 0.03
0.21 = 0.04 & 0.01
0.16109% + 0.01

—r
B CLEO-c (56pb™) i
B CiEOe sopb ) E
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b > ney _I-o-l
D 5 ke -l
D! 5 ey I-—
D! > nlew —
D! 5> Kle'p -
D* — o'y _
D' > wey —
. :
0.0 1.0 2.0

Results from the two

samples agree well

(D’ - K e'v)
(D" — K'"v)

= x.xxx £0.024(stat)

(D’ - 7 e'v)

5 = x.xxx +0.075(stat )
2I(D" > e'v)
F[DO — p_ev]

2F[D+—>p0ev

== (VIS )
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Searching for additional decays: First Observation of D™ —>ne™ v

« Search for D*— nev, 77’6 v and ¢e Vv (allows to study 7-77"and w-¢ mixing):

, | For ey LRI 16 study -7 and o-d

12| peak_yield = 32.6+ 6.7 |

;'; T & 6 peak yield= 138+ 40 _—) o ve
E oF Yield: 32.6+6.7 events S [Yield - 13| 8;40events 2 sleifj:lﬂ_m_s |
I ' — : T
% 3377_)77 % 4; 77_)72'+7;;'T72'0 g E_ N 77 ,07/
g 5_ ) ﬁ s T E 3
10 T
3 o2 o ° o E“u-P“:;f{GeWG“%a AT IJJ;Jj T TR T B T Y e TR YR RarE
E o, (Gevich) E oo P, (GEVIE"Z)
All other plots [n’(nzx), (KK)| are empty!
A first
CLEO-c PRELIVINARY oG200s | A8
B(D" > ne'v)~1x107 B(D" = nl'v) <5x107(90%C.L.)| B LRI L33
B(D" — n'e'v) <a fewx 10~ (90%C.L) |B(D* — 1 1r'v) <1.1%(90%C.L.) | Ibelbima et
more
B(D" — ge'v) <afewx107(90%C.L.) ||B(D" — de'v) < 2.09%(90%C.L.) | [P erprang

Only approximate numbers today aiming for ICHEP than PDG;
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CESR CLEO

P — P (P=K,1) semileptonic transitions are gold-_
plated: the simplest modes for both theory (LQCD)g

& experiment: S
2
c
2 2 53 o
dF(D 2 K(ﬂ')el/ . GF Vcs(cd)‘ PK(,T) f ( 2)2 I
dq 247’ L
where  q> =M *(ev)
 Main goals:

Measure efficiency-corrected absolutely-normalized
decay rate distributions and form factors

Measure form factor shape parameters to test LQCDS
and model predictions

Measure both D% and D* decays . As they are
related by isospin = a nice cross-check and
improves precision

Events/0.30Ge

Two analyses, tagged and untagged.

Charm 2006 lan Shipsey

&) Form Factorsin P — P e v transitions

600 F
500

B Peliminary
reimina
30 Y

200 ; 7000 events

IN]E S/B > 300/1

00" 0204 06 08 1
9 (GeV?)

Raw q? distr.
D%— K ey

Note the background in blue

140
120 —
100

a 700 events
S/B ~20/1

Y L

—=SE B o5

o (GeV?)

Tagged dI'/dg? distributions in data
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PRELIMINARY
(tagged) Form Factors as a Stringent Test of LQCD

 LQCD (blue)
FNAL+MILC |
unquenched three flavor
LQCD [C. Aubin et al., PRL jLaco] -
94 011601 (2005)] updated =" <
— Lattice systematic & ym
uncertainties dominate: e -
- | CLEO-c
LOCD(D — 7ev): ) :
f+(0)=064i003+006 o:salu TN R N 1O 1 DU_HI'OlslIII'll' -..115 ,..é..-,2|5.. Jiliu
a =0.44+0.0440.07. - o#{(GeV?) -
LOCD(D — Kev): 085,
£.(0)=0.73£0.03+007: |Laco|
a =0.50%£0.0440.07. 08/
« The green lines are our w8 S
fits to CLEO-c data s [ % =
. iy [ (=]
 The dashed lines show o7 | CLEO-c o |
+ i I B _
10 (stat+syst) regions ._ wf D 0 3 K ety
O‘Ei---"-'----5="'!'--'-=|'=-------5!----'-'!== OOl I I0.|2I J Ol4 I IDjGI l I0.|8I 6 ‘; l l1,.|2I I 11.| = I1.|6I I I1.JBI l 2I
Simple Pole |+, = /" (0) Modified Pole | f+(,2) = S (0)
2 2
MOdel (1 — G /mPOIE) MOdel (1 B qz/mlz)ole Xl —a qz/m;ole) 19
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D— Pev Branching Fractions &Form Factors
with v Reconstruction

No D tag required: reconstruct semileptonic D

decay from its decay products, including the v.

P VEP miss=P event — P visible
2=( )2
G-=(PetP iss
J — : —
Pmiss_BPmiss (B gives AE—O)
I I
Priss (GEV) 10 - g% (GeV?)
7000/ s RS o096
6000; -
sonni— %jﬁ 7
4000;— gzn;—
3UUUf %15 a3
ZUUEE "ﬁ‘"?
1000; :_
IEBFD 30T A 00505 %70 e T R T T e

MC: Reconstructed — True for D°—n*ev
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D— Pev Branching Fractions and Form Factors with
v Reconstruction

Using the reconstructed v and a signal K or r,
reconstruct D in the usual way:

AE = EK + Ee t |pmiss| - Ebeam
Mbc = \/Ezbeam _ (pK + Pe + p’mis.s)2

M, . distributions fitted simultaneously in 5 g2 bins to
obtain d(BF)/dqg?. Integrate to get branching fractions
and fit to obtain form-factor parameters.
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Chc....

EventsS MeaV

Igll

o
1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.B8 1.89

I§II

Dt*—nle*v

EventsS MaV

150

Diala Efliasa- 2685
Desiln Miasani: 1.8484
MC Ertriea: 3051

M,_(GeV)

R

Drarla Eriries: 865
Dol Miears: 18538
MG Entries: BT8

i LA

_i_

" 1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89

e =~ —y

M, (GeV)

® Data
[]xtev

O Krev

B o5 Bkgd
B e v

O K(nmlewv

: K”;:lﬂra.'r ev
[] D*Dr Bkgd
[1 tMC

[] Cont MC

B Fakes

® Data

L] nev

] K.ev

B 5 Bkgd
B rtev

[l Krev

] K, eV
[] D*D- Bkgd
O tMC

[] Cont MC

B Fakes

DO—K-etv

s § E B E @ BB

g

Data Erliaea: 15808
Desiln Miasais: 18615
MLC Ertriea: 16007

1 1 Lo 1

| LG Msanc 1613

| —]

" 1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89

D+—>KSG+V

§ § E B § €

. EventsS MaV
g

o
1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.B8 1.89

M, (GeV)

Drals Emiries: THEH
Dol Miears: 1.8BE08
MG Entries: TT38

M, (GeV)

i LECE,

B

M, . fits for the four D—Pev modes (all g°)

® Data

[] Ktev

B rtev

B »'5° Bkgd
B e v

O Konm)ev
B K e

other

[] D*D- Bkgd
] tMC

] Cont MC
B Fakes

® Data
[] K.ev
B rlev
B »'5° Bkgd
B ztev
] Kzewv
B K e

other
[] D*D Bkgd
[] tMC
] Cont MC

B Fakes



CESR CLEO

C ? Yields and Branching Fractions (281pb-!) P RE LI M I NARY

Untagged neutrino analysis

D Decay Yield (Eff. Corr.) | Yield (Uncorr.) Br. Frac.
D® s K*ey | 72076 + 663 + 1230 14395 + 78 3.56 + 0.03 £ 0.10 %
D° _s rte v 6097 + 223 + 139 1346 + 28 0.301 + 0.011 + 0.010 %
D _y K% 1, | 136736 £ 2054 + 2415 5842 + 54 8.71 +0.13 £ 0.27 %
D = 2% v 5988 + 385 + 176 450 + 17 0.382 + 0.025 + 0.015 %
Ratio Measured Ratio Measured
D'>rev | g46+£03224013% | L2 27 eV | 500 4045 £0.09

D’ > K'ev (D" = 7’e v)

+ 0 0 aE
D >7nev | 438+029+013% | LD >Kev)| 4103 +0.02+0.04
D* > K% v (D" — K'e v)
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CESR CLEO

Form Factor Fit Plots

Preliminary

- DO rety D* ety —
4_5§_ l — Simple Pole sE- | — Simple Pole
43_ | Modlified Pole 4.52_ | Modified Pole
= T asf
3 I— S 3:_
w; 252— b g |
¥ T
1.55— + E_ +
11]_ Iﬂ.|5l — { — I|.|5I — 2| I I 2.|5 U_ IU.ISI E— I II.IEI — 2| — I2.|5I —
¢ (GeV)’ ¢ (GeV)?
Simple Pole | -, 2 /(0 Modified Pole | ., » /(0
S (q)= =
Model (1 — qz/mfm,e) Model Ja) (1 — qz/mfm,e Xl — aqz/mlzmle)
Decay Mode - Simple Pole V.| f7(0) Mol
DY — rtev 0.146 £ 0.004 + 0.003 1.87 £ 0.03 £ 0.01
D* — lev 0.152 £ 0.007 + 0.004 1.97 £ 0.07 £ 0.02
Decay Mode - Modified Pole V.| f*(0) o
DY — rtev 0.142 £ 0.005 + 0.003 0.37 £0.09 £ 0.03
D* — lev 0.151 £ 0.008 + 0.004 0.12+0.17 £ 0.05
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CESR CLEO

C D—»Ketv |

Form Factor Fit Plots

_ D*—>Kgetv
zz; ‘ —— Simple Pole acE_ + —— Simple Pole
E Modified Pole ne Modified Pole
S E e E
s S *
'Jﬂg 'ulﬂllluld,"'ulﬁ"'ula' "1'"'1'::"W ug 'u|2"'0|4"'u|a"'ula' "1|"'1|:A-I—I|IBI_"F
| - | .qE(GE‘u‘)z - | - - | - | lqz Gev? | - -
Simple Pole | -, 2 /(0 Modified Pole | ., » /(0
f(q)= =
Model (1 — qz/mfm,e) Model S (1 — qz/mfm,e Xl — aqz/mlzmle)
Decay Mode V.| F*(0) Myole
D% — Ktev 0.736 £ 0.005 £ 0.010 1.98 £ 0.03 £ 0.02
D* — Koev 0.720 £ 0.009 £ 0.012 1.97 £ 0.05 £ 0.02
Decay Mode V.| f*(0) a
D% — Ktev 0.734 + 0.006 £ 0.010 0.18 £ 0.05 +£0.03
D* — K%ev 0.718 £ 0.009 £ 0.012 0.20 £ 0.08 £ 0.04
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CESR  _CLEO

=

Compare to previous results & Lattice

Constitutes a test of lattice normalization

1 1 [(D > Kev) < [V, [If,”(q*)dg’
(l—qz/mlz);) (l—aqz/m;:)

L7704 =ﬂ(0)[

T T L e ' . 0 _
D’ > K e'v ' D" >mnev
FDdGE {2004 e | FDG L2004 e .
(2009 (2009 (for lattice
BES || [ —] BES Il [—] use
| Laco = PDG
LacD ! O
Ves, Ved)
CLED—c (tag, 56 pb™")  He=l=h CLEQO—c (tag, 56 pb™"} =i
Belle (tag, 282 fb) ikl Belle (tag, 282 ") HH
This —tT—., / This
CLEO—c (no tag, 280 pb™ CLEO—c {no tag, 280 pb™) M |
Result ¢ (no tag, 280 pb™) I‘T' Result
S | B | B | B | IR ) 1 ] 1 ] " ] ) ]
20 25 30 35 40 45 0 , 2. 4. 6
B(D'—re V) x 107 B(D"—me V) x 10

Consistency with previous measurements good.. Belle & CLEO-c data
has recently improved the precision of the LQCD normalization test.
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CESR  _CLEO

=

T T
FOCUS {Porom} M=l
CLEG 1 B |
Belle (2006) —
BABAR (2006) -
LQcD -
CLEC—c {nc tog, D" (]
CLEC—c {nc tog, D*) el
GLEC—c {no tog, average) mi

-0.8 -0.4 0.0 0.4 0.8
L

world average «,,,=0.35+0.033

Only CLEO-c measures D° & D*

BABAR (CLEO-c) is the most precise for
D—Ke*v (D—1e*v)

Charm 2006

lan Shipsey

Comparison of experiments for form factor shape parameter

T T T T 1
CLEQ I e 1|
Belle (2006) el
LQCD 8
CLEQ—c (ne tag, DU it
CLEQ—c (ne tag, DY) o ol
CLEQ—c (no tog, average) B

-1.2 -0.8 -0.4 0.0 0.4 0.8

world average gém =0.33£0.08

D—Ke*vCLEO-c lower than latttice,
B factories in agreement.
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‘PRELIMINARY V. and V_, Results | Jmee

analysis
Combine |V,|f(0) with LQCD value for f(O)PRL 94, 011601 (2005)
Decay Mode |V, | % (stat)  (syst) £ (theory) PDG (HF) Value
DO — #tev 0.221 £ 0.013 £ 0.004 + 0.028 0.224 + 0.012

D% — Ktev 1.006 £ 0.007 £ 0.013 £ 0.103 0.996 + 0.013 (0.976 £ 0.014)

D* — nlev 0.235 £ 0.016 + 0.006 £ 0.029 0.224 £ 0.012

D* — Klev 0.984 + 0.042 + 0.017 £ 0.101 0.996 + 0.013 (0.976 £ 0.014)

Expt. errors Vcs ~2% Ved~4% Theory error 10%

Since Ves (W= ¢s LEP) and Ved (vN) are well measured. Good
agreement between PDG(HF) and CLEO-c results 1s primarily a

check of the LQCD value for f(0). Nevertheless, the most precise
Vcs and Vced determinations using semileptonic decays to date

Precision ~ CLEO-c tagged analysis (by ICHEP) much
independent information: 40% of events are common to the

two analyses Combined results will give best precision.
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V., &D — pev

A precision determination of Vub is one of the highest priorities in flavor

physics. Progress has been thwarted by dominant theoretical uncertainty

A variety of methods are needed

— Heavy Quark Symmetry predicts that form-factor for a V ,, decay, say
B—n/v is the same as for D—n/v at the same invariant 4 velocity,

modulo corrections

— Double Ratios:

As the helicity amplitudes for rare B=> VIl are related at leading

Grinstein,

[hep-ph/9308226]

order in A//mb to P> V semileptonic transitions

2

dI'(B — p e'v)/dg’ . Vs
dT'(B— K 00)/ dq’ \Vcbf
Grinstein & Pirjol [hep-ph/0404250]

Charm 2006 lan Shipsey

NeedD — K ev,D — pev
form factors the latter

are unmeasured
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DV — pe"v Tagged analysis 281/pb

D* > plefv
Dl aanun sy et L B

15§-(d)

10}

* 56 pb'é

OZ i
U of D+ candidates | _025 0 025

—050 0 020

L |
~ 30 .
2 Ball_mean = 0.0003 +0.0018 2 CBall_mean = -0.001147 + 0.00160
2 Ball_5f9m8= 0.0152 £ 0.0016 — @ 5o CBall_sigma = 0.0101+0.0010 =
8 all_yl-eld = 13113 ‘\ % ?Ball_yield = 173£15
= mbn_yield = 130 £ 13 1 S lgauss yield= 29.8+8.2 ]
= °"N 131 13 ] % Opiy2_yield = 57 =12
— + 1 5
_ ¢ w N=173+15 1|
10; . \ J 205_
o N
- [ ‘! l - J
L gppieslal N I . - 7 .
8357572 045 04 -0.05 -0 005 01 015 02 025 S e 005 0 005 04 015 05 025
Results
yield this work CLEO-c PRL (56 pb-1) CQHITI;ZHL
No 0 0 with 56/p
DO — p-etv N ) 017+0.005)% (0.194+0.039:0.013)% | i

D+ —> p0etv ltoday  ).019+0.006)% ( 0.21 +0.04+ 0.01)% | aiming for
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Kinematic variables and the decay rate

1 Five kinematic variables
describe the decay rate: e*

JT

+ 9::
0
Ll “r"'

q”, cos 0,,cosl_, y, m(xr) O

w* P
J We fit to the decay rate
1 1
d” o 0 3G'% 2 Ppo \
dg2d cos 6,d cos O.dx Blp" — 7Tﬂ-)S(ﬁlﬂ')‘l|VCS| Mp

{(1 + cos 0.) sin? 0| H., (¢°)|”
+(1 — cos 0,)? sin? 0| H_(qg°)|*
+4sin? 0, cos® 0, Ho(¢*)|?
+4 sin O, (1 + cos 0. ) sim 0, cos 6, cos X|H (¢°) Ho(q?)
—4sin 0.(1 — cos 0.) gin 0, cos 0, cos XIH_(q*) Ho(¢%)
—2sin? 0, sin? 8, cos 2x|H | (¢*) H_(¢*

4(0) V' (0)

[ Dependence on the formy/ factors Ay (q°) = V(g’)=

enters through|H,, H and H|

1-qg*/M>%° 1-q°/M;
L VO 40

"TA0) 7 4(0)
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Form Factors
« D*— plevand DY — pevare fit simultaneously.

R, Nt 0.2 (stat)

Rz_?;ﬁz;’“woz(smz) N M1 .
| 1

Preliminary central values-"_.:_ Hj $M 1 #Aﬁ m

are consistent with LT 2 1 T j

K*uv results from FOCUS:“ |+ cos 0,
R, =1.50+0.07 —

This is the first multidimensional
R2 =(0).88+0.08 fit for form factors in Cabibbo-

_ suppressed P — V[ vtransions 32
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Inclusive D — Xe*v

281 pb-' to be submitted to PRL

= Motivations:

= Cross-check with exclusives: saturation by lightest V & PS modes?
= Check equality of charged and neutral — evidence of WA?

= |nput for others: BF and spectra.

= Use only purest tags:
« 47K D°—Kn* (S/B~60)
o 74K D*—>Kr*nt (S/B~25)
= e |D by dE/dx and RICH,
p>200 MeV/c

= Unfold right- and wrong-
sign electrons to obtain
true lab-frame spectra.

Charm 2006 lan Shipsey

Dt D"

Signal e™
Right-sign (raw) 8275 £ 91 2239 £ 47
Wrong-sign (raw) 228115 233+15

Right-sign (unfolded) 9186 4 103 2453 + 54
Wrong-sign (unfolded) 231+19 203+ 19

Sideband e™ (RS) 168+ 13 15 +4
Sideband e*(WS) hE. ./ 11+4
Net e* 8798 + 105 2246 £ 57
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+ —
D— X p )
ev > 1600 —oD
Results I-o 0.3 I I = > < = .Y S
0 /)+ n
= Lab-frame EO) /D 2
momentum spectra 600 e :qf’ 0.2
dl'/dp, T +++++++ >
= Fit observed Enf ++ % 12 o
spectra to models, 1 r , e
including FSR. : Mty 06 CLEO-c
Use results to f Electro ?\fm ntum (Ge \1//0 a 00 0.2 0.4 0.6 0.8 ) 1
correct for p<200  *79 DELCO  p,(GeV)
MeV/c production. The DO/D+ spectra have same shape

BF(D*—Xe™v)=(16.1310.20£0.33)% > B(D; , .)=(15.1£0.5£0.5)%

0_, 0
BF(D%—Xe*v)=(6.46+0.17+0.13)% S B(DL,. )= (6240.2+02)%

[(D*—Xe*)=(0.1551£0.0020£0.0035)pS"  T1.c liohtest PS &V resonances
[(D°—Xe*v)=(0.1574+0.0041+0.0032)ps™"  saturate the semileptonic

L : - width. Any additional exclusive
L D) 085+0.028+0.015 Consistent with o il 1 i
o) isospin invariance MOAes wWill have sma

branching ratios 34
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Summary CLEO-c semileptonic decays
* Goals of CLEO-c semileptonic decay analysis program

« provide validation and calibration data for LQCD and other
theoretical approaches in as many processes as possible. Thereby
enabling theory (especially LQCD) to be applied to B physics (Vub)

« With a validated theory measure Vcs and Vcd

« CLEO-c is providing unique data to meet these goals

*Most comprehensive and precise measurement of semileptonic decay
branching fractions (10 modes) to date

D% — p-e*v D*— we*v and D+ — ne+vare observed for the first time
Measurement of the absolute form factor magnitude and shape

for D°— Ke*v and D° — e+ v

First measurement of the absolute form factor magnitude and shape

for D*— Ke*v and D* — me+v

First measurement of the form factors in for D°— p-e*vand D" — ple*v
Measurement of the helicity amplitude in D — K*e*v (not shown)

Most precise measurement of D°— Xe*vand D™ — Xe*v

All measurements consistent with isospin invariance

Lightest PS &V resonances saturate the semileptonic width.
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Additional Slides
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