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Importance ofi Charm Semileptonic Decays

J Golden P—P transitions:

)
dl'(D - K(;z)ev) ,where g =M
2471

u, dors
v Assumlng theoretical calculations of form factors, we can extract |V | and

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

v" Tested theory can then be applied to B semileptonic decays to extract |V
(0 New modes: to gain a complete understanding of charm semileptonic decays

d P—V transitions: 3 hadronic form factors are needed.
No unquenched LQCD calculation exists.
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neory + Experiment = Precision Flavor Physics
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Theory: A Breakthroughiin Lattice QCD

URevolutionary progress BEFOREI . I
(2003) in algorithms (Quenched) - | Jx
allows inclusion of QCD R e,
vacuum polarization. 20y, — M,
(Talk by Christine Davies - :;; ’f‘____.{jf
later this morning) AL
ULQCD demonstrated it - (1P —15)
can reproduce a wide T | ven1s)
range of mass differences o | ras_1s)
and decay constants. - T(LF - 15)
U.IEJ 1 1i1
These were postdictions LQCD/Exp’t (ny = 0)

.. Now
- (Unquenched)

™ |

——=—  Phys.Rev.Lett.
- 92:022001

(2004):

High-Precision

Lattice QCD

Confronts
—— Experiment

09 1 1.1
LQCD/Exp't (nj = 3)

*This dramatic improvement needs validation

*Charm semileptonic Form factors

*Charm decay constants f,, & fp (next talk by Roy Briere)
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High-Precision Experiments Confront LQCD

e*e- collider at charm threshold

« Tagged: ee >y (3770) > DD ore'e” — D.D, at 4170 MeV
— Fully reconstruct one D(D,) in hadronic final states, study the
system recoiling from the D (D + )
— 4-momentum of the semileptonic D(D,) is known from tagging
Almost background free, excellent g2 resolution

» Untagged:(results superseded by tagged results with full dataset)

— Combine the missing 4-momentum of the events with those of the
hadron and lepton to form a D.

— Larger signal yields, also larger backgrounds

e*e- collider at Y(4S)
« Tagged: e¢e¢ —»D.)D

tag”— sig

*_

X, where X =72°, 7", K"
—  Fully reconstruct the D\,) X 7z, then the 4-momentum of the D is known

« Untagged:

— Neutrino 4-momentum is estimated from the other particles in the
event, the DO is then combined with a T* to form D™

Fixed target

%ﬁ"? D lifetime measurements + Semileptonic decays with D from D™*—DOmr*
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@B Analysis Technique at 3770 MeV (tagged)

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

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

e*e- >y(3770)>DD

 Two key variables in the reconstruction —__
|D° - K7 ,D" > Kfe+vl

ofatag: AL =FEp L,

beam

2
M, =.|E; /c?

beam

/c* _‘;D
Tagging creates a single D beam of known 4-momentum

O For semileptonicD: U =E,  — | Puis |

U peaks at zero for real semileptonic decays

An absolute measurement, independent of the
integrated luminosity and number of D mesons in the data sample
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D Tagging at 3770 MeV.
M

World’s largest data . =.E. /c* ‘ Pp
set at 3.770 GeV

— En K+
Pure DD, L0 T

zero additional
particles,
~5-6 charged
particles per event

~6.6x 10° D9 and
~4.8 x 10° D* tags
reconstructed from
~5.4 x 10° DD events

Events / (1 MeV/c?)
o

—k
o
5]

We tag 100k

~20% of the events, '
compared to ;
~0.1% of B’s at the 107

10°

P R R T N T 1
Y(4S) 1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88

A,[ (GeV/c?)
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Eits to the U Distributions for D—Kev

600

[ D¢ Kt o - 1 I Yleld
400[ g.dgq}fccg[:;t:\?%‘ i 1D.D£;E{1zn(;t§‘gpm‘ 12°° - + o, |59
a0l NN ’_‘_.-L 1200 ! (all tags/q? ):
- —>Kev : i
> | ¢ 1150 14121+121  |**
@ 200} : 1100
Eﬂ - 4 of 27 U fits _ - 300
o 1001 - 150
o 0' I I:.__' _I"J . Il'h___— 0 B 17°°
0 400F D' 5K n-n-mtag D' 5K n-nm tag ]
c . 0.4<0°<0.6 GeVc* | 1,0=g°<1.2 GeV?/c* 4200 100
S a0l _ |
@ 309] L {150 o
0 0.1 0.2
200 1 4100 U (GeV)
100k 1 ls0 WWe perform binned likelihood
ol ol 1, fits to U distributions in each g2
0 01 0.2 0 01 0.2 bin and tag mode
_ 1 p . |(GeV) _

U=E, . —¢|Pus | dSignal shapes are taken from
Comparisons S/N ~300/1 Zlgnal MC, smeared with double
with B Signal events ~14000 aussians
Eﬁto?/\l;les U resolution ~10 MeV EIBackground shages are taken_

42 resolution ~0.008 GeV2/ct from MC with all DD and non-DD
decays

05/29/2009 Charm Semileptonic Decays Bo Xin 9



CESR

© 3 [Fits to the U Distributions for D—>r/1m /KO ey

— T - ! 0 -+
25 D —K* mt i D* —K* it
O.Equco.QEgeV?fc“ I ‘|.Ssq2<2n._oagevﬂfc-* 129 D — e Ve
20 . 1
i - 415
15 0 __ S/N ~40/1
% 10l D —>rev, {10
g. 5[ } 15 Signal events ~1400
S ol 4 - N
E 30 D" =K n-n-mtag D* K n—n—n'tag 4 25 U reSOIUtlon 10 Mev
= 6=0%<0.9 GeV/c' | 55g<2.0 GeV/c' 1
® 2 A S R | o? resolution | ~0.008 GeV2/c*
- 15 4 of 21 U fits ]15
10 | |! 10 Comparisons with B factories
5 1° on the next two slides
0 0
0 0.1 0.2 0 0.1 0.2
o5 D- —K* t-n—tag D- —K* n-n-tag 1 140;_ D~ —K* - nn’tag D-—K*m - rnntag
0.3<g?<0.6 GeVZ/c* 1.2<g%<1.5 GeV3/c* 20 120 2 0.2=g°<0.4 GeV3/c' 0.8=g%<1.2 GeV3/¢’ ] 80
20 1,5 100F | {e0
+ 0 + 80 + 0+ ]
> 1° D" >rev > S8F D" > K'e'y _
© 10 e | 10 5 60F e 140
= L s o ‘of 120
S ° | g 20} ]
© 0 —Jo 2 of : 10
w 10 D- —>Kin n"tag D~ —KIn-n’tag wn 70 i D~ —Kin-n-n*tag D- —Kin-n-n*tag | 50
S 8 0.3=9°<0.6 GeV/c* 1.259°<1.5 Gevie' |8 E 60 | | 0.2<g?<0.4 GeV2/c! 0.8<g2<1.0 GeVzic*
T : e 3 sof
6 4 of 42 U fits a0
4 | = 30|
2 2 20 [
10
0 . k O 0 5 L
0 0.1 0.2 0] 0.1 0.2 0 0.1 0.2 0 0.1 0.2
U (GeV) U (GeV)
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DO— K/ [*v: at Belle
Compared to CLEO-c (818 pb-' tagged):

U Tagged Technique:
[full event reconstruction at Y(4S)] Q350 times more luminosity
e'e” - DD X, where X = 7%, 7°, K* 5 times fewer signal events

Fully reconstruct the Dt(:g) Xr,,

’ Oo(g?) a factor of 2 larger
then the 4-momentum of the Dsol.g 1s known

O S/N 10 times smaller

. Cabibbo suppressed ~56,000 tagged DO Cabibbo favored
o 50 ;" 500 o .
§ wh DO — mety w0 £ DO — Kety [4 J&] remaining signal
g ® 126212 events 0 F 1318437 fake-D° bkg
20 3 | " 200 E eyents y
0 il }I{;H} ﬂh‘ﬁ 100
E e lis ds g s b g —_— . B T B o
° 4 05 0 0.5 1 25 05 0 0.5 1
S as | g
Y 0 [ 0 1o
g 3 ¢ DY — muty ao0 | D° — Kutv M hadronic|bkg
s 2| 106412 events soo [ 1249+37 B kv bkg
2 _ | {H 200 - events E K*/plv bkg
15 _ + , h{‘HJII'H}“I}hW 100 | | J
-1 -0.5 ) 0.5 1 s ) 0.5 1
. 2 _ 2 2
PhysRev.ettor:061804200e) M _. 2=FE . 2—p_ .2 (GeV)
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[l okewatBagar

QUntagged Technique: Neutrino 4- PRD 76, 052005 (2007)

momentum is estimated from the other 20000 W
L]

particles in the event.

- e Data .
= MC

8 £ Signal —
» M Peaking cC bkg

8 Non-peaking ¢t bkg
9 v

&8 BB bkg i

Q The DO originates from D™* —DOmr* 15000

ONormalized to PDG06 B(D° — K1)
(dominated by CLEO-c measurement,
see Jonas Rademacker talk on Sunday)

10000

Events / 2 MeV/c’

e,
0.0,
5
S

Compared to CLEO-c (818 pb™' tagged): 2000

%

7

~74,000
signal events

7

TR
%

2505

.
5
o

<

(1100 times more luminosity
5 times more signal events 0

T

0.15 0.2 0.25 0.3

_ 0__+\ __ 0
Qo(q2) a factor of 20 larger S(m)=m(D°z")—m(D")

Measurements for D™ modes
d S/N 40 times smaller have not been made at B factories!

Method less suitable for Cabibbo suppressed decays

05/29/2009 Charm Semileptonic Decays Bo Xin 12



Semileptonic Decay Form Factors

QdForm factors relate to the probability of forming final state at given g2 .

UTheoretical predictions for form factors are needed to turn the
measured rates into |V, | determinations.

dTheory often calculates this probability at fixed g2 and uses
parameterizations to extrapolate to full g2 range.

UTheoretical approaches include phenomenological models, QCD sum
rules, and LQCD.

ULQCD is systematically improvable and aims for several percent
precision.

LAssuming zero lepton mass:

h — pseudoscalar: H* = Jf+ (_ﬁf)( PD + Pﬂ )

h — vector:
j!’é ”Vﬂﬁ * .-'/f.-- --;\'-. -c/-- ---é\‘- ) .l;
H* = ¢, PPV (q*)— (my, +m,)e A (g ) +———(P, +P, >“A (o;f )
mp +m, N S S my+my B

Simplicity favors pseudoscalar decay modes.
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Form Factor Parameterizations

Juspuadapul

SElA
A

In general: £

RPOV\I

LO 1 e (L),

L(q7)= ) (1—q2/m2 ) ; (mD+mp)2t—q2—i8

/‘
Single pole NIV C)

f.(q”) (l—qz/m;oze) Measure f,(0) & m,,
Modified Pole f (qz) _ /.(0) Measure f,(0) & a
_ + (l_qz/mz )(l_aqz/mz ) —
- pole pole mpole = m( (S))

(Allows for additional poles)

Series Expansion | )
__ form factors can be written as: f, (q°) = Zak (fo)[Z(qzafo)]k

2 2
accounts for D; pole — P (q )¢,(Z ) k=0

ensure a,'s good behaviour
2 K
NL g =L ;

2 o )
(MD tm, ”) , to:arbitrary q° value

= .
VI~ q2 +4J1. — 1, that maps to z=0

Z(qzato)

z is small and converges quickly, linear or quadratic is sufficient to describe the data

Becher & Hill, Phys. Lett. B 633, 61 (2006)

Measure a,, r, = a,/a,, and r,=a,/a,

05/29/2009 Charm Semileptonic Decays Bo Xin 14



dI'/dg® (ns'GeV—+c?)

O | DoK/metv : Fits to the dI/dg? Distributions

3070109-009

1 Fit to Becher-Hill Series

D> n-e'v, D= K-e'v,
4 | T 2) =
‘ 2 par (a, a) fi(a) P(
3 X -+
2 | / X T —40
} ]
N 3 par (ag a; ay) i 120
0 . I . - i . I . . I ~0
D"—zf:n:"‘e"wE T ]
2 _BU
.5 | {60
1+ 340
.51 20
ol . o
0 1 2

92 (GeVa/c?)

T

Experimentally measured

decay rates 7

1 )
W Z ,0
q2)¢(q2,0)[zk:a “ )}

Other form factor
parameterizations
exist, but are only
used as functional
forms as their
physical pictures are
not supported by the
data

Simultaneous fits to isospin
conjugate modes are also
performed

Theoretically predicted decay rates

[\

redicte |
ppretest = [dr = — O oy j|f<q>| prdg

05/29/2009 Charm Semileptonic Decays
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PDG (2004) —— PDG (2004) —_——
BES Il H———H BES I " =
LGCD (FNAL-WILC-HPQCD) LQCD (FNAL-MILC-HPQCD)  +—+e———
1QCD (Adaba) LQCD (Adaba) ——
QCD SR (Ball) ——s—
QCD SR (Ball) +—e—
LCSR (KRWWY)
LCSR (KRWWY) » .
LCSR (WWZ)
LCSR (WWZ) ; -
CLEO- (1ag, 56 pb”) o
Belle (tag, 282 b} e CLEO-c (tag. 56 pb’) e
BABAR (no tag, 75 fb™ ol Belle (tag, 282 1b”) Wt
CLEO-c (1ag + no tag, 281 pb™) e CLEO-c {tag + no tag, 281 pb) Mo
m CLEO-c (lag, 818 pb™) ol m CLEO-c (tag, 818 pb™) L
1 1 1 I 1 1 1 I 1 1 | 1 1 1 I 1 1

g 2 a | g
B(D’ - K e'v) x107

curocsisro) MBS

(CLEO-c 818 pb™)
Precision measurements from BABAR/Belle/CLEO-c.
CLEO-c most precise. Theoretical precision lags experiment.

2
- +

0.288(8)(3)%

B(D’ - 7 e*v) x10

|
4
-3

(CLEO-c 818 pb™')
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Shape: o(Kev)

Form factor measures probability hadron will be formed
172 FOCUS (Param) e
. Al (D — K(zn)ey) .
Vcs(cd) f+ (q )N qu /PK(,,),- CLEO Ill H— et
i Belle (2008) PR
25
B 1 o bands BABAR (2007) o
i _ (stat and syst) by
2| - D= K e*v, FNAL-MILC-HPQCD maee
i . D+ . Eﬂ ety CLEO-c (281 pb ' tag) —e—1
15 L a \L i CLEO-c (281 pb™' no tag) +—e— o, =0.39(2)
ﬁ; . | NEW CLEO-c (818 pb™) tag e my average
::; i T [ TN TR AN RO RO TR NN S S W 1 |(F1ttOCLEO’
1 ] . '0'.2 12 0{0'2 04 Belle & BaBar)
3 - Normalization: f." (0) %"
Sy Assuming |V |= 0.97334£0.00023 LOCD (Abada) ——
K fast (CKM unitarity) e rest QcCD SR (Ball)
ul!l 0.5 1 1.5 é LCSR (KRWWY)
(GeV?) LCSR (WWZ)
Modified pole model used to compare with LQCD  |ouark moae y
5 f (O) LOCD (FHMAL-MILC-HPQCD) -
IRUDE - e
2 2 2 2 (282 b e
(1 —q /mvole ) (1 —aq /mpole ) BaBar (75 fb) (B1A§AR Z:a ur;s )
relativeto D" + K 7z*
a . CLEO-c prefers smaller value for shape parameter CLEOw (tag + no tag, 281 pb-) et
than other experiments cLEC=< (818 pb) [fg o
f, (0): experiments (1.2%) consistent with LQCD (10%) L |
) _ 0.4 06 0.8
CLEO-c is most precise. Theoretical precision lags. <(0)
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Form factor measures probability hadron will be formed shape: a(rev)
1/2 CLEO I L
AT .(D — K(7)ev)
VCS(Cd) f+ (qz) o qu /Plg(ﬂ')i Belle (2006) — e
3 1 ! | T T : T LQcD o
- - CLEO-c (281 pb ' tag) —el
28— —
E o Dﬂ — T et “"E E CLEO-c (281 pb™ no tag) —e—t
2 :_ " D+ — ﬂu E+ 1"'Ilnzz . \ _: NEW CLEO-c (818 pb™) |lAZ —e Ay = 0'22(4)
N i my average
a i
-Er{lﬁ — AR R R TR NN SRR TR TR N NN SR N N (Flt to CLEO
- L 1 o bands -1 0.5 0 & Belle)
o 0 ey Clc
i Sﬁﬁﬁfﬁg%w Normalization: £” (0)
LOCD (Abada) —e—
05| Assuming |V, |= 0.2256+0.0010 i
7 fast (CKM unitarity) QCD SR (Balb e
C L I & at. lick LCSR (KRWWY) ——.—
L B — P B
qE{GE?E} LCSR (WWZ) -
Modified pole model used to compare with LQCD | SuarkMeas! .
f (O) LQCD (FNAL-MILC-HPQCD) -
2y = = B .
ﬁr(q )— (1_ 2/ 5 )(l_a 2/ 5 ) Belle (282 fb™)
q m pole q m pole CLEO-c (tag + no tag. 281 pb™) FE
a . CLEO-c measurements are compatible with LQCD CLEO-c (818 pb) [fgg e
f, (0): experiments (2.9%) consistent with LQCD (10%). P N R S
. . . . . (o] 02 0.4 0.6 0.8
CLEO-c is most precise. Theoretical precision lags. 1%(0)
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|Vcs I and IVcd I Results

The data determine |V, |f-.(0). PDGT (Kev) * ————

To extract |V )|, we combine the measured |V ,|f.(0) | LePw-—cs

values using the Becher-Hill parameterization with
(FNAL-MILC-HPQCD) for f.(0)

EEE"T{KE%’:I b ———

CLEO- (tag + no tag, 281 pb') —=—
CLEO-c: the most precise direct determination

CLEO- (tag, 818 pb’) — -
of Ves|  a([V.])/|V..| ~1.1%(expt) ©10%(theory) m
CLEO —c¢ V| E— .
(818 pb™')  0.985+0.009+0.006+0.103 Ve * PDG2002
stat syst  theory
CLEO-c: o(|V|)/|V.|~3.1%(expt) ®10%(theory) ~ |PoeHF VN —

vN remains most precise determination
|CLEO-c (tag + no tag, 281 pb") —————

CLEO -c [ Ved | :
CLEO-c (tag, 818 pb")

(818 pb™") 0.234+£0.007£0.002£0.025
stat syst  theory

I[I.1 — 0.15 — I[I.E — [I25I
v_|
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Interest: 1st measurement of FF in Cabibbo
suppressed charm P> V decays +

dT'(B — pev)/ dq’

dT(B — K *07)/ dg*

Events / ( 0.00833

CBall_sigma = 0.0101+ 0.0010
CBall_yield= 173+ 15
gauss_yield = 29.8 £ 8.2

281pb

all_mean =-0.001147 = 0.0D1F

40ply2_yield = 57 + 12

30—

) candidates U Emzss —C | szss

3all_mean = 0,0003 =0,0018

BT 005 -0 0080 04502 025

U=E —C | Pmiss |

|Vub| Need D — K ev,

2
v, D— pev FF
candidates Grinstein & Pirjol [hep-ph/0404250]

JIN wodj sjrel eubis pue adeys punoibyoeq paxi4

Events / 0.188 (GeV’)
Events / 0.25

g
—

&
—

201

_______________

-

........

60

-
o

Events / 0.25
Events / 45

Ay
o
— T

0

0
cos ¥,

360

Line is projection for fitted R,, R,

B(D? — pe*v)= (1.56+0.1620.09)x103

B(D* — pYe*v)= (2.32+0.20+0.12) x103

Isospin average:

(D% — pe*v) = (0.41+0.03+0.02)x102 ps-"
Simultaneous fit to D* — p%v, D% — pev

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

PRELIMINARY

Update to full data set soon

miss

05/29/2009 Charm Semileptonic Decays
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& 3 Obsernvations of New' D Semileptonic [Viodes

Phys.Rev.Lett.99:191801(2007)

D121007-00
| D* = n0meve | D® — p~etve O
[Preliminary] =
10 327467 | * 131+13 | ¢ E
i 1 2 & . 10 signal 40 significance 3
8 3 = candidates on 3
B It Q3 ~ 2 background =
L 15 . -
6 4 =4 3
r f'l_:'! 2 l —
N 10 & =
4L >, =
B L — -
- 4 s o |_| . S e i - =
2 ] 0,1 =008 =006 =004 =002 i} 002 004 008 0,08 o1
i e IR MM2 (GeV/ec2)2
- : . . . o i C i1 005 -0 005 O 015 02 025
0,2 0,1 . 0.2
183007006
| D+ — n(mtmn)et v, I | D* — wetve I Do —+ K7 (1270)e* ve I L T E
- 13.3+ 4.0 _ [Preliminary] m— 8 siglnal | 3
- . : ‘ 37.34+6.7 1 3 || consistent W|th_§
F 8 o F KI(IZ?D) =
- r 2 1 F - K- mtn~ 3
s THIT s S .5 i i|| on ~ 1 background;
: | I\ - e b H E
- | a— 2 C =
2 - C 208 | =
1 :— 4 .)z - |||u b 1 2: lﬂﬁ 0E "LI _;
: ) il 04 | E
T | =--E=.".'.':}II:T: -|"r-:-|\:\-:=r_-\'_|"1' | T _8 "1 L3 'I‘I‘_El‘l 005 01 X 2 ¥ N ] i_ E
0.2 0.1 0 0.1 0.2 02 il B
ok .J-||—|-|F|-_--—— -|—.r-r'*:r=n-g.-‘|—. =

U = Emiss — |Pmiss| (GeV) U = Emiss — |Pmiss| (GeV) 0.8 1,0 1.2 14 1.6

M. (GeVic?)
Phys.Rev.Lett.102:081801(2009) Expect more modes soon
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O 33 Analysis Technigue at 4170 MeV (tagged)

 Candidate events are selected by reconstructing

+ o~ *
a D, in several hadronic modes ﬂsga.
D -
: : : 9 4170MeV
 The tag is then combined with a well reconstructed v, \
The missing mass squared against the y-tag pair > > \ =
( D ([ag) ) (pCM pD (tag) py) D:+\>
3 800¢F - 3 DUV - —— / Y
400 | E i
600% N 300 ¢ . . D,
—~ ?gg preliminary
> R 9 D, tag modes:
‘55 N 20 b N(tag)=70514+963
S 115000 o N(tag+y)=43859+936
P | 1000 = reconstructed from
S 3% ~5.5 x 10° D;" D, events
u a1 1000 | e
=1 800
1 600¢
1 400§
: { 200}
35 87 89 41 35 37 39 41 35 87 38 41
MM*2 (GeV?)
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O No other significant D, semileptonic
branching fraction is expected.

O Total width of these exclusive modes
is 16% lower than the D%/D*
semileptonic widths.

0 Shed light on n-n’-glueball mixing

O Direct observation of a semileptonic
decay including a scalar meson in the

final state.

Signal Mode B(%)

poster by Koloina

Randrianarivony

B(D; — f,(980)e"v)
XB(fy, > n'7")

> D — foet,

2.29 +(0.37 +0.11
248 +0.29 +0.13
Df —nety,  09140.33+0.05
Df — K% "y, 0.37+0.10 £0.02
D — K%y, 0.184+0.07 £0.01
0.13 + 0.04 £ 0.01

D} — oet,
+ +
DT —ne'u,

MM?* =(E.,, —E

Events/ 0.010 GeV?

D (tag)

_E)/ _Ee _Ewhaa’)2

— = = = N2
_(_pDS(tag) _py — P, _phad) >

20

in the CM system [ 3ivi0603:0601

1 I
D —dewv

Wiy

. 15}

4 10F

D — ne'v

0 nonhl et ho.n 0 115
D;—yn'e'v
6 | 3F
4 i ¢ of
2F 1
ol _d :
D! — Kfe'v 10
6l
gl
Ty il
4L
27 ’-|_|-E 7 oL
0 Al BA _

-0.25 -0.125 0.00 0.125 0.25 -0.25 -0,125 0.00 0,125 0.25
MM? (GeV?)
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I

dHigher mass of the spectator s-quark
— LQCD calculates the form factor more
accurately

dSame method as the BaBar D%—K-e*v
analysis, except that no D* is used

dNormalized to CLEO-c B(D,*—K*K-11%)
(see Jonas Rademacker talk on Sunday)

:I TrT I Trrorr [ Trrr '| TrrT I rrrrT I Trrr '[ TrorT [ Trrr 1 TTrrr I T I:

8000;— & s —
7000 £ signal =

;;3, 6000 F- M g5 E
2 5000 = M cT =
= 4000 E- M uds =
~ = -
L 3000 & ~25,000 =
- s 3
= 2000 : =
m - signal events £
1000 E- ‘ 3

E . ~Tefsstasdas =

1.01 1.02 1.03 1.04 1.05
2
m., (GeV/cT)

098 099 |

1.06

PRD 78, 051101(R) (2008)

1.07 1.08

D./—>K"'Ke*v at BaBar

= data
T [ fitted signal
Ly =5
* T

Entries/0.1 GeV?
Entries/().1

0 02 04 06 08 1
q2 (GeV?)

Entries/0.1
Entries/0.32

OB(D ,*—®ev)=(2.61+£0.03+0.08+0.15)x102
A small S-wave contribution, possibly f, > K"K :
(0.22"012 £0.03)% of the K*K e*v, decay rate.

[ 7, 1s 40 higher than quenched QCD (hep-1at/0109035)

and 2o higher than 7, from D" — K e*v, (PDG2008)
Dominated by FOCUS
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D,*—>f,(980)e*v

D, semileptonic decays provide a very e+
clean environment to study the N
properties of the f,(980) meson D {

' }orfo

poster by Liming Zhang

It is suggested that B.— J/Wf, can be
an alternative to B— J/Y® to
measure CP Violation in the B

system Stone & Zhang [PRD79, 074024] %11: : 1z "
NEW § 10 — g 22

Many interesting results: = PRELIMINARY % : :gzo
LDy > f,(980)e™v, fy > 7' )| _ @2 E11% ) _ 12
L(D7 > ¢ev,p > K'K™) |, 2 48 st

Predicted to equal — 50 e
I'B,>J/¥Yd,pg >K'K")

T(B, — J | ¥f,(980), f, _>7[+,[—)} 0607 0B 08 1 11 12 15 14 15 16 08 1 102 104 106 108
(a) T ey T

foe'v form factor fit | "°°f

120[

B(D! — f,(980)e*v, f, - 777 )=(0.20£0.03+0.01)%
B(D; — ¢e'v) =(2.36+0.23£0.13)%

25

g0 |-

40 _ ¢e’v form factor fit

Efficency Corrected Events /0.2 (GeVz)

M, o5 = (9777 £1) MeV, T 550, = (91739 £3) MeV

Slm le Ole mOdelM — 17+45 i02 GeV 0 IH IO.25 - ‘0.56 - IO.Té I ‘1.00 0 0.25 0.50 0.75 1.00
p p p ( -0.7 ) q2 (Gevz) q2 (Gevz)
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Summary and Prospects

Q
Q
Q

Charm semileptonic decays are an excellent test ground of LQCD.
LQCD has been making great progress (talk by Christine Davies later today)

Experimental precision in charm semileptonic decays has been greatly improved, thanks to
contributions from CLEO-c, BaBar, Belle, and FOCUS.

O Observations of new semileptonic modes in both D and D, decays.
0 More precise determinations of branching fractions for existing modes.
Q D-> Ke*v, D> me*vform factors in general agreement with LQCD.
O Form factors in many modes have been studied, including D, semileptonic modes.
O Best direct measurement of |V |, measured to £1.1%(experimental) £ 10%(theory).
d |V is measured to £3.1%(experimental) £ 10%(theory).

Theoretical precision lags. In particular,

L CLEO-c measures form factor normalizations for D> Ke*v, D> me*vto 1% and 3%,
respectively, while LQCD predicts them at 10% level.
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Summary and Prospects

Q
Q
Q

Charm semileptonic decays are an excellent test ground of LQCD.
LQCD has been making great progress (talk by Christine Davies later today)

Experimental precision in charm semileptonic decays has been greatly improved, thanks to
contributions from CLEO-c, BaBar, Belle, and FOCUS.

O Observations of new semileptonic modes in both D and D, decays.
0 More precise determinations of branching fractions for existing modes.
Q D-> Ke*v, D> me*vform factors in general agreement with LQCD.
O Form factors in many modes have been studied, including D, semileptonic modes.
O Best direct measurement of |V |, measured to £1.1%(experimental) £ 10%(theory).
d |V is measured to £3.1%(experimental) £ 10%(theory).

Theoretical precision lags. In particular,

L CLEO-c measures form factor normalizations for D> Ke*v, D> me*vto 1% and 3%,
respectively, while LQCD predicts them at 10% level.

Future prospects:
O More exciting results from the above mentioned experiments are yet to come.
Novel event reconstructions are being tried.
Many results are in the process of being updated using larger data sets.
Larger data sets enable some measurements previously impossible
O We are eagerly awaiting more precise LQCD calculations of semileptonic form factors
O Next big player: BESIII (talk by Roy Briere this afternoon)
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® Data = = = Simple Pole Modified Pole = nm sSeries(2) — Series(3)

D° —» wetv, + D°> Ke*v, -
1.2 T 11.2

-k
T
3
—..-H—
———
B —
;
:
;
: Ao
: a
¥
ﬁ
r
14
——
H
-
=
H—

0.8

o
(4]

T I T T T
|
|

| ‘ e 'E; + == L _;
=3 T e ._."'"l""' T “:*“ * --*--\ + SN Pk i ]

0.8 - —10.8

-k
N
T I T

ATIA FSEI’iES(S)

When the shape parameters are not fixed, each parameterization is able to
describe the data with a comparable > probability.
As data do not support the physical basis for the pole & modified pole models,

the model independent Becher-Hill series parameterization is used for |V,].
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Inclusive b— X e v

[ Phys. Rev. Lett. 97, 251801 (2006) ]

UFit observed Lab frame 1630406012
momentum spectra (dI'/dp, ) with _ AD*
a shape derived from MC. ) 0D
® 03} — DHit
UFSR effects are included. 98_ — Dit
LUse fit results to correct for f‘a‘
p<200MeV /c production ;"é' 0.21
/]\
E‘__ i
dThe lightest PS & V resonances AP 01F
saturate the semileptonic width. Any cle /|~ 8% extrapolation
additional exclusive modes will have ol _
small branching ratios. 0 0z o7 o6 o8 1
p, (GeV)
Mode Branching Fraction

The DY%D* spectra have same shape

DY — Xetve | (6.46+0.17+0.13)%

Sum of Bs (DY) || (6.1 £0.2+0.2)% _ L . .
DT > Xetve | (16.13+0.20£0.33)% QConsistent with isospin invariance

S f Bs (DT 15.1 £ 0.5 £0.5)%
EUCEETCIN N ) /TS = 0,985 = 0.028 = 0.015
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D — pev: Kinematic Variables

 Five kinematic variables
describe the decay rate (plot):

qg°,cosé,,cosb._, ¥, m(nrx)

J The decay rate we make a fit to:

v
\

dl’ 3G

dg?d cos 0,d cos O.dx = B(¢’ _}ﬂ-ﬂ-)S[d ]4| CHPPﬂp/;E
{(1 + cos 6,)% sin? 0| H , (¢°)|*
+(1 — cos@.)?sin? 6,.|H_(¢*)|*
+4 sin? #, cos? 0, Ho(q*)|*
+4sin 0.(1 + cos 0,) sim 0, cos O, cos x|H ;. (¢%) Hy(¢?)
—45inf.(1 — cos 8,.) 4in 8, cos 8, cos Y\H_(¢°) Ho(q")

enters through|H,, H_ and HU: |
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D — peyv: Form Factor Ratios R, and R,

- The helicity amplitudes are given by

. : M P .
H,(g>,m_)=(M,+ m}r}r L B
E £ M,+m_
v ] ) 2 2 M ; PE 7
Hﬂ{quﬂ'”lmr) 7 ."_'T] ':\J'WE} —Mg,—dq JUWD i me., 4 — AE(\"?H)
2 m.. N'I q g M D T m..

J Form factors are parameterized using the simple pole model (ie.,
vector dominance):

A, (0) 5 V(0)
Aﬂ,( 2}: 102} e V{{'—}: -
R AR R
< We make a 4D fit to the decay rate for form factor ratios R, and R,

_A0)

) =
A (0)
- We make a fit (Fit B) described in Nucl. Instr. and Meth. A328, 547

(1993): a multidimensional fit to variables modified by experimental acceptance

and resolution taking into account correlations among them
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D — peyv: Form Eactor Results

*Two isospin conjugate modes _
D+ — plevand DY - pevwere fit simultaneously. CLE_O"_:
—— o Preliminary
_of W i * Jr ~300 events
%‘w:—* } § 3 + R, =1.40%0.25
= ' ~ .l . — ] _
o a [ i R,=057+0.19
B | m:' + ( first measurement in
o R T R e S Cabibbo suppressed
mn q’ E;VE} - B o cug'ﬂ,l o ' mOdE )
: { ® Not much different from
o &F } y Cabibbo favored
S | M N D — K*uv form factor ratios
:‘ w0 * 18 (FOCUS)
é f 1% of R, =1.50+0.07
o S R, =0.88+0.08
e clr — I ' u;u T
cos &, X
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