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Charm (aka Weak Interaction) Physics

Study of semileptonic charm decays /

is an excellent environment to provide Vud
validation and calibration for theory, 14 _

especially Lattice QCD (LQCD), CKM ~— @ @
so 1t can be applied with confidence

to B physics (V). \ th V

Measuring form factors in semileptonic decays
provide very stringent constraints on LQCD

A validated theory can be used in precision measurements of V_and V_

This talk: Form factors analyses of D/D" - K/mte'v, D" - ne’v
Exclusive semileptonic D; decays

Inclusive semileptonic D, D, DS+ decays
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Semileptonic Decays

W'(q%)

(S)

q

Branching fraction for pseudoscalar-to-pseudoscalar decays

dI’ G- . .
dg? — 2473 Ph 1f+(@)F [Ves(a)”

Need to understand f+(q2) to precisely measure V_ o
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CLEOQO-c Detector

2230104-002

CLEO-c

SC Quadrupole
Pylon

SC

Quadrupoles

Rare Earth
Quadrupole
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4/ Iron

Polepiece

Solenoid Coil Barrel

Calorimeter
Ring Imaging Cherenkov

Covered 93% of solid angle
Operated within 1.0 T B-field

Detector

Barrel Muon
Chambers

orit Tracking: Gp/ p=0.6% @ 1GeV

Chamber

Inner Drift Chamber /
Beampipe .
Shower Calorimetry:

0. /E=5(22)%@0.1 (1) GeV

Charged PID (dE/dx + RICH):

Endcap

Calorimeter Good K/11 separation

for p <2.5 GeV

Muon Chamber not very useful:
p. =1GeV,

min

£~90% @ p > 1.5 GeV
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Open Charm Samples

4.2r ——E_,, = 4170 MeV o
' LD 1(3770): 281 pb? (2003-05)
- - +537 pb” (2006-07)
':_ 818 pb'1
*E a6l wm . D_Scan: 60 pb™ (2005)
s | e [12 pts; E_, =3.97 - 4.26 GeV]
z 2.4 =0
= - x (1P)
3_2:_ E., =417 GeV: 16 pb"' (from scan)
: — 298 pb! (2005-06)
<] — +288 pb™' (2007-08)
: (1) 602 pb"
2.8
JPC = 0 -+ 7-- 7+- 0715,
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D Tagging

“MARK III Method”
Fully reconstruct hadronic D decay on one side (tag), reconstruct other side
and look for neutrino in missing massory = =E _ -[P |

)

Allows you to determine absolute branching fractions: BE=N_ /(¢ N
e'e - P(3770) -~ D°D°

tags
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Events / (1 MeV/c?)

Tagging for D —» K/1te™ Vv

3070109001

100 |
100 |

10° |
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107 |
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107 |
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10° L
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Mpc = \/ E}fﬂﬂl
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PRD 80, 032005 (2009)

Full P(3770) sample

Mode-dependent cuts on
AE = Etag -E

beam

3 D tag modes
N ~662,000

tags

6 D" tag modes
N ~481,000

tags

Includes charge
conjugate modes



Signal Yields for D - K/mte™ v

Find e and hadron, look at missing energy-momentum difference

SASEASRESE s it S000 IOF0109-005 4000
D’ - Ke'v : 1 D' 5 K'e'V Jsoco
B “LO0O0 B i
N = 14123 + 121 : N = 8467 + 94 =500
— 3000 N ] 2000
| 5000 - 1500
— 11000
B —=-|+ 1000 B __ oo
r:l:r O.1 o.2 © J o) O.1 0.2 ©
600 50
B 4+_|—t DO — Tlre+V ;500 ]D+ N 1-[06+V |
N=1374 + 39" N = 838 + 33 —_200
— J ao0
| DO - K T[Jr T[O__ =00 150
| 500 100
— * 100 50
o lw I | o = o o - O.1 oo s
U (GeV)

ol == E-rn.z'.ss — C{ P?n.-'.is.s
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Branching Fractions of D° — K7/t ¢* v

PDG (2004) —— PDG (2004) ——
BES I H————H BES Il . .
LQCD (Adaba) R LQCD (Adaba) ——t
QCD SR (Ball) ttey QCD SR (Bal)
LCSA (KA LCSR (KRWWY) ; -
LCSR (WWZ) | .
( LCSR (WWZ) | .
CLEQ- (tag, 56 pb™) ot CLEo "
—a—
Belle (tag, 282 fb™) b (tag, 56 p
BABAR (no tag, 75 b - Belle (lag, 282 tb™) ilimbl
CLEO-c (tag + no lag, 281 pb™) CLEO- (ag + no lag, 281 pb”)
CLEO-c (tag, 818 pb™) ” CLEO-c (tag, 818 pb) o
| | | | | i i | i ] i | i ] i | ] ] | i
0 2 4 0 2 4
- ¥ - -3
B(ID’ — K e*v) (x 10?) B(D' - 7 e*v) (x 107)
(3.50 £ 0.03 + 0.04)% (2.88 £ 0.08 + 0.03)x10°

Most precise measurements of branching fractions
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D - K/mte v Form Factors

Form factor is an analytic function which satisfies the dispersion relation

: +(0)/(1 — « E Imf, (¢
fog) = £ 0/0—a) 1 £(0)
1 — r’]‘/J[’ ?S] T J(mp+mp)2 T — g —%E
Simple mode model Modified mode model
2y _ J+(0) 2\ _ f+(0)
@) =7z 2/ M2) ) =1 ¢ [M310) (1 — aq? /M, )
Fit for f (0)and M FixM . fit for £ (0) and a

M =D (D) forD—K(meVv

pole

Series Expansion Model (Becher-Hill)

B ag = i i
+(@) = BiaeEte (1 & ;a'k(f{])/“(qg'fﬂ) )

Map q” in complex z-space, poles are along real axis, fit for a
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Form Factor Fits

30707109-009

D? — K-e'v,

a |
. - k=0,1 ]
i = o A -+ — 60
2 - / K T J40
N ¥
Pl k=012 I 1o
S :
'L} 0 1 I I I I - 0
N‘E’ D — n? et v, ]
-
—
O 1.5}
Tk
0.5 |
0 .
0 1 2
@ (GeVz/c)
Fit to _ 00
] 2 Clp
Becher-Hill f+(q7) = e 1+ Z ax(to)z
: P(q?)o(q?, to)
Series - k=1
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9 q° bins forK e' v

7 q° bins for Tte" v
Yields determined
from fits of

q° binned
U distributions
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Model Comparison

Simple Pole [GeV/c?]

e V: m = 1.91(2)(1)
M(D*) = 2.0103(2)
Kev: m o= 1.93(2)(1)

M(D_*) = 2.1123(5)

Modified pole
Assumes MP= 1+ 1/B-0=

m3, — m% df (q?)
f+(0) =0

e v: MP = 0.93(9)(1)
K e v: MP=0.89(4)(1)

—

9

dg?

Assumptions made by simple
and modified pole models

are not valid
October 13, 2009
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Comparison to LQCD

LQCD:FNAL- MILC-HPQCD [PRL 94, 011601 (2005), PRD 80, 034026 (2009)]

LOCD (A bada) [ S—

QCcD SR (Ball) |

LCSR {(KRWWY)

LCSR (WW2Z)

Cuark Model

£(q"=0)
Uncertainties

i Balle (282 fb™) —tet—
o ) . ] BaBar {75 b - LQCD — 10%
nsf—- LQCD prediction with modified pole model- CLEO-c (tag + no tag. 281 pb) -
-1 0 bands are LQCD stat +syst 1 [ "
O 0.5 1 1.5 2 — o.|4 - o.ls — ol.a
P(GeVT) 15(0)
3 C coo C ——
LQCD (Abada) — e
25— \ . QcD SR (Ball) I —
g = Df — T et \-’E g LCSR (KRWWY) —— f T[(q2 e 0)
21— - D — 'JTD e' Ve —] LCSR (WWZ) ' - + . .
- 1 | cusrcmoas: . Uncertainties
1.5 —]
a ] LOCD (FNAL-MILC-HP QCD) - eXpt — 2.9%
1 Bolle (282 fb™) et . o
7 CLEC-c (tag + no tag, 281 pb™) = 2 LQCD T 10 A)
] —: CLEO-c (818 pb™) e
I:II:I- ‘II .EI _EI cl.'a — Io.lz I Io.|4l " os Io.la

F(GeV?) 13(0)
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D - K/mte' v Results

PRD 80, 032005 (2009)

With 818 pb™ Y(3770) data, CLEO has measured
£7(0) [V_| =0.150 + 0.004 (stat) £ 0.001 (syst)

f*(0) [V_|=0.719 £ 0.006 (stat) £ 0.005 (syst)

using the series parameterization form factor model with three parameters

Using LQCD:  £7(0) = 0.64(3)(6) £ *(0) = 0.73(3)(7)
'V_|=0.234£0.007 £ 0.002 * 0.025

[V _[=0.985%£0.009 £ 0.006 £ 0.103

stat syst LQCD
PDG: [V_[|=0.230+ 0.011 (neutrino beam)

V. |= 1.04£0.06 (D - u,T"v;D - KI{V)

Most precise measurements of |V_[ & [V_| using semileptonic decays
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Alternative technique:
General Reconstruction (GR)

Reconstruct signal mode
(e.g.,nande")

Look for 1T; K*; K;
', N — YYin other side D

Infer neutrino from all
observed particles in event,

results normalized to K’ 1TTT

Byproduct: Observed 28
other side D" hadronic decays
(13 not reported in PDQG),

Tagged: 6 D" hadronic decays

October 13, 2009
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- all modes 1120
200 # 100
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Full Y(3770) sample

PRELIMINARY

[
=]

P
=]

—
=
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=1 E

gg 0

18 1.81 1.82 183 1.84 1.8 1.86 1.87 1.88 1.89

Signal M_ (GeV/c?)
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PRELIMINARY

8- 0 0.5 1 15
- q? (GeViic?)

C 0.8
25— _
205_ Tagged A r] - yy : 4 * Tagged
N “. 0T = GR
1 5; l;'l ! ;g [ '+ _________ — Average
S 10 } J | } } } ! L i S
o s [ [ —
AL e
S \'H W L + Form factor: E— +| .............
= 10 ] Ser1es with 2 parameters
2t n » T T T° 0 S N B
o
>
i

i First form factor measurement of D™ - e’ v

B(D" - ne"'v)=(11.4+09=+0.4)x10"
..... | — [average of both methods]

02 04 0 041 02
Epves - €| (GeV) Full @(3770) sample
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PRELIMINARY Dominant modes

Full Y(3770) sample o 4 3

GR: B(D" = n'e*v) 3 3

=(2.16 £ 0.53 £ 0.05+ 0.05)x10™ : + 3

stat syst Krot i Jf ;

Tagged: 5 observed events with s NI e
0.04 + 0.03 background events g % T 14 ;
[1 5.6 statistical significance E ”; J 154 ]
First observation of D" - n'e’v N wm L B e, | ST B _
1:55_ n'—=alnty,, :25— n'=y 3
Tagged: B(D® - @e"v)<0.9x10* 3; 05 ;
(90% CL) ’ IR 7 R B BN R R A K '1'_.:39“:"1.&' To1 182 1.aé':!1'.§;4 1;|Tﬁlﬁ_ 187 188 if:sg
Signal M__ (GeV/c?)
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& (nb)

Scanning for Optimal D_ Production

E., =4170 MeV

* o0 -D*D

D:D;

vD*D*

-+T|

0.2f— T
: . !
01 ¢
:l | [ | !l | | | | | |E| 1 | | f I [ | + | * | [ | ‘ | | | ? | |1 |
99 305 405 41 415 42 425 43
E.m (GeV)
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Fall 2005:
=397-4.26 GeV

to find optlmal D production

Scanned E

Optimal E. =4170 MeV
CM
Almost all D_ from ee o D D*

o(e’e - D, D *)=0.9nb
o(W(3770) » DD’ + D'D’) = 6.4 nb

CLEO: PRD 80, 072001 (2009)
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Events / ( 0.01 GeV?)
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1400 |
3 250
1000 F
. 150
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200 F 50 e
140 [P oo
100 [ 1 :
| 1 1500}
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20 F"-. ] EDDi
290 TR R :_E 1400 _HH HHHH
180 | ; i
- 1 1000}
140 F e r
100 F 600 | W

20"
3.5

60 § ARAT

200
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3.9
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EEREETRTINNTRE ATRTI FRENE AT
3.5 37 38 441
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350 ETTTTTTTTT T
250 E
150 [

50 E

1 1200 L
800 |
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i 1000 -_HH_II.'IHH HHHHHHH

600 |

200 |

3.5

MM** = (Ecy — Eps — E))* — (Pcu — B Il-,-}z
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300 pb” @ 4170 MeV

(half of full sample)

Mode D% ++ Tags  Bkgd
K K 7 8245 +£245 13970
KK~ 1749+ 146 1555
K+K-7—70  2013+280 24085
KYK*tn 7 841 4+ 87 2440
A 2439 + 558 16619
nm 1241 +123 3936
np~ 2168 + 268 18450
n'(rrr )T 907 £ 109 1036
7 ()~ 1817 +212 12061
Sum 22320 + 792 95052

Tags determined from
2-D binned maximum

likelihood fit of

tag D_ invariant mass

and MM™ (uses D_ +)
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Exclusive D_ decays

425 'I 1 UB—UU."&

PRD 80, 052007 (2009) CFoev 1 TFne~w L
i5 | B - | caled MC ]
-1 - ] -
300 pb” @ 4170 MeV ol 1 1of L i
(half of full sample) ot i L I IL
Mode Ig(D; — X) (['/EJ 0 L !'I..LI A1|'—|—| .. D: Eﬂ Lila. ,,ﬂ En -'1|Inm.
$etr, 220+ 037011 o« | new I [ roew
?} e Ve 248 4+0.294+0.13 S 6f 1 °F
_|_ - — N 4
n et 0.91 &£ 0.33 £ 0.05 3 af 1 2f .
K° e*uv, 0.37 + 0.10 £ 0.02 f"é | i l 1L L i :
K* etu, 0.18£0.07£001 % [ Wl
fo(mm) efr, 0.13+0.04 4 0.01 e A I e
- Kletv 1 10 ferv i
+ + 6 - 5 -
First absolute branching fraction : i l 1L L i -
measurements of these decay modes. 27 1 2f :
0 I .r._.-u.[h-ﬂ 0 __._h_.a__._l_f._ﬂl._.&J—-qﬂ-ﬂ"D-IlLrﬂ—-.u:
. =0.25 =0.125 0.00 0.125 0.25 -0.25 -0.125 0.00 0.125 0.2!
Analysis on full 600 pb™ data sample MM (GeV2)

. A2 2
1In progress. MM* = (Ecm — Eps — Ey — Eec — Epaq)

2
— P~ — P, — P, — P, —
October 13, 2009 PHIPSI09 (Poar = Pos = Py = Pe ~ Phad) 20



D, - @ £(980) eV

PRD 80, 052009 (2009) 600 pb”' @ 4170 MeV
(full data sample)

Suggestion that B, — J/ f can be an

alternative to B, - J/{) @to measure

CP violation in the B_ system

(J/P £ 1s CP-state, no angular analysis)
Stone & Zhang [PRD 79, 074024 (2008)]

[(D; > 1,(980)e", f, —J’f’ff}i = (42+11)% T I T
[(D; > gev.g>KK) |,
! e | f€'v form factor fit | "*°f
Predicted to equal [(B. > J/%/o(980).fy > 77) 2| b | 120} *‘ ) J
[(B—>J/¥Yp¢—>KK) Eaul | N l 1 b *
B 0 [
5 . an L v form factor fit |
B(D, - f(m) e v)=[0203)(DI% ¢ | \:
B(DS+ - (pe+ V) - [2.36(23)(13)]% E D:I I” CI.IEE I IEIIEI:II - I"_'I.I'r'Eln I # I1I:II:| I:II:I - I'EIIEEI h I:I.IEI:I B I':IITEI N I1.-.':II]I
¢ (GeV) o (GeV’)
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Inclusive Semileptonic Charm Decays

Uses clean D” —» K" 11, D" —» K" 1010, D - @K'K") 1T tags PRELIMINARY
2 ' L B L 2 4800 e Z 10— L
z F : O, e* anything ] s D" — e anything - 5 | D! s &* anything ]
B I Hﬁ D" — e anything 7 3 b ’;._t\ — (o E B oL s g b
& - / ¥ & 3000 F E b : Al + + -
S 2000 if \ = I | ot L et ]
0 + : i 1500 _E 40 :— ! + 1 e VvVV ]
ol / E 1000 |- . 3 ol / N
C/ . 500 |- . 3 [/
o .\“ _ 0fs \'-'- 2 0 :.’-uu b .
0 05 1 15 0 05 1 15 0 0.5 1 15
p (GeV) p (GeV) p (GeV)
B(D" — Xetv) B(DT — Xe'p) B(DE — Xetv)
Inclusive (%) 6.55+0.10+0.09 16.36 £0.11 £0.29 6.49+0.40 £0.18 CLEO
Y Exclusive (%) 6.34 £ 0.18 14.8 £0.4 6.5 =0.6 PDG

D™ — Xe™v)

['(DY — Xetr)

0.985 £ 0.016 £ 0.024

(D — XeTv)

I'(DY — Xetv)

= 0.813 £0.052 = 0.028

(Consistent with 1sospin)
Voloshin suggests difference between D’ and D  may be non-factorizable terms,

similar effect in B",B* - Xulv and determination of V X
u
October 13, 2009

[PLB 515, 74 (2001)]
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Summary

CLEO has begun to finalize its charm semileptonic decay results
*D - Ke v, Tte V are in general agreement with LQCD,

form factor normalization uncertainties (Kev: 1%, TeVv: 3%)
leads uncertainties from LQCD (10%)

* First form factor measurement of D™ — 1 e" v (preliminary)

* First observation of D™ - n'e" v (preliminary)
* First absolute branching fraction measurements of 6 largest DS+ decays

* Precise measurements of inclusive D’, D, D" decays (preliminary)

Other analyses still in progress using full data samples
*D” - K*¥e v, K¥ v

*D - pC+V, D" - we'V

* Exclusive D " decays

All of these measurements will be improved upon by BESIII
with their soon-to-be collected open charm data samples
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Backup Slides
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Electron ID

CLEO-c could only make precision measurements of D — X e vV decays
[could not identify pinD - X U v, decays (p = 1.2 GeV in these decays)

max

because p > 1.5 GeV needed for Muon Chamber]

Electron ID: Likelihood fit using information from RICH, dE/dx,
associated shower energy in EM calorimeter
and momentum measured in tracking volume [E_ /p]

Criteria: p > 200 MeV, |cosB| < 0.9, satisfies Likelihood Fit
Results: € =71% (p =1[0.2,0.3] GeV), 95% (p =[0.3,1.0] GeV)
K/T-faking-e rate = 0.1% (whole momentum range)

80% of all electrons from D semileptonic decays fall in this range

All X e v semi-leptonic analyses used this electronlD package
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Tagged D" - n', o e" v

PRELIMINARY
B '
3_ r] - + e +
i D" 5o (K'K) e v
- Tim(yy) : F
B = C
21" 1 = 18F
—_ - E 1.6
% _— L B ° 1-4:_
o T 1.2
— B -
(=) i 1:— . s
E: i | | | | | | | 0_3;_
E 2; n' — u.s;—
c L 04—
G 1.5¢ TOM(TT T ) 02k
Wt $26 07 515 0 05 0 Gk oA 062 b
1 __ ‘ Emiss'Pmi55 {GEV]
0.5

041 0 041 02
Emiss - Cﬁ | {GEV}

miss
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Difficulties with DS D”‘S

ee - D D -D (DY)

Two Tagging Issues 2000 ————————— ]
* y detection from D™ _ decay
(€ ~ 70% based on ang dist) D, tags from e’ ‘
1500
* Distorted m >
BC QD
=
> 1000
CLEO-c: EJ D tags from D~ decay
Use D_ inv mass to H
500
selecttags (0, >0 _ )
.D. | | | | | | | | | E i : L | | |
2.00 2.05 2.08

Mg (GeV)

October 13, 2009 PHIPSIO9 27



Tag D_ Invariant Mass

600 pb"' @ 4170 MeV
(full data sample)

60000
50000
40000 f
30000
20000 F
10000

Obot 1
1.92 194

Events/(0.002 GeV

200 202

1.96 1.98
M, (GeV)
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