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@ CLEO-c experiment

@ Measurement of D, D
hadronic branching
fractions

© Leptonic branching
fractions

o D — uty,
o Df — ptyy,
o Df w71y (vt —
70, 7T — etrer,)
©Q CLEO-c results related to
¥ measurement

{
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CLEO-c experiment

o General-purpose
symmetric detector

o Particle ID:
dE /dx& Ring
Imaging Cherenkov
= Great 7/K
separation.

@ Tracking:
op/p=0.6% at 1
GeV

@ Csl calorimeter:
0E/E ~ 5% at 100
MeV
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Data Samples

DD DZDs
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o DD @ 3770 : 818 pb™! (281 pb~! ~ 1.8 x 10°DD);
o D:D. © 4170 : 602 pb~! (298 pb~ ! ~ 0.29 x 10°D:D.)
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Hadronic Decays
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D hadronic branching fractions

@ Use a “double tag” technique, pioneered by MARK 1l

Ni = NppBiei, Nj = NppB;€j, Nij = NppBiBjejj

N;N; ¢ N &

= Npp = ’ijj e,»éj' = ’Tjij
@ The following final states are used:

D% K—nt, K nta® Katntn~

Dt: K—ntrnt, ng+, K- rntatx0, ng+7r+7r_, Kg7r+7ro,

K-K'tnT.

o Identify D’s from “beam-constrained mass” and AE:

Moc = \/ERepry — 1B0I2, AE = Ep — Eveom.

o Determine separately the D and D yields.
18 single tag yields, 45(32 + 62) double tag yields.

@ In a combined x2 fit we extract 9 branching fractions and
D°DP and DT D~ vyields. The fit includes the systematic
errors.

€jj’
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Single tag fits

3970407-010

T T T T T T T

30000 | 17 T o
25000 | DO K- r* iDY» Kt D> Kmtw
20000 ES I
15000 | F ES
1 10000 f ES E3
o Use 281pb~" data. so0 | ]
o Extract yields from
& e M et
H O oom [T f f : : : . . .
M fits. % 20 f D' K’ IDs Kmmn®  IDYs Kin '
20000 ES ES
@ Plots are shown in = oo} i i
+ 10000 k3 I
square-root scale. = el i
. . %)
@ Lineshape includes: € et d el M
g . f f f f f f f f f
. W o f DO Kt £ D' KOt ID'> K K+mt
@ Detector resolution 20000 i S E3
o ISR in 1000 | £ 3
ete™ — (3770) 1o r i 1
@ (3770) lineshape oo T T
@ Beam energy 000000 et
spread 0

184 18 188 184 186 188 184 186 1.88
Mpgc (GeV/c?)
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Double tag fits

M, (D°) (GeVi/c?)
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@ Double tag yields are
obtained from a
2-dimensional fit to

Mbc(D) Vs. Mbc(D)
@ Fit function includes:
o Signal peak
o One D correct, one D
incorrect
e Both D’s incorrect
o Mispartitioning
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Branching fraction results

Mode B(%)
DY - K—xt 3.89 4+ 0.04 4+ 0.06 & 0.04 PDG 2004 M CLEO-c 281 pb™  o1a0907-017
DO — K—xt 70 14.57 +0.12 £ 0.38 + 0.05
DY - K ntata— 8.30 4+ 0.07 +0.19 + 0.07 K-m* o
DT S K natrnt 0.14 +0.10 £ 0.16 £ 0.07 D -
Dt — K—ntatsa0 5.98 + 0.08 4 0.16 #+ 0.02
Dt — Kt 1.53 +0.02 + 0.04 + 0.01 Kommom HH
Dt — Kxtx0 6.99 + 0.09 + 0.25 + 0.01 - i
DY — Kentrtm™ 3.12 4 0.05 £ 0.09 + 0.02
Dt - KTK—nt 0.94 + 0.02 + 0.02 -+ 0.003 N e
Cross Section Values(nb) Ko+ HoH
a(ete= — DODY) 3.66 & 0.03 £ 0.06 Koo o
o(ete — DtD™) 2.91 4+ 0.03 +0.05 s
Kdnn-m* HeH
K-K*m+* HeH
@ The last error is the systematic error ‘ ‘ ‘ ‘

from FSR o QQ?:LEO)?%(PD&&) o
o PRD 76, 112001(2007)
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D hadronic branching fractions

o DIDs, with
D} — Dgy(dominate)

4121207-021

| DK Krnr Dot nrm

@ For hadronic branching
fractions, don't look for
the decay . Use
invariant mass.

@ Use 298pb~! of data
collected at E.,, = 4170.

. D> K K'n*n® { Ds—>KIK m* ot

Di—>K*'

o
=3
S

@ The following final states
are studied:
KSKJF, K-Ktrnt,
K- K+trntx0,
KSK_W+7T+, atatn—,
+ +./ 1.95 2 1.95 2 1.95 2
rn T and V(D3 (Gevic?)

Events / (3 MeV/c?)

n

=3

S
T

]
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D hadronic branching fractions

Mode B(%) PDG 2007
KSOK+ 1.49 + 0.07 £ 0.05 22+04
K=Kta™ 5.50+0.23 £0.16 53+0.8 206 [ —r

K-Ktntr®  5.65+0.29 + 0.40 -
KIK—ntxt 1.64+£0.10+£0.07 27+0.7

ri e 1.114+0.074+0.04 1.24+0.20 202
oty 1.58+0.114+0.18 2.16 +0.30 200
aty 3.77+025+030 4.8+0.6 2
Ktatm— 0.69+005+003 067+013 3
31.96
= 194

e o(ete” — D;Ds) =
0.98 £ 0.05+0.02 £ 0.01 nb 190

@ The last error is due to luminosity 188 )

188 1.90 192 194 196 198 200 202 204 206

measurement. M(Dy) (GeV/c?)

e PRL 100, 161804 (2008)
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Leptonic Decays
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Leptonic Decays

Q 1t
V,
D+ D+ B+ _QE]__
’ S W+
q iz

8 2

G2| Vo212 2 2
M(Pog — f+ljg) = Fimeamﬁ 1- &
Mg

@ Measure rates to extract decay constant fp (Vqq).
@ Check lattice calculations of decay constants.

o fp at CLEO-c and (fg/fp)Lqcp = fg for precise | Viqgl.
° fD/st checks (fB/st)LQCD for ‘thl/“/ts‘-
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Dt — uty,

o Fully reconstruct D™ -tag
Ktr—n—, Ktn— 779, KSOTF_, KSW_WO, ng_Tr_W+, and
KTK—n~.

@ Look for oppositely charged single track event recoiling
against the tag

o consistent with T, case (i) Ecc < 300 MeV, 99% Dt — utv,
55%Dt — 7Tv (17 — 7t D).

o consistent with 7, case (ii) Ecc > 300 MeV, 45% D+ — v
(rt - 7tD)

o consistent with e, pass electron identification, for DT — etv

@ Veto events w/ any extra shower E > 250 MeV (to veto
Dt — ntx0)

@ Signal variable :
MM? = (Ecm — Ep- — E,+)* — (—I3D- — ,E’w)z

e Use 818pb~! data.
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D* — u*v, signal shape

Dt — ptu, signal MC o MM?2, case (i) Ecc < 300 MeV
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D* — u*v,, D* — 71v; signal fit

KOmt
0% E
N E E
> F ]
) L i
G} L 4
5 1 T[U)l+\/
s 100 ot .
-~ E 7
E r = Thv(etY) o
QC) r THu(utvi) ]
>
n 4

Ty (TF = Tt

-0.10

| "| | ! !
0 0.10
MMZ(GeV 2)

@ SM ptv/7Tv ratio 2.65 fixed.
149.7 £12.0 ptv, 25.8 7Hv (77 — 7 D)

@ SM uTv/7rtv ratio float.

153.9+13.5 v, 13.5+ 153 7Hv

University of Rochester

10° g
102i case (i) Ecc < 300MeV

10"

el |/

Events /0.01 GeV?
am

10°

MM? (GeV?)

@ Simultaneous fit to both case (i) and
(ii). 7T v signal yield : 27 £ 16.4
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Branching fractions & fp

e arXiv:0806.2112

e Fix Tv/uv at SM ratio of 2.65
o B(D* — ptv) = (3.82+0.32 £ 0.09) x 10~
o fpr = (205.8 £ 8.5+ 2.5) MeV

Float Tv/uv
o B(D* — ptv) = (3.93 % 0.35 £ 0.09) x 10~
o fp. = (207.6 9.3+ 2.5) MeV

Upper Limits (90% C.L. )
o B(D* - rtr)<12x1073
o B(D* — etv) <8.8x107°

o CP asymmetry, Acp = (ot -LE- 1 7L — 0,08+ 0.08,

consistent with no CP violation.

Our result fp+ is consistent with the latest LQCD calculation,
fp+ = (207 £ 4) MeV (PRL 100, 062002).
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D" leptonic decays

@ Here we do require finding the D} — Dy decay ~.
@ Use mass recoiling against tag Ds +7.
@ ~ 400 pb~! data, total of 30848 + 695 tags

: e —, e

§ 2500 3 3

" KK : :

Lol g £

El a2 2

. g H
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Events / ( 0.02 GeV?)

DE—> uty, DT — 77u, (77 — 7ti;)

I
E < 300 MeV

@ 99% of utv in Ecc < 300 MeV

@ 55%/45% split of
THu(rt — mtv) in two cases 20

T
30 case (i)

Ko, nr

region
@ Small e~ background

@ Fit to both case i and case ii:

N> 0 / | I I I I
() ‘ T T T T ‘ T T T T
Wl Ty § ) E > 300 MeV
g 5 16 case (ii)
t =}
50~ -
t 2]
[ c 8
[
>
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aof
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30 . r . .
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20f ] 2
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g . ] 0 | ! ‘
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Df — 77v, (77 — eTvel;)

@ Df — K?e*ue background from
DS — K2eTve measurement, B(DS —
K2etve) = (0.14 £ 0.06 = 0.01)%

@ Background is ~ 21% of yield in signal 0 0.5 1 15
region E

@ B(Df — ttvy) = (6.17 £0.71 + 0.34)% o Ns—=101.6+11.5

@ fp, = (273 +£16 £8) MeV
(IVes| = 0.9738) o Ng=21.4+1.0

@ PRL 100, 161801 (2008)

10

@ Here, we don’t bother with decay . : : 1851007-004a
> F

@ 298 pb~! @ 4170 - ete™ — D;Dj 2p + e Data g

@ Require only one track, satisfy electron ID 3 | _T_ ) mg ggtal | B

. . - F ignal ]

@ Plot the energy in the calorimeter, not S T MC Background (BG) ]

due to tag side or the electron. ‘q:'; 50 [~ 2272 MC D! > K’ e* v, =

. . . I - A + 0 _+ ]

@ Eextra < 400MeV s the signal region. o oF Mme ‘BG woD - Klev, |

@ Extrapolate background from Ds I -o- 1

semileptonic decays (mainly a0 | 3

D} — neTve) from region above 400 % ]

MeV 20 : {

)

(GeV

-
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Branching fractions & fp_(preliminary)

@ Fix SM ratio: Bp, ., = (0.613 4 0.044 4= 0.020)%,
fp, = 268.2 £ 9.6 = 4.4 MeV.
@ Float the ratio:

e Bp,—u =(0.600 £ 0.054 £ 0.020)%, fp, =265.4+11.9+44
MeV.

o Dy — tv,7 — wv: Bp,—.7y = (6.1 +0.9+0.2)%,
fp, = 271+ 20 + 4 MeV.

Q@ Ds — v, T — evevy: Bp,_ry = (6.17 £0.71 £ 0.36)%,
fp, = 273 £ 16 + 8 MeV.

Combine 1 and 3: fp, = 269.4 8.2+ 3.9 MeV.
Lattice QCD: fp, = 241 + 3 MeV.
CLEO fp, is ~ 30 above Lattice QCD calculation.

© 00
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CLEO-c impact on v measurement
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v measurement from B*¥ — DK=

U
Ag- . pok- (§n—
S AB —DOK= _ ypei(55)
b . B~ —DOK~

DO, D° decay to a common

mode(eg, KdrTn~)

@ Extraction through interference between b — c and b — u
transitions.

@ D°/D° — K27~ Dalitz analysis is used to extract ~. Interference
depends on D°, D° phase difference(d,, — d, ), as function of
position in Dalitz plot. To date, this has been taken from results of
Dalitz analysis, which suffer from a model dependence.

@ A model independent way using binned Dalitz analysis has been
proposed by Giri et al. (PRD 68, 054018(2003)) and further
investigated by Bondar et al.(Eur. Phys. J. C 47, 347-353(2006)).

@ CP eigenstate Data at CLEO plays an important role in the model
indpendent approach.
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Binned analysis

Phase Bins
- sl @ It can be shown:
£ 3f
72 . T o= (M /S+ = M /S-) (Ki + Kq)
2f 18- "(MF/Se+MT/SD) VKK
15F
b
T 3 @ M (M;), CP even(odd) tagged
e S TR * Kg7r+7r* events in each bin
% 05 115 2 253 4

@ K;(Kz), flavor tagged Kgﬂ'*ﬂ'*
events in each bin

m2 (GeV?/c®)

Square bins = Adp bins

Po(xy) = |fo(xy)le™) W)
1
= ﬁ/D [fo(x, )| fo(y, x)|cos(dx,y — 0y x)dxdy (2)
1 .
i B ﬁ/; |fD(X7.y)||fD(yaX)|S|n(6x~,y - 6Y7X)dXdy (3)
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CP tagged K2 m~ results(preliminary)

K * 1 vs. CP-even Tags

K m* 1 vs. CP-even Tags

v %
= 8 a
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@ ~ 800 CP events

Lol Leviliiilen,l
02 04 06 08 1 12 14 1.6 1.8
M )

Ci

0.

o

=)

-0.!

o

E % = BaBar Model

= CLEO

c
@
c3
c
s
6
cr
a8

0.706+0.069+0.028
0.586+0.126+0.037
0.041+0.120+0.043
-0.51040.178+0.074
-0.949+40.063+0.029
-0.807+0.108+0.039
0.085+0.154+0.046
0.33940.082+0.024

University of Rochester Beach 2008, June 26, 2008 25 /28




K7r7r VS. K57T7T

o CP tagged sample can only get ¢;

results (preliminary)

e Using Kg7r+7r_ VS. K507r+7r_ sample, one can extract ¢; and
s; simultaneouly.

Mi; =

1
72ND [—)82 (K,'K]- + Kﬂ(J — 24/ K,'KjK{/’(J'(C,‘CJ‘ + S,SJ))
, f
Value Value
& c 0.779+0.087+0.062 s1 0.380£0.179+40.085

*Ml 3

(]
3

6

0.874£0.1204+0.113
0.003£0.166+0.152
-0.1654-0.323£0.152
-0.9294-0.058+0.044
-0.4724-0.196+0.099
0.459+0.2044-0.170
0.526+0.109+0.114

2
S3
S4
S5
S6
s7
S8

0.137+£0.2601-0.084
0.749+£0.14540.053
0.490+0.4004-0.093
0.141+£0.2684-0.085
-0.6794-0.203£0.059
-0.56584-0.367+0.106
-0.3764-0.169+0.060

I

@ ~ 450 events

University of Rochester

Combine CP tagged KrTn
double Kg’]T+7T

~ and

~ results,

uncertainty on +y is about 5°
(Bondar et al. arXiv:0801.0840).
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o D, Ds hadronic decays
o The D° and DY branching fractions are systematics limited.
e The Dy branching fractions not yet systematic limited.
@ Leptonic decays
e fp measured to £4.5%, statistical error dominates.
o fp, measured to £3.0%, statistical error dominates.
o fp, is ~ 30 above Lattice QCD calculation. Using full
602pb~—! data, will further update fp,.
o B(Df — 77v;)/B(Df — p'v,) consistent with theory.
@ CLEO-c impact on v measurement
e ¢, s;j values are extracted for model independent approch to
measure .
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Thank you!
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