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Absolute Hadronic DO and D+
Branching Fractions

°Important to establish the branching fraction scale
s Directly impact determination of e.g. V-, from exclusive modes

»Need to 'count' the number of produced D mesons
» Different techniques used

cC-threshold Y(4S)
' K* y "
T
D) m ‘
e’ >@< e e’ >@< )
o

Tag by full reconstruction of one D Tag by partial reconstruction of lepton
and slow pion (works only for DO)
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CLEO-c Hadronic BrFr.

sUse a 'double tag' technique, pioneered by MARK Il
N.=€.B.N ,, _
_z I 1 DD Nl'N'Ei‘ Nijej
= N L — J Y B_
N ;=€ ,B,Npp DD

_ '
2 Nl.jeiej N]-Ei]-
Nij_eij i jNDl_)

sThe following final states are used
D% Kn*, Kn*n®, and Kn*nr?
D*: Kr'n*, Kn*, Kn'ntnd, Ksnrnnt, Kgntn®, and KKK+t
sDetermine separately the D and D yields
218 single tag yields
°45 (=3%+67) double tag yields
sIn a combined y? fit we extract 9 branching fractions and D°D°
and D™D yields. The fit includes the systematic errors.
sMany systematics cancel in the DD yield (e.g. tracking eff.,
PID eff.). 56 pb-1 (PRL 96, 092002)
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Single Tag Yields (281 pb 1)
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Double Tag Yields (281 pb-1)

> o0, -
; = Data DODO ioo:— D+—K-mtnt VvSs. ﬁ
2™ ~13600 St DKt |
Lie7 events #00- 2002 events
F %OOE (~8600 D+D-

1861 e | - tags in total)

1.853— N | . 200:_ T ’

1.84 — , ' 3 | : 1003—
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*Very clean signals in fully reconstructed events
»The statistical errors on the double tag yields set
the scale of errors on the branching fractions
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Preliminary Results for 281 pb-1

PDGO04 I CLEO-c 281 pb™ Preliminary  o1c010m001

| ! | | |
Mode B (%) K-m* B
D° - K xt 3.87 +0.04 + 0.08 v HH
D° — K—ntx0 146+0.1+0.4 P -
D° - K natnnt 83+01+03
Dt — K ntxat 92+0.1+0.2 S H
Dt — K ntnta® 6.0+01+02 K-mtmtn® H-H
Dt — K2r*t 1.55 4+ 0.02 + 0.05 Kons -
DT — Kontn® 7.24+0.1+0.3 oo
D" — K¢ntatz=  3.13+0.05+0.14 "
Dt — KTK =" 0.93 +0.02 + 0.03 K rmome: HE
K-K*m* HeH
| | L ] | L ] L | |
0.4 0.6 0.8 1.0 1.2 1.4 1.6
‘B(CLEO)/B(PDG04)
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210 fb-1

arXiv:0704.2080
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D—-Kz Summary

e Systematics limited:
»Statistical: ~1%
sSystematic: 1.5-2.0%

*Many systematic uncertainties at
1% level

*Some uncertainties that are
determined in data will improve
with more statistics, e.q.,
tracking efficiencies and particle
identification.

»CLEO-c doubly double Cabibbo
suppressed decays

*Final state radiation is a 2-3%
effect, rely on MC simulations.

»BABAR needs to understand
background shapes very well.

A. Ryd, Cornell U.
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CLEO-c D_ Branching Fractlons

»Use same technique as for the
DO and D+ branching fractions
s Pairs of Ds and Dg*
sUsed 195 pb-1 of data et
recorded at (or near)
Ecm=4170 MeV

»\We study the final states:

-ia-KSK"‘ - D;E'D-s
+K+K-TT+ op
=K+ K-7T+7T0 u:? E—
T 8.0 | |
= Tc+ © 0.4 — E
nl oaf | *: ! Ta ke DSDs*
- + o i i i i
nw b {'% ~ dataat417@
SRl S | | |
DE'II'IfEI*il._T_i_._i'Ii
38 355 4 405 41 415 42 425 43
EmI (GeV)

A. Ryd, Cornell U. FPCP, Bled Slovenia, May 14, 2007 Page: 9



Single Tag Yields (195 pb™)

D:—K K' n*: 8665 + 126

Di-K, K*: 1983 1 54
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K+K-1t 1t 1160£85 1251+84
T TTTT 970+80 947+78
nrc 547+50 570£50
n'rct 362+23 372+24
Di—K- K*mn®: 2410 £ 119
1400 r . —— I-1120706-00(! 1600 __‘
1200: 1400:
g 1000 S 1200:
E 800} E 1000;
e o r
~ < 800[
’9 600~ 1 2 5
& S 600
& ol 127
400
2001~ . r
C 200~
0 I1.s|;2| ‘1.s|;4| I I1.s|;el I I1.s|;sl ‘ é o0z ok T2

M(D?) (GeV/c?)
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Double Tag Yields

All double tags

AII Double Tags

4120706-008
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A. Ryd, Cornell U.

2.02 2.04 2.06
m(D?) (GeV/c?)

M(D*) - M(D>) (GeV/c?)

KsK— KtKn~ KtKna® aaat a7 an
KsK™ 7.7 27.0 18.7 7.3 4.0 5.0
K-Ktnat 18.0 104.7 43.7 30.7 120 8.0
K-Ktntn® 8.7 35.7 14.0 13.3 1.0 5.7
ntatne 33 22.7 16.0 13.3 4.7 4.0
Gan 0.0 10.0 2.7 6.0 1.0 1.7
' 3.0 10.0 3.0 3.7 1.0 0.0
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D¢ Hadronic Branching Fractions

L PDG 2006 fit p
Ks K I —8— CIEC Preliminary, 195 ph' "Q/
&
(/
K"K m* —a—i ,'7/',)6
r
K* K ot o0 ——C—— J/
ot =
T K
T’ H—a—H
. Ll N R R ETI S B B
0 1 2 3 4 o o 7
Branching Fraction (%)
Mode 195 pb~1 (%) . C .
BK KT 50 £ 0,00 % 0.05 s Analysis is statlstlcls limited
B(K-K*tmt) 55740304010 *We have 300 pb-1 on tape
B(K-Ktntn®) 562+033£051 s Final results this summer
E[’?T""?T‘I"?T_] 1.12+0.08 £0.05 gPlan to take ~3OO pb—l
B(ntn) 1474+01240.14 ) .
B () 4004027 030 before CLEO-c running ends

A. Ryd, Cornell U.
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Belle Ds+—K+K-it+

»Using 0.55 ab-1 Belle partially reconstructs ete-—D*Dgq

N(Ds *)=N(e+e-—Dg*Ds1)e(Ds,v,K)Br(Ds) N(Ds1)=N(et+e-—Ds*Dg1)e(D*,y,K)Br(D*)

DY, & K DY, & K

v ‘“V

e ef e

N(D) Dy
N(D;) e(Di)

B(DF — KTK ot = . B(D™)
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Belle D—KKrn

—~ 100 . —~ W
N i ) !
s &f .I- Ds1—D*6K- © .
T wf 184+19 7
R +4 4,1 0|
s I .
v 1' L 'Ft‘i""‘l‘-‘}:f-'H' |
0 a.
wE Ds1—D*-Ks 20 f
20 - 105+£14 15
s L ; 10}
0+ }i| + 1 5
't '+ SR - wot)
0 PERE R I N R R | I B A A L/] -------- | IR N T el Y _
0.08 0.1 01’2 0.14 0.16 018 0.2 0.51 032 0.53 054 055 056 057 058
AM, (D7) GeV/c® AM_, (D K) GeV/c®
+ CLEO-c (preliminary):
B(Dst—K*Knt)=(4.010.4£0.4)%  B(D +—K+K-1H)=(5.57+0.30+0.19)%
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BABAR D —0n

sUsing B—»D*Ds* BABAR has previously measured
B(Ds—0m)=(4.81+0.52+0.38)% PRD 71 091104 (2005)

»Using events in which one B meson is fully reconstructed and
and either a D) or D)) is reconstructed they use a missing

mass technique to identify the final states

arXiv:hep-ex/0605036v2
i 210.5 fb-1

290,000 BO tags

463,000 B+ tags
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BABAR D —0n

Recoil mass against D or D*
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. Ryd, Cornell U. FPCP, Bled Slovenia, May 14, 2007
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What about D;—¢n?

@The ¢ resonance is not well D.—»K*K-tt* partial BF:
defined CLEO-c (+10 MeV around ¢)
® Ds—OT interferes with Ds—fp 7T 1.98+0.12+0.09

? B(Ds—(T) is not well defined and CLEO-c (x20 MeV around ¢)

CLEO-c are not quoting it. 22(|5:$eo|"];|3|:gr1)2
@ We calculate a partial br. fr. in a y
mkk window around the ¢ mass For reference: D,.—qrr
s A detailed Dalitz study needed to PDGO6: 4.4+0.6
separate out the Dj fit fractions BaBar: 4.62+0.38+0.50
o S KK ~ (1.008<M(K+K-)<1.035 GeV)
4;2-5_""|""|""|""|""|""|""_ :"""""""'|"":
= F 1200 1
e o CLEO-c 195 pb-1 -  F CLEO-c 195 pb™+ 3
= F P - 1000 E
€ 1.5 - soof =
n - N ; .
1E - EDOp ¥ =
osf- 10 Lo : :
B 200 I —
8.5 '4""1.'5"'3""215"":'a""s.ls""-‘ o P i, = L% ST
0.95 1 1.05 1.1 1.15

m(K K*)? (GeV?/c?
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Inclusive 1, ', and ¢ Production
in D and D Decays at CLEO-c

sTag one D or Ds and look at B n (%) PDG
rest of event DO 9.5 + 0.4 + 0.8 <13%
2281 pb-l for DO and D+ D+ 6.3+ 0.5+0.5 <13%
2195 pb-1 for De D, 23.5+ 3.1 2.0 -
* As expected, we see that the B N’ (%) PDG
production of n, ', and ¢ is D° | 2.48 + 0.17+0.21
larger in Ds decays thanin D D 1.04 + 0.16+0.09
decays. D, 87+19=+1.1
*Important branching fractions B 0 (%) PDG
for studying Bs decays. DO 1.05 + 0.08+0.07 | 1.7 + 0.8
D+ 1.03 = 0.10x0.07 <1.8
D, 16.1 + 1.2 *1.1
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D+—K+*+10

s CLEO-c and BABAR has measured this doubly Cabibbo
suppressed decay

sNormalize to D+—=K-tt+nt+

CLEO-c (281 pb-1) BaBar (124 fb-1)

My Distribution|

S100[— peak yield = 147.5039 + 23.2601 ] |

Events / { 0.0012 Ge

Events / (0.01 GeV/cz)

?.7 1.75 1.8 1. 85 1.9 1.95 2

1.84 1.85 1.87 1.88

Mbc of D candidate (va) K*n¥ invariant mass (GeV/c )
B(D+ —sK+10)= (2.24+0.36 B(D* —K+10)= (2.52+0.46
+0.15+0.08)x10+* +0.24+0.08) x 10+
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D—Kgmand D—K; T

o |t Is often assumed that I'(D—KsX)=I'(D—K| X), but this is
not strictly true due to interference effects.

D? \W<;W 70 1 0 0
. K _ﬁ(KS—KL)

The physical states of the
K and K| have different

rates due to interference

d
D ij K(’:%(ngtf(g)

Cabibbo-suppressed

Based on factorization Bigi and Yamamoto (PLB 349, 363 (1995))

Predict F(DU — f—f&,ﬁﬂ) _ F(DU . f‘i}__?‘.‘o) >t 2 010
0 —— ~ 2tan bt ~ 0.
[(D° — Kegr®) 4+ T(D° — Kpn°) C
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Measuring DO—K 0 Pre/,-,,,l.na

r
@ CLEO-c is uniquely positioned to measure DO0—K 70 y
?|n tagged events, look at recoil against 70 and veto Ks

2 h1 2 h3
Mmissing (Monte Carlo) Entries 64368 Mmissing (Data) Entries 4517
1400F Mean 0.5633 = Mean 0.5722
5 RMS 0.4192 B RMS 0.4237
70
1200 -
60
1000}~ -
[ S0
oo :
L 40 -
600 ~ 30 :
200~ e g 10F
olulois Liwsds 0‘:
-04 02 0 02 04 06 08 1 1.2 ) 1.4 -04 -02 0 02 04 06 08 1 1.2 ) 1.4
I\"Imissing Mmissing

@ Correcting for Quantum Correlations
°B(D° - K)m")=(0.940+0.046+0.032)%
*B(D°-Km")=(1.212+0.016+0.039) %

0 0
”DOHKS) F(DO_)KL)=O.122i0.024i0.030 In agreement with
[(D'-K,)+I'(D"-K,) theory (factorization)

A. Ryd, Cornell U. FPCP, Bled Slovenia, May 14, 2007 Page: 21



D+—Kyn+vs. D+—Ksm+ ' Slimin n

s Look for recoil mass against pion in tagged events

Fit for KO pi+ yield, noVeto |

A. Ryd, Cornell U.

KOK bkgd = 1.5
Kpil bkgd = 1.2

No Veto

rIIII|IIII|IIII|IIII|IIII|IIII|IIII TTTT]TTTT

12005 0

e T |
015 0.2 025 03 035 04
Missina mass sauared (GeV"2)

Missing Mass Squared

Yield
4428+79
2023+54

I[(D'-K)-TI'(D"-K,)
I[(D'-KJ)+T' (D" -K,)

K TT*
Kt

R(D')=

fake D bkgd = 414.5
mudnu bkgd = 2.8
rholenu bkgd = 7.7
Koenu bkgd = 11.3

pipipidpi0 bkgd = 13.9
rholmunu bkgd = 7.2
K pipi blgd = 25.4
rthoZnu bkgd = 5.4
pipipipid bkgd = 20.4
pipipi blkgd = 264.2
pipitpid bkgd = 156.0
pilmunu bkgd = 404
Komunu bkgd = 85.8
piZnu bkgd = 14.0
KOpipid bkgd = 1106
Kspi, piFromi(s = 40.4
munu blgd (%) = 60.0
sum of yields = 64384

Efficency
85.2+0.1
81.8x0.1

| Fit for KO pi+ yield, withVeto |

fake D bkgd = 101.0
mu3dnu bkgd = 2.7

Events / ( 0.01 GeVA2)

rhooenu bkgd = 0.1
Koenu bkgd = 0.6

FY
[=]
o

Extra trk/m
Veto

(removes

sum of yields = 2948.5
# of events = 2980.0
|\ chi-sguan - Np
\
]
T et TR WS et id e
-0.05 -0 005 01 015 0.2 025 03 035 04

BF (%)

3.095+0.056
1.456+0.040

=0.0300.023£0.025

FPCP, Bled Slovenia, May 14, 2007

KoK bhgd = 0.2
Kpio bkgd = 0.7

pipipipio bkgd = 0.1
pipipi bkgd = 0.7
pipiopio bkgd = 47.3
piomunu bkgd = 20.0
Komunu bkgd = 29.6
pi2mu bkgd = 13.8
Kopipio bkgd = 50.9
K.spi, piFromis = 0.2
K=pi bkgd = 245.8
munu bkgd (*) = 61.9

Missina mass sauared (GaVA2)

Missing Mass Squared

Dao-Neng Gao
arXiv:hep-ph/0610389v?2

Predicts:
R(D+)=0.035 to 0.044
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Conclusion

»For D° mesons new measurements from both Y(4S) and
the ¥(3770) are making improvements to the
understanding of the absolute branching fractions.

e Systematics are limiting the measurements at both
energies now.

»For the D+ branching fractions measured with tags at the
¥(3770) provides the cleanest measurements. Also limited
by systematics.

«The D, branching fractions at CLEO are not yet systematics

limited.
eThe clean environment at CLEO allows studies of modes
with K.
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Backup Slides
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Tracking Efficiencies

sEvents that can be fully reconstructed can be used for very
clean studies of tracking efficiencies

sLook at recoil mass against D%-tag and pion — see how often
kaon is found

°|n data we find €=(90.8+0.4)%

1600 —— v
- 1/MCDD_mbc_yield= 12096 ;- 111 1_pimunu_nombc_Yield = 2728 - 107
gmoo T m1/MCDD_mbc_fracl= 0114 20013 g45° 1/MCDD_mbc_yield = 1221 - 45
C , >
3 1/MCDD_mbc_Sigma2 = 0.020194 - 0.00029 &400 = m1/Kpipi0_Yield = 8122 - 115
I~ L
gzoo — m1/MCDD_mbc_Sigmal = 0.05%7 | - 0.0032 8350 MO/MCDD_mbe_yield= 524 - 24
3 000 T m1/MCDD_mbc_Mean = 0.2439 | - 0.00021 = umFlatBkgd = 27 - 24
= umFlatBkgd = 46 - 14 3300 -
£ £ nk
oo g Kgon not
- 200 -
600 |- -
- Kaon | £ found
wfF  found :
C 100
200 sofF .
u e
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Missing Mass Squared (GeV/2) Missing Mass Squared (GeVA2)

A. Ryd, Cornell U. FPCP, Bled Slovenia, May 14, 2007 Page: 25



Results from 56 pb-1
(PRL 95, 121801)

Parameter Fitted Value Arsr . | pDG.
Npopo (2.01 £ 0.04 £0.02) x 10° —0.2% " '"' W CLEO-c
B(D® — K ") (3.91 £0.08£0.09% —2.0% Kow o  HeH
B(D® — K—7+r0) (1494+03+£05%  —0.8% Kot 0 ot
B(D*— K nrntr )  (83+024£03)%  —-1.7% e -
Npip- (1.56 £0.04 £ 0.01) x 10° —0.2% L

Kin'n'm HeH :
B(DT — K nra™) (95£02+£03)%  —2.2%
B(D* — K- atr%)  (6.0£024£02)%  —0.6% Kegm Loy
B(D" — Krh) (1.55 £0.05+0.06)% —1.8% Ko D
B(DT — Knt70) (72+£02+£04%  —0.8% N
B(D™ — Kyrtntn™)  (324+01402)%  —1.4% e H_._H
B(DT — KTK—77)  (0.97+0.0440.04)% —0.9%

0.4 . 076 0?8 1?0 172 . 1?4 . 1.6

Our branching fractions are corrected for FSR (so they include v's)

Using our measured luminosity of 55.8+0.6pb™* we obtain:
o(ete—»D'D%)=(3.60+£0.07+0.07)nb 0 (e"e—>D"D’)=(2.79£0.07+0.10)nb

og(e"e—>DD)=(6.39+0.10+0.17)nb

CLEO-c inclusive:

A. Ryd, Cornell U.

o(e" e — yw(3770)— hadrons)=(

FPCP, Bled Slovenia, May 14, 2007

6.38+0.08"""

)nb
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BABAR Systematics

Sample Source 5(B)/B (%)
Selection bias +0.35
N Non-peaking combinatorial background +0.89
Peaking combmatorial background +0.34
Soft pion decays m flight +0.10
Fake leptons +0.08
Cascade decays +0.08
Monte Carlo events shape +0.08
Continuum background +0.05
D** production +0.02
Photon radiation +0.02
N Tracking efficiency +1.00
K~ 1dentification +0.70
DY invariant mass +0.56
Combimatorial background shape +0.30
Combinatorial background normalization +0.16
Soft pion decay +0.12
Cabibbo-suppressed decays +0.10
Photon radiation in D" decay +0.07
Total +1.74

A. Ryd, Cornell U.

FPCP, Bled Slovenia, May 14, 2007
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Quantum Correlations

PRD 73 034024 (2006)

The two DO mesons are correlated: C=-1 Asner and Sun

f [+ CP + CP - Y= A m
: T
f_ Ry (1+r*(2-27)) Correction to BR AT
2 =2 as compared to 5
f 1+r(2-2%) incoherent decay 2r
CP + 1+rz 1 0 is_ (DK 1)
r _
cP - 1-rz 1 2 ! (DK )

@ For CP vs CP eigenstates the correlation is a large effect
®F.g the decay DO—KgTt0 where the other D decays generically (single tag)

N(D’-K{m°)=2N ,,B(D > Kgm°)(1+ y)
@ Where the other D is a flavor tag D—f
N(D’-Kgn’)=N_,sB(D’— Kgm")(1-2rcos s )
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