Charm Counting

in b and ¢ Events
at LEP
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new results of R. from charm counting

new result of Rc from D* exclusive/inclusive reconstruction

new results on n. from charm counting

overview on results on n,

D* fragmentation
=P R. =I'(Z — cc) / T'(Z — had)
n,. ~c multiplicity per b decay

== Common input:
results are corrected using
PDGI8 + LEPHF values

Mode branching fraction
D' — K—nt 0.0385 £ 0.0009
Dt — K—xtxt | 0.090 + 0.006
D — ¢(1020)x* || 0.036 + 0.009
Fo kT
G | 095 £ 0.0
AF — pK 7t 0.050 + 0.013




Weak decaying ground states

==) sum over all ground states :
c events > R .
b events — n
==) exclusive reconstruction
~ invariant mass
~ Kinematic cuts
~ vertex reconstruction
~ particle id. dE/dx + RICH
==) subtract background and
reflections

==) final updates :
ALEPH ~ c events
DELPHI ~ b and c events
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c-Quark

b / ¢ separation g

==) use energy spectra and lifetime
~c¢ — D : high X, (D) /low AL .
~b=D:low Xp(D)/high AL , .
#S“btra(:t g — CC (talk Stefan Schmitt ) ||| ||H““Hm .

==) use impact parameter b tagging
DELPHI ~ substract D (cspeciaiy D+ bias)
ALEPH ~ opposite hemisphere

== DELPHI : 3 dim. fit to mass / X E (D) / b tag for all channels
~ extract ¢ — D and b — D at same time, correlations -35 %

=) ALEPH : Xz, (D) > 0.5 and high purity b tag veto
~T79 % pure c event sample
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Results on ¢ events

==p measured R *P(c — D)*BR(D — X)

== divide by BR(D — X)
==p correct A .rate for Q .and =, ~15+5%

==) new result :

R.=0.1738+0.0047(stat)+0.0113(syst)
ALEPH

R.=0.1692+0.0047 (stat)+0.0097(syst)
DELPHI

old OPAL (—1993) :
R.=0.1670=0.0110(stat)+0.0130(syst)

== biggest common systematic ~ BR
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D" — (Knh)n', X, >0.15

2 DELPHI
o o = [ [] Ddecays [] vackground
DELPHI double tagging analysis £ 3000 |7
: i/
g 2500
== final update of s
exclusive vs inclusive analysis 2000 1
== use D*— (Kx)m channel 150 f

~ mass difference trick
~ Am =m(D*) -m(D )

== ) / ¢ separation like for counting |
#qu)(q —s D*)BR(D*% D )BR(D s K.TL') 0035 040445 05 0155 016

AM [GeV/c?]
~ c events : 0.01089+0.00027(stat)+0.00039(syst)

~ b events : 0.01315+0.00035(stat)+0.00053(syst)
correlation -0.34 %

== divide by PDG BR(D — K )
==) measure P(c — D¥*)BR(D*— D) from pt? of slow pion

1000 |

500 -
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== use 7 exclusive D channels G 15005 A DELPHI

< 1400

oM

S 12000 + e signal sample

==) apply b tagging veto 31000

800

== total of 21898+216 D mesons
¢ purity ~ 81 % :

— total background sample

entrie

L ‘ | — ‘ | — ‘ | ‘ | ‘ | ‘ | ‘ | — ‘ | — ‘ | —
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== opposite hemisphere

ok DELPHI simulation i
. > )
~ tag D*% Dj'[ USlng lOW = 25000 e signal sample
8\2000 R — background sample
pt %of 7 to jet axis 8 s o, B T opposite to genuine D
& 1000 .
~ 2371137227 events L o
- A I IR R IV P R

#COl’reCt for b background, % 002 004 006 008 01 012 014 O.(16) (0.18/ )0.2
p (7") (GeV/c)
b mixing and hem. correlations

== result : P(c — D¥*)BR(D*— D) = 0.174+0.010(stat)+0.004(syst)
and R.=0.1610=0.0104(stat)+0.0083(syst)



LEP and SLD results on Re

ALEPH
== fractions (sum =1) : fepton 192295

f(D*) =0.240+0.016 D' incliesel 199055
f(D3) =0.118+0.025 DY inciencl 199195

f(bar) = 0.084+0.022
( input for Rb) . Allrgg’g{;
# P(c — D*)BR(D*— Dt ) masstlitetime 159558
= 0.16SZiO 00053 charm couﬁ%‘}%ﬁg
DELPHI

charm count. 1991-95

LEP+SLD

............

00000000000

...........

0000000000000

& o

014 016 018

I‘c/ 1—‘had

0.1675 = 0.0062 = 0.0103

0.166 = 0.012 = 0.009
0.161 = 0.010 = 0.009

0.173 = 0.014 = 0.009

0.169 = 0.005 = 0.004

0.1738 = 0.0047 = 0.0113
0.1692 = 0.0047 = 0.0097

0.1674 = 0.0038
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DELPHI

Charm counting in b decays '
ALEPH |

==p measured RFP(b — D)*BR(D — X)  opaL |

== divide by Ry tr) BR(D — X)

=P qdd 2x measured charmonia ~4.0+1.3 %) FLPH

3.

ALEPH |
== correct for = c ~4.0+1.6% OPAL |
==) updated DELPHI result : DELPHI|

n = 1.166+0.031+0.059+0.054(BR) ALEPH -
old ALEPH yields : Il = 1.190+0.034+0.065 ,,, |

old OPAL yields: 1N = 1.137+0.048+0.084
== correlated average : DELPHLL
n.= 1.151+0.022+0.022+0.051(BR) ALEPH |
OPAL |

RjP(b — X) [%]=p

12.790 = 0.421
+0.792

13.040 = 0.510
+ (0.346

11.790 = 0.600
+ 0.557

4973 + 0.224
* 0.248

5.120 = 0.290
+=0.216

4.120 = 0.333
+0.213

3.594 + 0.246
+0.211

3.910 = 0.370
+=0.181

4.610 = 0.640
= (0.404

........................................

1924 = 0.373
* 0.165

2.080 = 0.260
+0.117

2.440 = 0.460
+ 0.202




Inclusive n . measurement o | chamies ek single cham
== based in impact parameter b tag "

0.01

-}tag one hemisphere ~ 84 % purity 0
== other hemisphere, fit spectra of :

0.005
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-In P+

~ N0 open ¢ 3 e
~ double open ¢ o £
=P norm =1 ~ single ¢ o
== subtract light quark background " e &

10 20 30 40 0 10 20 30 40

== results : 0 o
7 o n(no open ¢) = 0.033+0.021

& no charm

-'Ei‘aifg n(2 openc) =0.139+0.042
e this yields n(no ¢)<0.035 95% CL
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Exclusive double charm

== CLEO uses D lepton correlations
(+) ™= result:

Fa I'(B — DX)/T(B — DX)=0.100+0.031
W-§< chl K(*) or B — upper vertex D =7.9+2.2 %
B b ¢ ,(*) ==p add contributions from Dy, cc, bar :
q q

BR(B — ccs) = 21.9+3.7 %
==) ALEPH measures exclusive double Dys) decays :

BR(b — D(s)D(s)) = 20.9+3.0+2.4+3.7 %
== add contribution from cc : BR(b — ccs) = 22.6+5.4 %

=) average : BR(b — ccs) =22.1+3.1 %

== assume SM charmless b < ~0.02 yields :
n.=1.201+0.037

=) check: deduce BR(b — ¢ — 1) ~1.62+0.57 % DELPHI : 1.68+0.46 %



HQET + spectator effects
Neubert, Sachrajda

n,vs Br(B—l)
14

==) Y4S averages :
l’lc= I.IOi0.0S (CLEO) 13
Br(B—I) =10.45+0.21% oo

0.25

u/my,

0.5

== | EP measures Br(b—1), 212

use.

double charm

m./my,

Br(B—l) = Tp /T b Br(b—l)

( see next talk by Pauline Gagnon ) 1.1
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=) LEP average :

Y4S

+ LEP

0.33

n,=1.149+0.036 1
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b 0012 |
ALEPH results on D* production 5 oo
Z
analyse D* energy spectra ;50’008 5
== extract g — cc o
==) ) tag veto to substract b spectra o
==) fit Peterson et al. function to c events : |

<X p(D*)> = 0.4878+0.0046+0.0061
==) divide rate by R.and BR to extract

gluon

bbb

ALEPH

O‘ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Xg=FE/E,,

P(¢c — D*) =0.2333+0.0102+0.0158

Candidates / 6.25 MeV/c’
(]
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analysis of D¢ — Dgy
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==) ¥ conversions + calorimeter

== ) and c enriched samples : §
P(c — D¥) =0.069+0.018+0.019 R
P(b — D) = 0.113+0.035:0.028 v s
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The effective V/(V+P) ratio in ¢ events

==p difference between D" and D' rates due to D* decays

==) check consistency of results: Fespo — Pespt —
2P._ p«+ BR,
DELPHI ~ 0.963+0.051+0.074 ALEPH ~ 1.02+0.12
=P extract effective V/V+P : P.pe+ BR.=Y fu(c)
ALEPH ~ 0.595+0.045 Pespo=(1+Y) falc) Y=BR. -

V4P

DELPHI ~ 0.620+0.014+0.029 Posp+r=(1=Y) falc)
== ALEPH result on D% production yields : 0.60+0.19

== o0ld OPAL value using D*"and D*Oresults : 0.57+0.05

== expectation :
naive spin counting ~ 3/ 4
string fragmentation (D**) / thermodynamical approach ~ 0.66



final updates R, from charm counting and D* reconstruction :
R,=0.1738+0.0047(stat)+0.0113(syst) ALEPH
R,=0.1692+0.0047(stat)+0.0097(syst) DELPHI
R .= 0.1610+0.0104(stat)+0.0088(syst) DELPHI

results on n, from counting and inclusive tagging
n,= 1.151+0.022+0.022+0.051(BR) ALEPH/DELPHI/ OPAL

n,= 1.147+0.041+0.008 DELPHI
open B — DDX yields n = 1.201+0.037 CLEO/ALEPH
LEP + SLD averages :

R.=0.1674+0.0038 SM : 0.172
n,= 1.149+0.036 expect : 1.20+0.06



