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Motivation (I)

V4, My, and m_are fundamental parameters of the Standard Model
which have to be measured by experiments

At present, the best accuracy is achievable in the determination of
V., from inclusive semileptonic b-hadron decays:

2 BR(b —> cl U
f ( parameters ) = ( )
4 i

Evaluated by theory based on ﬂ
O.P.E., few % accuracy 1 % accuracy

T,(b—> cl D)=

Vcb

Improvement are possible with additional measurements of
g the characteristics of b-hadron semileptonic decays:

2\/@ Comparison of results from different measurements provides a
test of the consistency of O.P.E. predictions and of underlying
assumptions
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Motivation (Il)

Yl e o

e Advantages of Z° kinematics:  <3oF
O |
E; ~ 30 GeV = large boost 225
Use full lepton energy S |
spectrum in the B rest frame 3201
b and b in separate hemispheres §15f
(yct ~ 2 mm) = good secondary il
vertex reconstruction and signal/ 10}
background separation ;
5
e Challenge: complete reconstruction|
of the B system 0062505075 1 12515 175 2 225

E lepton - B rest frame (GeV)

2 | Get new insight:
» Use of different theoretical formulations
» Possible use of higher moments
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Moments of hadronic mass distribution

in b semileptonic decays (I)

ik Edo —D™¢-v exclusively reconstructed in the three
channels: D"—>D%*, D"—>D*n-, D"—>D"*r-

with D% D* and D™ fully reconstructed and p_ >0.5 GeV/c

i? Leptons with p(Lab)>2 GeV/c >

Signal/background separation with a discriminant variable based on:

* presence of additional charged particles at the charm vertex in
addition to D™, /- and v
* T impact parameter, secondary vertex quality etc..
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Moments of hadronic mass distribution
in b semileptonic decays (ll)

D** production rates DELPHT
. . e TF?&%
Dr candidates separated in: g s | 3 Soocade cvens
% g t M Primary n
“right-sign” ( D%+, D*n~, D**n") Z
‘wrong-sign” — contributions

only from DO g*xr-

-1 -0.75 -05 —0.25 Q Q.25 05 Q.75 1

Disc. vor,
T DELPHI
e e Data D'n’
N B Signal
= Fot leptors
[ B Cascade events
8z | 8 Combinatorial
% : M Primeay 7@
A J_
75 : D"+Tc—
| “‘wrong-sign”
Fit using background distributions _—" = ™M
from simulation and data o

-1 075 —05 -0.25 o .25 05 D75

Discriminant variable
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Moments of hadronic mass distribution
in b semileptonic decays (lll)

Study of the mass distribution of

D**n-
D** states DELPHI
e Fit to A,,=m(D¥n) - m(D™) distributions = = ot
considering resonant D, *,D,"*,D;*,D,* 2=l
and non resonant Dr states § +
e Evaluate moments from the fitted
D** maSS distribution: <mnD**> °oi| ' 'olz' ' '014' ' 'nls' ' 'uls' ' 1‘ - ‘112' Ny
M(D“n)=M(D™) (CeV /™)
" DOgt DELPHI " D*n- DELPII
4 MeV resolution ) 50 s Dan ) 25 > Dae
G, 00 W Signd “, B[ B Signa
for completely 3 Background 3 | Background
reconstructed D « g” 3 gm
Plus 4/15 MeV L £
smearing for i3 °
missing =0/ y wh N
°o_'ﬁolz I%? °E".""" *

o4 os o8 1 oh o os 1 iz
M(D*)—M(D°) (Cev /<) M(D*a7)—M(D*) (Cev /™)
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Moments of hadronic mass distribution
in b semileptonic decays (V)

* From the fit:

.
with broad D;” dominant contributing channel 7 GS(Z;/OQ/]/
)

* From the measured <m",..> and using:
<mnH>= pD mnD +pD* mnD* +pD**<mnD**> pD**Z] _pD_pD*

derive moments of hadronic mass distribution:

M,= <m?;- m?5> = 0.534+0.041+0.074 Gev/c?
M,= <(m?, - m?5)?> =1.51£0.20=0.23 (GeV/c??

M, '=<(m?;- <m?,;>)°>=1.23+0.16+0.15 (GeV/c??
M;'=<(m?;- <m?,;>)3>=2.97+0.67%+0.48 (GeV/c?)3
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¢ Moments of lepton spectrum in b s.I. decays () >

» Select Z°—bb events » Tag leptons

with b-tag algorithm muons (p> 2.5GeV/c)

» Reconstruct the B system: electfons (p> 3GeV/c)

+ E (B) = E (vertex) + E () +E (v)

Charm vertex / iSSi |

from missing
reconstruction with energy :
iterative procedure AE,=3.2 GeV **|

anoo

2000

<> B direction from B reconstructed
momentum and B decay flight direction

1000 |-

01 I]TS I]S 025 I] I]ZS I]S 0.75

K, /&, (gen)

» Boost lepton in B rest frame
AE*|epton = 250 MeV
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Moments of lepton spectrum in b s.l. decays (ll)

: b—>clw 1 bh—c— v
o E e g

. . . . B8 ErriiammiiiizammmEL | U E Liiioiiiiiiiii.
Without introducing a bias to £ ¢ EEFEEEEEEE‘EZ A SEEEH FEFESTHIEEY
Cthe lepton energy distribution p 0% £ 1iEgRaZiiEasSggs | 06 o lliEBRIIiiiifiii’
E’"‘D.5 E. .- -mEfsccsoEEalE 0.5 E--coofdddcccomoooa-

) ) O 04 F. ) aEmmamnansmms 0.4 ). QfHcn-ccaoaaa;

Use combination of 2 sets of G o3| LIgEIENIIINE) o - ERELEE
probabilistic variables based on: o1 [ @ iiiiiiiiiiiiie|oen biiEgRsaiRsces:
h I . a 02 04 08 08 1 ] 02 04 0B 03 1
-C arge corre ation Topological variable

- Event topology
Anti-tagged sample Tagged sample

% 400 —_ 300 =

S I 3

o o950 auo ;—

-'% 300 _— 7u0 i_

] i BO0

250 — -

|:| - 500
_ 200 — -

b—)C f V | 00 :_
bsc— ity 150 | =

B bocosrv - e
[(Jc—>r-v e 200
O misid. leptons so - @ . 1o B
- = b3 C

B decays o Lam . . o o F
] 1 z 3 ]

E* (GeV)
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Moments of lepton spectrum in b s.l. decays (lll)

measured spectrum,
o background subtracted
. 2000
K Unfold resolution effects 0 1750 e
to get original spectra & % IJ :
(i
1000 '|=
Ta0 ij-_J 3‘
* Correct for: 500 IS -
e.m. radiation S e

b— u /v contribution
B, and A, contribution o
= 1-3 MeV shifts >

250

unfolded

spectrum

200
150

vk 18,300 electrons+ muons 100
from 1994/95 data 50

a 0.5 1 15 2 25 3

E | (GeV)
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Moments of lepton spectrum in b s.l. decays (V)

v Stability of the result checked wrt e/u samples and different
working points

Preliminary systematic uncertainty from:

¥ Monte Carlo modelling: By,B,,A, fractions; D,D*,D** fractions,
b fragmentation

v Background subtraction (controlled with anti-tagged lepton sample)

v Unfolding procedure and lepton energy resolution
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Interpretation of the measurements

Moments of hadronic mass spectrum and of lepton energy spectrum are
sensitive to the nonperturbative parameters of the Heavy Quark Expansion.

At order 7/m,2 = A, Ak, (0,=0.12 Gev3). At order 7/m,3= py, par Ty,

Two different approaches have been followed in this analysis:

n 2
my (1) Mg pD pLS
M, =———¢,(r)| 1+ 4,.,Ar, ,u)+ B(r)+ C(r)+ D(r)+ E(r)]
2 [ g m a» mi()  om () m ()
with: ) Mass PE ﬂGz o002 = p S3
e A . . Moo — _Ha _Pp ~Pis _
o ewansion: el =Map A= =Sl O
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Constraints to A, and A from
first and second moment of
hadronic mass spectrum and
lepton energy spectrum

A =(0.44 £ 0.07 (exp.)
+0.07(1/m,?0.)) GeV
Aq1=(-0.23 £ 0.07 (exp.)
+0.08 (1/m,?%,0..)) GeV2
/

/

P,=(0.-0.53) GeV3
p,= T:=(-0.53,0.53) GeV3
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Constraints to m_(1GeV) and p 2

Use the correlation
between m, and m_:

12

Fix bottom mass from
external measurements:
m, = 4.60 =+ 0.05 GeV

n.2 (GeV?)

0.4

and extract m_:

,M m.(7GeV)=(1.19

0.6

_ ; 1/
_ ! /

| ’Tf’f +0.07(exp. )

o / oy +0.07(m,)
// / / + 0.04(p,?) ) GeV

1 1 1 1 1 1 1 1 1 1 1 1
0.4 1 1.2 1.4 1.6

m (1 GeV) (GeV)
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CONCLUSIONS

2 Measurement of the first three moments of hadronic mass
distribution and lepton energy spectrum in semileptonic b
decays at the Z° has been performed for the first time.

x Comparison with calculations for non-truncated spectra are
satisfactory

2 Constraints on non-perturbative parameters
of Heavy Quark Expansion have been derived
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