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4+ ALEPH new measurement

+ DELPHIL3,0OPAL

+ b — €75 X lepton spectra modelling
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+ LEP global fits

4+ Comparisons with T(45)
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# Most direct route to |V,y)

+ _iﬁ?nnﬁammaluﬂggaﬁggg
and experiment — more significant tests

#+ Longstanding differences between Z° and T(4S) mea-
surements

+ Iggﬂfﬁwﬂ.gggg

4+ Probe of strong-interaction effects

BR(b — ¢ — tty, X )

4 Main background to the direct decays
4+ Important input to HF measurements, eg asymmetries,
oscillations
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ALEPH Charge correlation

[ ’t
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ALEPH Inclusive Semileptonic BR(b—1)
Qnemi from weighted charges: IS A,
e Mﬁﬂw.«\m&h. momentum || to thrust
4+ £g;5%3/55%3, ip. significance ALEPH lept Pt Lj.i| 10.92:0.07:0.16 5
ALEPH lept+Qoorrel T.il* 10.39:0.11:0.30 5
P,: probability of correct “Q," - from data >195) i
by double-tag method _
average of above 2 .TQT_. 10.55:0.09:0.24 ),
| L] 105 1n 1.5
El..l.ﬂuv!n
€
= " O0-F)F xFP"T (1 - FP)V |zun..
e Ao faaln— |
charge (P) charge (J) ,.l.....IE\

Fit numbers of opposite(same)-charge events 2&15; to expected fractions 73 , & (1 - F3 4),

%ﬁ&iﬁ??ﬂ:&ﬁ:iﬂa*gtﬁg

Compositions estimated from Ry, R.. €. and €,4, and data fractions of hemispheres tagged.

{
from simulation
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DELPHI BR(b — ¢~ i5X ) , four methods =

single lepton + di-lepton fit:
single-lepton:  (p,pt)
di-lepton: like & unlike-sign (p"*" . p***)
single lepton + charge correlation fit:
k* :  p'P* in b-hadron rest frame
Ao = Q- Qp: correlation between opposite hemispheres
muon multitag fit:
(p.pi" . p¢"*) : deconvoluted yu spectra
inclusive reconstructed b 4 charge correlation
Same jet fits of like & unlike sign k*

DELPHI Inclusive Semileptonic BR(b—1")
T =TT

DELPHI lept +di-tept ...._+..'_|. 10.7810.1110.26 5y gy

DALPII gt Qrorred - 1 10.78:0.1420.29 43

DELPWI ) multng +H+ 10.69:0.1140.238 7,
DELPHI recemeQeorre! —|‘H‘|' 10.7510.1540.28 100

average of sbove 4 _}_H_I 10.7340.0840.22 5,
TURTRORFRM—! PPPPP |

4+ Consistent results for all methods
4 Correlated modelling systematics prevent large gains
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DELPHI Single-lepton + Di-lepton spectra

Binned likelihood fit to:

+ single-lepton: p and p; § | ditepion same charge = (©
4+ di-lepton: p™" p"®* charge correlations & 00 : Feim T
pe = VT + /100 i B s

100 C notb

W—n? "5 X) %o us & mu 25 3 35 4

b —=c W : - GeVe
Vields: gAO - C — N._.-\nku . Pe __
BR(b—¢— X Simulation spectra re-weighted to fit results.
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L3 Double tag determination of BR(b — (- 1,X ) and R,

%igb{g%vp

GeV p'?* > 3 GeV) tags t.t":
N
NI_1| = Mm_f.nf&lmﬂ.ﬁnuﬂufg
N,
N : i AMYMN?J.H + Av,&.mﬁmw . ﬁi?ﬁ“&
Vhad
J_f = Rue, + Re€, + Ruas€ias
2N}od
Ny
— = R, 2+ Re€.? + Roastid,
p)_ﬂ?.ﬂk_
Ny p
§+ = & Ruen€), + Reece, + Ruas€uds€oas
Rue = (1-Re—Ry)
5 tl
Global fit to five observables yields (/2,,, ¢, ¢.) m
Linear dependence of <. on BR(b — £): m!

.,...
-b

4+ lepton efficiency < obtained from data
+ 1, & ¢ stat. correlation -0.72
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& ™ + 0.5444 [BR(b — ¢) — BR(b — )™
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OPAL b — €, X modelling studies

For NNy > 0.8, purity of b — £~ X ~ 93 %

Unable to exclude models, but:

agreement with ISGW** ISGw2**
4 ISGW preferred over ISGW?2

4 Collins & Spiller fragmentation disfavoured
+ ACCMM?* (ps,m,) fit yields: et

4 Best

Shemcn Blyeh

Py
me

yrme) for ACCMM®

: EﬂE

ISGW | ISGW** | ISGW2 | ISGW2** | ACCMM*

number of enirkes / bin
.lttll

NN, ouipat

number of entries / bin
SEEEE

0% a%m |

837 + 143 + 1327 e MeV/c
1287 + 100 + 8712 MeV/c?
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Inchusles bSuadron eeelleptonic decoy 8t LEP and extraction of |1 o8] (12)
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OPAL distinguish b — £~

X &b— ¢c— Yy X from backgrounds with 2 NNs

._
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b — €~ iuX lepton spectra modelling

# Reweight to various models according to p'“? in rest frame of B.
Conve .mﬂvn:ra riﬁ&aﬂ%gﬁi!g

central ACCMM  p,=298 MeV/c, ?153 MeV/c? [tuned to CLEO data]

~1lo  ISGW** Biﬂlai&nug:om_mninogﬁ!

ISGW?2 ISGW revision with HQS constraints+... (predicts 9.3% D**)
ISGW2**  ISGW?2 with free D** fraction

ACCMM*(p.pe:ps.m,) fits to (p.p;) yield: o2t _

pr=286+18 fixed m. = 1673MeV/c

pr=213+17 no p; cut M _+1ﬂ_
py=288+20 with p> 4 GeV s |

p; =272+ 13 without lifetime tag E

Good agreement of unfolded spectrum with fit result: Pt in b-hadron rest frame
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ALEPH b — €~ 7 X modelling studies

e ) BRI
BDlb 1952027
G-Dl 50303

oa..wu_n::

Spectra uncertainty from:
4+ measured BR uncertainties
¢+ D* & D%x

Inflate by 25% for B2, A,

Uncertainties cf. prescription:
4+ Pe - ﬂ—mﬂ?ﬂ-{ reduced
4 Q-correl - larger

Spectrum reweighting compared to fraction reweighting.

0.06

001

-
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. ..u.u
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Lepton energy spectrum in b-hadron rest frame
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LEP BR(b — ¢~ 17X ) results and global fit 32

Global fit to Z° HF results performed by LEP+SLD EW-HFWG:
Ry | BR(O— £~) | BRb—c— %) [ BRe— £7) | X_

4 Common input parameter values and systematic defns used by all
measurements (or small corrections made to achieve consistency)

4 Well established B.L.U.E. combination accounts for
interdependences and correlations between measurements

Inclusive Semileptonic BR(b=>1")

ALEPH avg
(91-9 4 Prel. Ossbos 88

DELPHI avy
(9] ¥ Seben. ET) (108

L3 double-tag
(S9SN EPS C11 47109))

OPAL Neural Network
(9309 EFF) C1.3 125(000)

LEP global Mt

IFWHFWG Prel Onshe 889

L]

M

t
fHt

H

A L

|
95 10 105

11 1.5 12

BR(b-I) (%)

10.5540.0940.24 53,
NEW REBULTY
10.7320.0840.22 5y,

.28
10.16£0.1320.23 355

10.8310.1040.20 5

-4 A1l
10.56£0.1130.13 3,

Uncertainty split into: stat., syst. & modelling (b — £~ b — ¢ — )
4+ b — [ modelling uncertainty dominates for all measurements

Shemcn Biyth
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LEP BR(b — ¢ — *vy X ) results and global fit . 33
Global fit to Z° HF results performed by LEPEW-HFWG:

Cascade Semileptonic BR(b—¢—I")
I L] I
ALEPH avg M 8.0410,1420.24 5,
91-95 0 Prol. Onabn 08)
NEW RESLLT
DELPHI avg 7.91£0.20£0.29 3
(9199 (Suben. KP) (100))

(93-95MEP) C13 225(00))

OPAL Neural Network H 8.40£0.16+0.21 ﬁ

LEP global it H 7.98+0.1340.14 50
(EWHIWG Prel Owba 88)

Uncertainty split into: stat., syst. & modelling (b — £~ b — ¢ — £%)

4 L — [ modelling uncertainty dominates, but significant addition
from b — ¢ — £

DELCO+MARK 11l ACCMM fit results used for ¢ — £ modelli
+lc  ACCMM2 p;=353 MeV/c, m,=0.001 Ge
central ACCMM1 p;=467 MeV/c, m,=0.001 GeV/c?
~l0 ACCMM3 p;=467 MeV/c, m,=0.153 GeV/c?

For b — ¢ — £* the CLEO b — D spectrum (modelled with Peterson
e = 0.42 + 0.07) is used with the three ¢ — £ models.
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Differences between Z° and Y(4S) measurements of BR(b — ¢~ 7,X) 7

ﬁ 5 | Assuming I's.(A9) = Isi(b — meson) = sy (b — hadron):

a._snnoo_,a

wmera ~ (fporge + fp-78- + fu.78, + fa, ™) s . 0.097 + 0.012
~ ThisL —
T
mwmrﬁg = A\Wﬂﬂ.ﬂb + .ﬁ.ﬁl Q.Hin.m-.. = .__-HH..WF. ” % H MMW“ ”
f, = i M 78-) _ 1.021£0013 (1)

0.76 = 0.11

0.77 £ 0.03

4+ Agreement between 7 and BRg, ratios supports | 5, equality.
4+ A 15% deviation from width equality, propagates to =~ 1% effect on BRgy, :

BRE, =~ éﬂm; + fan A Lo (A}) _v_

st A@ ng

(1) Private uncorrelsted combination of WG results
(2) P. Gagron. Tampere®® avg of OPAL & ALEPH
{}) EWHF and Lifetime WG Osala updstes
(4) Private uncorrelated ratios of WG results
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N. (=~ 1+ Ng — Npo—c) vs BRy theory comparison

. - Ly _
Related by: BRq = 2L (0)+Tai(r)+T (ccs) + T(cud) + T'(sg)

Consistency of T(4S) & Z° results 1.35
A BRgy = 1.4 — 1.60: 13
1.25
1.2
1.159 £+ 0.049 (4) 1.15
1.171 £ 0.040 (5)
(see talk by Gary Barker) 1.1
1.05
(1] EWHF WG Osaba updste
(2) Private uncorrelated f+ Correctson
(3) PDGSE - ARGUS & CLEO . ' . . |
&) P Roudeau Onaba of CLED ndd. & =i
ﬁﬂ:lll”bl..“tiﬁ:g 9 10 ._H. " moﬂ.«“__—._. 13 14

Depends on mass ratio m,./my & renormalisation scale u
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Extraction of |V3| from BR(b — ¢~ 34X )-BR(b — ¢, X,) and 7,

Heavy quark theory (my >> Agcp) implemented through operator product expansion (OPE)
provides I'(b — £~ 7, X,) in powers of Agcp/my, giving:

N BR(b — £~ X.) 1.55ps pZ —0.5 GeV?
V| = o.E_J\ = - xA_ 98; 53 GeV? x

(1 4 0.030(pert.) + 0.020(my) £ a.ﬁksﬂw (12 = (pd)]

—

inflated x2

I.1.Bigi, M.Shifman, N.Uraltsev, Annu. Rev. Nucl. Part. Sci. 47(1997) 591.

BR(b — £ X) (% 1056 £0.11 £ 0.13F 0.11 Global fit, LEP+SLD EWHF WG
BR(b — £~ 7 X,) (%) 0.174 £ 0.057 Charmless BR, LEP |V,4| WG
Average b-hadron, 7, (ps) 1.564 + 0.014 LEP+SLD b Lifetimes WG

nel — (40.70 £ 0.41(br) £ 0.18(7) £ 2.03(th)) x 1073

4 Most precise measurement - 5 % theory error dominates - consistent with exclusive result

4+ Outcome of theory workshops instigated by |V| & |V, WG's was improved confidence in
these theoretical uncertainties (1.1. Bigi, UND-HEP-BIG-99-05)

~ CERN-EP-2000-096/ SLAC-PUB-8492

and forthcoming summer ‘00 update

Lo Byt nchumive biuiiron senllegtonic decavs st LEP aed extraction of |17 o8] (18] ICHEP2000, July 19



Conclusions

BR(b — £~ 7,X) = 0.1056 & 0.0021

4 Includes preliminary ALEPH results -
DELPHI,L3,0PAL published

4 Differences between Z° and T(4S) at 1.50

4 Recent progress on lepton spectra modelling

[Vip| ™ = (40.7 + 0.4 + 2.0) x 10~3

4 Most precise measurement

4 Theoretical improvements would be welcome !
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