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Outline

» Introduction
» b-physics results from DELPHI/LEP

& b-hadron production/fragmentation properties
=» production fractions
= b-fragmentation function
=>» spectroscopy

& CKM related measurements
= Vcb in exclusive decays
= hadronic and leptonic moments in semileptonic decays

“The focus will be on recent measurements and measurements which will
still have significant weight in combined results even compared to results
from the b-factories and/or the TEVATRON
(some other results will be briefly summarised)

“No electroweak physics covered in this talk (e.g. asymmetries)

LEP 1 data taking ended 1995, but because of improved reprocessed data
sets and analysis techniques many final results are published now!
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Topology of b events at LEP

e"e"-»7°-bb BR(Z°-bb)~0.15

hemisphere 15 hemisphere 2

! fragmentatio > Almost 'monochromatic

5 tracks b-hadrons
» uncorrelated production in
two opposite hemispheres

— » measurable flight distance
SV = Vertex-detectors

> Vs> m,:
Production of mesons
and baryons in
primary event ground- and excited states
vertex

+ Particles from b-decay well separated in two hemispheres
- additional particles from fragmentation spoil B-reconstruction

B-decay tracks

=>» similar to hadron colliders, but contrary to Y(4s)-decays

LEP | = 1.6 million b-hadrons per experiment
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b-hadron production

» 'Branching ratio' of the b-quark into different b-hadrons?
=>b-hadron production rates

» Energy Spectrum of the b-hadrons?
=>b-fragmentation function

» Which states? rate? Properties?
=>b-spectroscopy

» Very important for physics at hadron-colliders where many
measurements can not be done with similar precision!

» Important systematics for many measurements in the heavy flavour sector
(e.g. oscillations, CKM elements, lifetimes)

» Universality?
Compare b-hadron production properties for different
environments (€ e, pp, ep)

» Some measurements easier for bottom than for charm because of large
uncertainties on exclusive BR
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The fraction of charged b hadrons: f+

First (and only) direct measurements of f "=BR(b— X, )=BR(b— X_)

> f g can be extracted with small additional uncertainties from f -

Basic Ildea: Reconstruct charge of weakly decaying b-hadron

Neural Network to define probability P that a
charged particle stems from a weak B-decay

Define Vertex Charge -
, DELPHI

Zu 1 Q 104—-

ot
r

Weak b decay

o e ey b e by e b e by [
0.

and 'error’ |
10° ‘Fragmentatio
\/ I\Ihem
— Z B i 1 I:)B |>
- 0.1 0.2 0.3 0.4 05 06 0.7 038 o 11
0 NN output PB
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Results
500 DELPHI , 4 daa

4000 - — fit result

3500 fy, —0

3000 Foh — -

2500 - o 1

2000 -

1500 -

1000 -
500 -

entries

f "=(42.09+-0.82(stat.)+0.89(syst.))%
Subtract charged =, baryons:

f 5 =(40.99+0.82(stat.)+1.11(syst.)) %

Combination of b-fractions
data (direct and indirect) from
LEP and CDF:

Assumptions:
> f(Z-decays) = f(TEVATRON)

HFAG Winter 2004:

f5.=(10.5£1.5) %
f o baryon=(9.921.7) %
fg="fp=(39.8:1.0%
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b fragmentation function

» testing perturbative and non-perturbative QCD

» precise measurements at LEP and SLD sensitive to the shape of the

fragmentation function

» iImproved NLL calculations + soft gluon resummation for perturbative part

» significant uncertainty for many measurements in the heavy flavour

sector

» Important input for hadron colliders (e.g. total b cross-section)

f (Z) _(E—|— pl)B bottom

arbitrary units

up+down

\....Strange

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
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Experimental methods

2-E
Experiments measure Xg= \/_B where X, can refer either to the
S

prim Weak>

primary or weakly decaying b-hadron (Xg ,Xg

Several analysis methods:

» inclusive leptons from semileptonic decay:

large statistics, but [imited by model uncertainties; poor sensitivity to shape
=» obsolete; not used anymore!

> semi-exclusive decays B— D"*'| v (ALEPH):
low statistics but better energy estimate; but: uncertainties from final state!
only sensitive to B-mesons for these final states!

» Inclusive analyses (DELPHI, OPAL, SLD):
OPAL, DELPHI: huge statistics, worse resolution =»systematics dominates
SLD: lower statistics but excellent vertexing possible
=> better resolution, stat. ~ syst.
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Results

o 4
><
<
Z 355 - ¢ ALEPH, (Dﬁ%ep%% 2001 ALEPH:
z _ (Xp)=0.716+0.006+0.006
> 3 SLD, (inclusive) %
i | | o 4 DELPHI: (preliminary)
2.5 ; A DELPHI, <\WC‘US\\/@>, pfe\\mmgfy ﬁ %-( <Xweak>:O-7l5&O-0007_00049
L 1 T B 0.0052
2 } o OPAL (inclusive) @_ @*
: e OPAL
1.5 -4

& (XE¥)=0.7193:0.0016 33%%°

SLD:
05 |

(Xp)=0.709+0.003+0.004
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Model tests

DELPHI: fit model parameters to unfolded distributions .
(preliminary)

rm .
XBIO

o

rim rim
XBIO XBIO

w

symm. Lund Lund-Bowler Peterson

N

[EEN

o

weak weak weak
XB XB XB

w

symm. Lund Lund-Bowler Peterson

N

[EEN

o

oIIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII
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» LUND and Bowler give best description of the data,
better than e.g. the Peterson model, which has been invented for heavy quarks!

» similar ranking seen by all experiments

» but: strictly speaking only valid for the generator (pert. model!) used;
(however: using a different perturbative model does not change the picture)

» possible to extract non-perturbative component in moments space
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B hadron spectroscopy

HQET: Heavy Quark as static colour source; light degrees of freedom decoupled
from spin of heavy quark — - e e
. . S®@l— 147 S® ]
-> SQ and jq separately conserved
=» Grouping in Doublets with same jq (degenerate for My—o0 )

L | jq | J" | state | dom.decay mode | orpital excitation I=1: B**
0] 5|0 | B 1/2

1= | B* | By o= 1912 3
1| % 0" |B: Br  (s-wave) ® q o L

: broad 70

17| |Bj] | B*m  (s-wave) J=5® ]q %2:
1|2 |17 | |Byf | B'r (d-wave) 1

o | pe| | o (Gllwrrow

T (d-wave
B (25*) ) ~similar fof D-mesons
J

> similar for B.* ,but B:*—B."'w forbidden (Isospin!)
2 B.*-B'" K dominant (if above threshold)
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Experimental Status

| M((B*™)[MeV] opx= [0

»Inclusive analyses from :

all LEP Collaborations OPAL incl. 5712 + 11 0.22 + 0.05
>/§XLCE'gﬂve analysis from DELPHI incl. 5734+ 5+ 17 | 0.26 £0.02 £ 0.05
. . . . ALEPH incl. 5734 + 3 £ 16 0.14 £0.01 £ 0.03

Semi-exclusive a(rlelyss

from CDF (B—~D1 X) L3 incl. B3 :5768 £5+6 | 0.32+0.03 & 0.06
Different assumptions to . )
estimate masses and rates! CDF semi-excl. By : 5710 £ 20 0.22 +0.05 £ 0.02

ALEPH excl. B : 573978, 7% | 0.2540.071952

Some numbers recomputed (adjusted inputs etc.)

> Masses in reasonable agreement
» Rates not very well consistent (Interpretation?)
(Systematics from background-modelling dominates inclusive analyses)

Open Questions:

» Composition of signals? Isolating the narrow doublet?

> Broad states?

» Mass-hierarchy ('Spin-Orbit Inversion')?
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Principles of the measurements

B BC]|< " (b_d) — B " 7T N +++M +++H+ LA +++++++M+ +++ ++++++
3000 b _b
0) 0 ’
— B

B *(bu) - B m’

+ 0
— B 1T

01 02 03 04 05 06 07 08 09 1
b'flavour tag b production tag P,

» inclusive reconstruction of weakly decaying B-meson
» add pion (kaon) from primary vertex (strong decay!)
> analyse Q-value: Q=m(B""'7/K)—m(B"™*)—m(n/K)
> exploit correlations Q_, < b-flavour

QT(/K And QB

to define 1) B,"/B," enriched samples
2) signal enhanced/depleted samples
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Analyses

'High Efficiency' Analysis:

» aim for optimal background control

» fit background on data

» only very limited input from simulation

'‘High Purity' Analysis:
» aim for optimal background suppression

B kK 1+ B ko > use of Neural Networks
c d u » background from simulation + correction
2 80 92-95 DATA N
= 600 [ . ) , \* _
right-sign ‘(6\(\9* B KE B( * ) + —
400 - A\ C d
~ O ™ N DELPHI
; DELPHI \ \ \ \ - > i_ J[ lright_Signl o0 i_
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 500 f_ . 500 f_
Q[GeV] - - 'wrong-sign'
;.5) 400 :— 400 :—
ST 300 [ 300 [ +
: . i . -
wo L wrong-sign - w0 £ e
o | 100 | 100 |
N 0 :| | ||| 0 ."‘ |||Jr -
0 < 0 02 04 06 08 1 0 02 04 06 08 1
Q[GeV] Q[GeV] Q[GeV]
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Results and Interpretation

For a Gaussian component:

'‘High-Efficiency’ ‘High-Purity'

Q=292+3 (stat.)+12 (syst.) MeV /¢’ Q=286 3 (stat.)+ 3 (syst.) MeV /¢’
o,=46+5 (stat.)+3 (syst.) MeV /¢’

o=45+4 (stat.)+4 (syst.) MeV /c? o,=57+6 (stat.)+4 (syst.) MeV /c”

0(By )+o(B, )=O.122t0.014i0.018 0(Bg )to (B, )20_14310_0141—0_018

Ob O

PRELIMINARY!
» narrow resonances = 3 narrow peaks

B, —>Bm,B"m leads to shift AQ~46MeV
hyperfine splitting within j=3/2 doublet N%A m(D, —D,)~12MeV
& can't be resolved with the experimental resolution!

» parameter for narrow resonance compatible with experimental resolution

=» suggests interpretation as narrow states
= small mass splitting within doublet and small contribution from
B,— Bm favoured
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B**

S

> replace pion by kaon
— low production rate, kaon-identification
+ charge and flavour correlations work better

DELPHI

+

entries/2 MeV
o
o
T

100
80
60
a0

20

Q[GeV]

\ \
0 0.05 01 0.15 02 025 ,03

(Q)=76.3+3.2+4.7MeV /¢’

(B *)BR(B.*-B""'K)

Op

PRELIMINARY!

» parameter for observed resonance
compatible with experimental resolution

» no sensitivity to broad states
» what is seen?

a) By,,B,—B"K

b) Bo,—BK

140
120 -

100 -

0 1 S Y B [
0.05 Q1 015

o F
H :Bs -Net

Signal K I

=0.010+0.002:0.003

= suggests interpretation as narrow state. '

40

20 -

1:1
35

state countin

spin counting

dJ

0

3

QGeV]

The final word from DELPHI on b spectroscopy is expected this summer!

C. Weiser b physics at DELPHI/LEP

DIS 2004, Strbské Pleso

15.04.2004



The CKM matrix

Vud Vus Vub — 1
Vcd Vcs Vcb 081
V V v O AmJ/Am,
W Vi Vi :
0.6 |
2 3 . 0.4 - %;‘& €k
1-2A°/2 A AX(p—in) [ ,
~ —A 1-A%12  AX° 0.2 | .
3(1_ H_i — 2 :\\l\Elw ‘\H‘\‘Bm”‘
AM(1=p=in) —AA 1 01 08 -06 04 02 0 02 04 06 08 1
P

Contributions from LEP helping to constrain the unitarity triangle:
>Vub In semileptonic b decays (hadronic mass)
>V , ininclusive and exclusive semileptonic b decays
> A M, from time dependent BO oscillations
» limits on A m,
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Vcb

|
Semileptonic B
b decays 1%

L4
L4

b V(; C

BR(b—cl v
Tp
= precise measurements of lifetime and semileptonic branching ratio needed

1) inclusive: TI'y(b—cl v)= )=|Vcb|2° f theory

= uncertainties from f can be reduced through dedicated analyses

theory
2) exclusive decays: B°>D*"| v
) y d 5 0@,
BoD*l v) G2 2 _
B LT PV WP w) K () I =1
dw 481 S, ; (‘zero recoil’)
/ vy _Mg+my.—g b
my—ow: F(w=1)=1 50T 2mgm,.

g.
corrections: F (w=1)=0.91+0.04 d

C. Weiser b physics at DELPHI/LEP DIS 2004, Strbské Pleso 15.04.2004



V ,, exclusive

?% DELPHI Combination:

400 1
350 |

- [
300 IZI

*+
D X ALEPH

a_IQe leptons + .
ombinatorial 386+ 21+ 16
OPAL (partial reco)

385+ 12+ 24

OPAL (excl) :

391+ 16+ 23 H————
DELPHI (partial reco) i

369+ 14+ 25 Pt
BELLE !

363+ 1.9+ 1.9 ——=9

CLEO

433+ 13+ 18 ; ———+—i
DELPHI (excl) :

387+ 1.8+ 22 b L

BABAR |

.
.
.
.
.
.

Events/1.07 GeV?
= N N
o
o

339+ 02+ 11 —e—

q2 (G ev 2) Average :
Combined with 'soft pion' analysis: e .
L, |[EERE
1)-|V Cb|=(37.7i 1.1+1.9)-10 nior 1)

Slope at zero recoil: p2=1.39iO.1Oi 0.33 25 30 35 F(l) x V.| [i'g 3]
BR(BS—>D*"| ™ v)=(5.39+0.11+0.34) %

> IVEISERESE2Sa T TGIOT - (1) worciaive eror
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Leptonic and hadronic moments

V 4 from inclusive semileptonic decays: O.P.E.:

_ Grm; (BlO4B)  (B|O¢B) 1
I'y(b—cl v)=N [ ———2[c,(B|04B)+c 2 t+c L0 (—=
sl( ) | b| 1927T3[ 3< | 3| >/5( mﬁ 6/ mﬁ (mﬁ)]
2 2
Hre s Ho Pls:Po

non-perturbative parameters (‘kinetic mass scheme'):
m,, m

'pole mass scheme':

C
Parameters

/J72T : Kinetic energy of the b-quark inside the meson _
2 ) ) * o A’Al’AZnOl’pz
Hg chromo-magnetic coupling (B~ — B mass splitting) _

relations e.g.

3 : . . _
Ps: spin-orbit interaction A & my

2
p3 - Darwin term Ay & py
D

Moments of the lepton energy spectrum and hadronic mass spectrum are
sensitive to these parameters = reduce uncertainties using experimental input
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Lepton Moments

at LEP: sensitivity to the full spectrum; no momentum cutoff!

» Inclusive reconstruction of the accompanying hadronic system
» discriminate against background from cascade decays

[} = 1
£ 09 E. .. . a@eec-omsmamm- 0.9
2 08 i"':=I="':====F: 0.8
o O EEEERN
> 0.7 -mlE EEEELE - 0.7
© 06 £l mEs--sasaEmm. | 06
505 F llaigmas-sasammE- 0.5
504 F llaigmscssanamma- 0.4
03 & laEmziiiimsaEErl 03
02 F " llpEuiiiiainan 0.2
(O I = 0.1
O E, ‘ ‘ ‘.‘....‘.. | O

L1 [N LN 1t 1t
0 02 04 06 08 1

>
8 400 - 900
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o 350 - | 800 |
=~ |-
wn [
€ 00 L 700 F
0>-> r
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250 -
500
200 -
400
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0 1 2 3
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0 1

at DELPHI/LEP

BG subtracted
g unfolded
(o] 0.5 1 1.5 2 éfl(cse\/;

= first three moments: PRELIMINARY!

(E,")=1.383+0.012+0.009 GeV

(E—(E))?)=0.192+0.005+0.008 GeV *

e een ((Ef—(E))?=-0.029+0.005+0.006 GeV*
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Hadronic Moments

0.25

DELPH| DELPHI

Mass spectrum g5

of hadronic ; :
D" system 0 ¢ 02 |
L e Dat [
(resonant + % 25| - gZS‘m 0.175 |
non-resonant) E : =1 Background O
using s 00 277
exclusively 2 5t gO125
Lo C
reconstructed o i 041
* [ - L
D( | decays 10; 0.075 |-
5 * 0.05
00 "02 04 06 08 1 12 14 0.025
M (D"*10)-M(D"*) (GeV/c?) 08 "2 22 24 26 28 3 32
M., distribution (GeV)
Fit for composition of the hadronlc mass
: |
spectrum, e.g. for the broad D state: Moments: PRELIMINARY!

BR( Bd—> D, "1™ v)=(1.24+0.25+0.27) % M ,=(m5 —n§_§)>:o.647io.046¢o.093<eev /c?)
2445+ 34+10) MeV /c> M ,=((mZ —m?)?)=1.98+0.23+0.29(GeV /c?)*
op ~(2HSESEAOMENTE (w2 =1.56:+0.18+0.07 (Gev /'

(234+74+25)MeV /c’ M, =((m;—(m3))*)=4.05+0.74+0.31(GeV /c*)°

Q
HB
||

1
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Parameter Fit

M(E)
Fit 3 lepton moments and 3 hadronic )
moments (M ,,M,"' ,M;," ) m,,u. scheme

\\ Fit moments theory
m, (1GeV )=4.570+0.082+0.010+0.005GeV

m.(1GeV )=1.133+0.134+0.019+0.020GeV

1> (1GeV )=0.382+0.070+0.031+0.020GeV °

\\ ps(1GeV )=0.089+0.039+0.004+0.010GeV °
2 3 .
(Ug,p s constrained)

H (GeVY)

" PRELIMINARY!

M, (M) Ms(My) M,(E,)
Implications for V , :
V o|=42.4-(1+0.015+0.014+ 0.01‘5\)~ 10°°
=xpt: Ifi:gﬂ]mLeéER Momernts fit Theory
(= 0.010 for
all data)

In good agreement with B-factories!
Compare hadronic moments wrt. lepton energy cut!
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C. Weiser

V , Results

ALEPH

412 +0.67 +0.71
L3

5.70 £1.00 +1.40
DELPHI

Q

LEP

4.07 £ 0.65 + 0.61
OPAL

Q

400+071+0.71

CLEO (endpoint)
411 +0.20 £ 0.65
BABAR (endpoint)
4.31+025+0.79,
BELLE (m, - Q)
4.63 +0.45 + 0.63
BABAR (m,)

5.04 + 0.37 £ 0.65

BELLE (endpoint)

Q

s B factories

3.99 +0.20 +0.73

Average
457 +0.61

‘ Winter 04 \

X/dof = 5.7/ 4 (CL = 22.1%)
T | T

2

b physics at DELPHI/LEP

30

DIS 2004, Strbské Pleso 15.04.2004



Bs-oscillation results

» all LEP results now published
» LEP and SLD have roughly equal weight at high A m,

N
ol

World average: F\Wor
Am>145ps™
1

Amplitude
N

=
a1

| |
|d average
n + datat10 A 95%CL limit 14.5ps™
18.3ps*

-o- senditivity

[ ---- 16450
[ [ datat+16450
- [ ] data+1.645 0 (stat only)
e
,:r‘!:r o[
® ® (] o~

-4
7

sensitivity: 18.3 ps

LEP only:
Am>115ps™

sensitivity: 16.9 ps_1

1f
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllIllI

10 125 15 175 20 225 25

i

Am_(ps™)

From UTfit:
Am€[15.2,21.2] ps~* @ 95% CL
15 L
o measured at the TEVATRON! 0

Tob
b physics at DELPHI/LEP
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CKM Fit

UTTfit
= 12F
Performed by several groups 18 M, | ;M
0.8
er_ AM:
oaf P
02— .
oF
OZZ'E |UEM/}<||
CKMfitter 1 05 0 0 D
07 prnr T _
A am, KB sn(2B)=0.715+0.030
:\é in2 Wintelrt ;§0r4 E
o5 P13 ot e \\ -: €[0.65,0.78] @ 95% CL
= o4 [ . 5 N €k E
0.3 @3 :
2 — . B-pp E .
0 \ ; Good agreement for sSin(2p)
0.1 : E comparing direct and indirect
0 R PO B measurements!
-04 0.2 0 0.2 0.4 0.6 0.8 1

ol
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Summary and Conclusions

» LEP has contributed to many fields of b-physics, e.g.:

% b-production: b-hadron fractions
b-fragmentation function

b-spectroscopy

these results are important input for hadron colliders!

% b-decays: lifetimes
charm counting
semileptonic branching ratio

L CKM matrix: oscillations
Vch, Vub

& and many more not mentioned here!

» Last b physics results to be published this year

» Many results will still have significant impact in the future
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