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Ein wenig Geschichte

m Das b Quark im Standard Modell
4 Elektroschwache Parameter

4 Masse und Spektroskopie
# Lebensdauer
B B Mesonen und die CKM Matrix
B Semileptonische Zerfaelle
# Verzweigungsverhaeltnisse
4 Heavy Quark Effective Theory
* Vv,
* Vub
B Hadronische Zerfaelle und QCD
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m BOB° Oszillationen
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Elementarteilchenphysik
vor 25 Jahren...
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Dreiecksanomalien: #Leptonen == #Quarks
(genauer: SQ = 0)
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die Suche nach dem 5. Quark
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In 1997 Leon Lederman and his team sent
A 400 GeV proton beam onto a beryllium
[arget looking for a bump in the mmmass
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. Entdeckung des b Quarks
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Zwel schmale Resonanzen bel 9,47 und
" 10,17 GeV/c?
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DORIS (Hamburg) und CESR (Cornell) sehen
Die Y Resonanzen in e*e- Wechselwirkungen
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Y Spektroskopie
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B Physics at the Y(4S)
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P » 300 MeV/c

 “Continuum” production

s (cc) =1.3nb
s(gg)=2.1nb

e Assume equal production of B°B° and B*B-

f,/f.o = 1.04 +/- 0.07 +/-0.04

u 0
E B- candidate E Beam

2 2
o -
mbeam- constraint \/ E Beam pB- candidate

B Data sets
4 CLEO

% BABAR
% Belle
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High Encrpy Ring
lupgrade of exiting ring)

Both Rings Howsed in Current PEP Tuanel

Asymmetric beam configuration:
» 9.0 GeV electrons on 3.1 GeV positrons
= Y(4S) is boosted in LAB frame (By=0.56)
» 1.5 < p(B dtr) < 4.5 GeV/c in 2-body B decays
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A typical B Physics Detector

Instrumented Flux Return
(resistive-plate chambers) o
Superconducting
Coil (1.5T)
Particle ID (DIRC)
144 quartz bars
11,000
phototube
array
__ Electromagnetic
. (CsI) Calorimeter
. (6580 crystals)
90 Drift Chamber
(40 layers)
Silicon Vertex Tracker
(5 double-sided layers)
Vertex S1 Tracker
Momentum S| Tracker, Drift chamber
Photons EM Calorimeter

Neutral Pions
Muons

EM Calorimeter
Muon chambers in return iron

Particle Identification
dE/dx Drift chamber

p-K-p
TOF

RICH, DIRC, Aerogel
(Belle)
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b Production at higher Energies

m Higher cross section (—6 nb)

m B’s are moving
# Lifetime measurements

# Event selection
4 2 hemispheres
m B, B_, b-baryon production
*f,f 38.9 +/- 1.3 %
L 10.7 +/- 1.4 %
® fpayons 116 +/- 2.0 %
B LEP (— 10°Db’s per experiment)
m SLD (—10° b’s)
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b & c physics at hadron colliders?

Large samples of b quarks are available,
with the Fermilab Main Injector, the
collider will produce —4x10'! b hadrons per
107 sec at L = 2x1032 cm2s™1.

e*e- machines operating at the Y(4S) at L
of 3x1033 produce 6x107 B’s per 10’ s.

B, & L, and other b-flavored hadrons are
accessible for study.

Charm rates are —10x larger than the b
rate
Problems:

® S./s,: — 1/500 at Fermilab, 1/100 at LHC

4 Background from b’s can overwhelm “rare”
processes

# lLarge data rate just from b’s - 1 kHz into detector

# Large rates cause Radiation damage to EM
calorimeter; photon multiplicities may obscure
signals
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Characteristics of hadronic
| b production

The higher momentum
b'sareat larger h's R ——

-~ b production
0| peaksat large

.| angles with large
bb correlation
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B Physics Is quite popular

NUMBER OF B PUEBLICATIONS PER YEAR

5ﬂD | | | | | | | | | | | | | | | | | | | | | | |
i B o i
I o
i L &
1
400 — & —
I CLEO II e i
i l . _
300 | s ® ]
I o i
- LEP -
: 1 ® To :
200 2t P
I ® A i
| A A _
I ast I a?
~ Discover 1
100 — l Y . A Discovery — —
I . i
L . ® & & 2 . A N -
I AL, i
Du—:—: + Fy + + TI AT N T N A N (NN N T N N |

1975 1979 1983 1987 1991 1995 1999

K. Honscheid, Ohio State University (14)



I
Der Rest der Geschichte

1980
1983
1983
1987
1990

1992
1993

1994
1998

1999
2000

200x

ete  -> Y(4S) CLEO (CESR)
B Mesonen CLEO
Lebensdauer t, PEP

V, Ist Klein
BOBO Oszillationen ARGUS

Top Masse sehr gross

b->u Uebergaenge CLEO/ARGUS
V,, ungleich O

B, L, LEP

Penguin Zerfaelle CLEO

neue Physik?

Direkte Messung von

Dm, LEP

B, CDF

Seltene Zerfaelle CLEO

CP Verletzung BABAR, BELLE
(beinahe) CDF, LEP

alles passt und wir gehen nach Hause
.. oder auch nicht
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i
Das b Quark im Standard Model

m Elektrische Ladung

B Elektroschwache Parameter
+ V-A Strom
# Schwacher Isospin

B Masse

B Lebensdauer
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Oben oder unten?
(Top or Bottom)

i
! Die elektrische Ladung des b Quarks
|
|
Ro S (efe‘ ® hadron‘s) -38 &
sle'e ® m'm ) )
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Lederman hat das Bottom Quark gefunden
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Experiment 1:

b->c current has V-A character

hober qefacknte Sham
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Forward Backward Asymmetry

V-A coupling in B — D*{"p,
@ Standard Model: b — ¢ left-chiral
@ Left-handedness will be preserved when g forms D*-

o 8. Winkel suinhe, € Koraec &Schuler

und K T RN M?“[.HTW%E“
W T .

+1




Result (199
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Hyperladung und Schwacher Isospin
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Neutral Current jni°
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Experiment 2:
Schwacher Isospin des b Quarks
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B Quark Asymmetry

The angular distribution for Z% — bb is:

do & (1 + cos?6 + -EA}ﬁmaﬂ)

d cosé

However, the observed asymmetry is :

ARy = App(fint = fomemt + fezmt) - (1= 20)

~AS5plemt — ARE foack
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Electroweak results from LEP

bb
A" at Vs = m,
FB
ALEPILjepions
DELPHI le}gons ——
#1991-95
Likps  — 8
ALEPH jet-ch —a—
wi991.95 000 | esesa
DELPHI jet-ch ——
ex1992.95
L3 jet-ch A
exr1091.95  assssssas -
|
LEP
Summer 2}005!
10 150 1200, Gev)
3
=
g5 w3
M M T N .
0.08 0.09 0.1 0.11
Al],b‘t_:
R

0.0949 + 0.0040 + 0.0023
0.1010 = 0.0057 + 0.0024
0.0960 + 0.0066 + 0.0033

0.1040 = 0.0040 *+ 0.0032
0.0982 + 0.0047 + 0.0016
0.0931 + 0.0101 + 0.0055

0.0990 = 0.0020

Include Total Sys 0.0009
With Common Sys 0.0006

E m,=1743+5.1 GeV

Aoy, ;= 0.02804 + 0.00065
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Electroweak results from LEP (2)

]'_‘bn'_‘had
ALEPH mult — 0.2159 + 0.0009 + 0.0011
1!;_;2'_95 IIIII [ ] ]
DELPHI mult -——F— 0.21634 + 0.00067 + 0.00060
1992-95 0
L3 mult — & 0.2174 + 0.0015 £ 0.0028
1994-95 !
SLD vix mass ——H— 0.21669 + 0.00094 £ 0.00100
1993.0% i v
LEP+SLC i 0.21651 + 0.00069
250 corrected for yexchange
200
= I
3
E 150 [ \
100 [ a3 3 1 n -\ s » 1

0.2125 1;.21.5 0.2175 022 .
Iy, for [T, =0.171

K. Honscheid, Ohio State University (29)



I
Weak Isospin of the b Quark

K. Honscheid, Ohio State University (30)
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I
B Meson Mass

m Use fully reconstructed (hadronic) B decays

B Previous CLEO measurements
4 fit beam constrained mass for B-> D(*)np and
y K(*)
M2 = B -P?> ands (M, ) ~ s(E
MeV
4 Systematic limited:
4 error on beam energy scale ~ 2 MeV

)~ 2.7

beam

# error on initial state radiation correction ~0.5 MeV

B New result
¢ exclusively reconstruct B->y OK
4 do not use beam energy constraint
+ constrainy O to PDG values

K. Honscheid, Ohio State University (33)



i
B Meson Mass (2)
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m(B° [MeV] =5279.1 +/- 0.7 +/- 0.3

m(B*) [MeV] =5279.1 +/- 0.4 +/- 0.4

(for reference: Dmy = 0.34+/- 0.32)
M, >> L ocp
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b-flavored Hadrons

m B (bd), B- (bu)
® m =5.279 GeV
4 First excitation B* (Dm = 45.78+/-0.35 MeV)
+ Orbital excitation (L=1) B** around 5.697 GeV

Y[ aerH

Tl 4t BB

o [

Sool SN B

m B, (b5)
+ m = 5.3696 +/- 0.0024 GeV

B -.-I- -
L

3 T TR [ R
A = 4 b
r =[EAE3E O bt

HA20 Mey Aot
BEREEE, B B

m B_ (bC) -
& m = 6.40 +/- 0.39 +/- 0.13 GeV | i

1 I 1y |+ 1
" BB e

m b Baryons

¢ L, (bud) at 5.624 +/- 0.009 GeV
# Evidence for Xb
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Lifetimes of b Hadrons
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Lifetime Measurements

I‘b
gc

t, = L, = decay length

LEP: <L,>—2.5mm

CDF: <L,>—0.9mm

Technique:
select enriched sample
measure b momentum (go)
measure vertex (L,)

or Impact parameter

d =gbct  sna sing ?’rick: sna }éog

4 E leptan

mis-identified
leptan

neutring

a) Impact Parameter Method b} Vertex Reconstruction Method
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Inclusive b Lifetime

Include all b hadrons

104

Events / 0.5 ps

= Monte Carlo

— Likelihood fit
10%L -

102E + _

10 & E

_5IIIIUIIII5IIII1DIIII15IIII20IIII25
Reconstructed time (ps)

World average: 1.564 +/- 0.014

== fairly long lived
= VIS small
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Lifetimes for specific Hadrons

B Select enriched sample
# full reconstruction

# Particle - Lepton correlations

eg: B®D'InD'®Dp",DP®Kp*

&t o OPAL
[ aPAL e S )

++|

Courts | 20 MaVic?

-}++ +++ ++++++++ | +++++++'|’H+++++++++

N AANE B RAANIANS i

Moy [GEV] Decay Length [cm)
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Lifetime Summary

|
i 2
E 19-
1.8 -
- 1.7 A 3
2 161
g 15 - Bt : {
L 14 Bo
® 13- B
1.2 4 S {
1.1 4 L b
1 -
Particle Lifetime [ps]
BO 1.548 +/- 0.032
B+ 1.653 +/- 0.028
B, 1.493 +/- 0.062
B. 0.46+/-0.17+/-0.03
b-baryon 1.208+/- 0.051

Good agreement but baryon lifetime is
significantly below theo. expectations
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