Christoph Paus
Massachusetts Institute of Technology

XXXI International Meeting on Fundamental Physics

Soto de Cangas (Asturias), Spain
February 24-28, 2003



The Caveats Slide

Who Is the lecturer?

A word on B Physics

My selection of plots

Ch. Paus, IMFP Feb 24-28, 2003 - 1



Overview

Motivation and History

Introduction to the Experimental Setup

Two Stories in some Detall

Ch. Paus, IMFP Feb 24-28, 2003 - 2



Web Pointers

The experiments

http://www-cdf.fnal.gov/, http://www-d0.fnal.gov/
http://www.slac.stanford.edu/BFROQOT, http://belle.kek.jp/

Overview reports

http://www.slac.stanford.edu/pubs/slacreports/slac-r-504.htmi

http://arXiv.org/pdf/hep-ph/0201071

Excellent live videos / transparencies on the Web

http://www-conf.slac.stanford.edu/ssi/2002/

http://mit.fnal.gov/ ~ fkw/teaching/mit8.881.html
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Symmetries in Particle Physics

Lewis Carrol’'s (1872)
Through the Looking Glass

+ this seems to be the theme for symmetries in particle physics
In the last century

+ broken symmetries had a deep impact on the consciousness
of physicists
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Symmetries in Particle Physics

Electromagnetism basics understood by 1900

Quantum Electro Dynamics understood by 1950

Electromagnetism conserves 3 symmetries
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Symmetries in Particle Physics

Weak Interaction violates P, C, T and CP:

1957 C.S. Wu et al.

1957 R.L. Garwin, L.M. Lederman, M. Weinreich
1957 J. Friedman, V. Teleqgdi

1964 J.H. Christenson, J.W. Cronin, V.L. Fitch, R. Turlay
1998 CPLEAR Collaboration

2000 BaBar and Belle Collaborations
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Matter-Antimatter Asymmetry

Big Bang theory
where is the antimatter?

Sakharov explanation needs three conditions (1966)

+ CP violation must exist
Opinions from theorists

+ good chance for new physics in CP violation
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First B Physics Measurements: Lifetime (MAC/Mark II)
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First B Physics Measurements: Mixing (Argus)

At Y(4S) resonance

Time integrated mixing

PL B 192 (1987) 245

Experimental detalls

Start of the Y(4S) success story

A like sign event!!
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First B Physics Measurements: Mixing (UA1)

Inclusive measurement at pp collider PL B 186 (1987) 247
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X = Fraction of Wrong Sign
Beauty Hadron Decays

Argus at the time excluded this value at 90% CL
Start of the pp B physics success story
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Advanced Measurements: Bg Mixing

Feynman diagram of B  mixing:
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To be done at Tevatron
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Advanced Measurements: CP Violation — sin 23

CP Violation mechanisms

Golden mode: B° - J/YKsg

M\)\ Iy K2

73

CP eigenstate: ns_, = -1
Via
Vi

Ch. Paus, IMFP Feb 24-28, 2003 - 12



CKM Measurements from B

Unitarity triangle and what measures it

CP Violation parameter, sin 23

r] A
o
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Byg — T B, — JUK,
Bg's — K*K
Bd,s — K1t

CP Violation parameter, y
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Producing b Quarks / b Hadrons

Quark confinement

b b
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Simplistic but instructive fragmentation model
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Y(4S) versus pp

At Y(4S)

At pp colliders

Strong Decay
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Y(4S) Resonance

Available CM energy Y{(4S)
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Coherent Production of B°B®°

Coherent state from Y(4S) with L =1 with S(t,tp) =

e+
- JA:“‘- ; "y 1
e’ e E
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Coherent development means
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Consequences for measurement
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At = Tgp = thog [PS]

zero B°, B mesons with tcp =0
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Detailed Cartoon of B Decays at Y(4S)

exclusive reconstruction
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measurement of time difference

At~Az /<By>c Az about 260 pm
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Tevatron Bottom Production - Overview

Cross Section:
= 100 ub

Light quark o(inelastic) 10° larger

b-hadron triggers required

Triggers in Run |

Triggers in Run Il

+ hadronic modes available
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b Quarks / b Hadrons at the Tevatron

Lowest order
pp collisions
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Detailed Cartoon of B Decays at Tevatron
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PEP Il Machine

PEP Il is located in the 2.2 km PEP tunnel
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PEP Il Machine — The Rings
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PEP Il — The RF Clystrons
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PEP Il / KEKB Machine Performance

PEP II KEKB

e” e’ e” e’
Beam energies [GeV] 9 3.1 8 3.5
Currents [A] 1.05 2.14|0.92 1.37
Number of bunches 830 1223
Luminosity [x 10%3/cm?/ sec] 4.6 7.35
Bunch spacing [m] 2.52 2.4
Bunch currents [mA] 1.28 2.20(0.71 1.14
Beam stored energy [kJ] 69 41 73 49
Beam power [GW] 94 5.6 14 5
Beam RF power [GW] 25 14 | 3.2 24
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PEP Il Machine — Luminosity
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Accelerator Setup at Fermilab

Complex accelerator system

FERMILAB'S ACCELERATOR CHAIN
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Tevatron — The Ring
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Tevatron Machine Performance

acchieved Run lla goal

Beam energies [TeV]
Protons/bunch x 101°
AnitProtons/bunch x 10%°
Number of bunches
Luminosity [x 10%t/cm?/ sec]

Bunc
Bunc
Bunc

N spacing [ns]
N length proton [cm]

N length antiproton [cm]

Integrated Lumi [pb~*/week]

1 1
20 27
2.6 3.0
36 36
3.2 8.1
396 396
61 37
54 37
o-7 16
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Tevatron Machine Performance — Luminosity
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Tevatron Machine Performance — Peak Luminosity

Peak Luminosity
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Detector Design — Considerations

Main design elements Drift chambers, Momentum

Silicon detectors, Vertex Particle Id detectors
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Detector — BaBar

- Y

Electromagnetic Calorimeter

e* (3.1 GeV)

e

Cerenkov Detector
(DIRC)

e (9 GeV)

e

o

Drift Chamber ‘

Instrumented Flux Return . Silicon Vertex Tracker l
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Detector — Belle

Belle Detector

- .
a— !

“\ Aerogel Cherenkov cnt.

- . 1“"“ = .
SC solenoid =5 ‘-}_‘,;,i n=1.015~1.030

L

15T s .

Csl(TI) 16X, ~T==

TOF counter .

BGG%_ | \ ‘

.

%

Si wl. dat.
3 lyr. DSSD -

u/ K, detection
14/15 lyr. RPC+Fe

Ch. Paus, IMFP Feb 24-28, 2003 - 34



BaBar — Asymmetric Design
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BaBar - Silicon Vertex Detector
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BaBar - Drift Chamber

Properties

c’f:f) =0.13%x p. +0.45%
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Principle of the DIRC

Particle identification i
|
V
with 1/ opening angle :
_—

32
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Side View

Particle Trajectary

Plan View

Water tank readout
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DIRC Detector Pictures — BaBar
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Particle I[d Summary — BaBar

Particle identification

Drift chamber

DIRC system

Combined perfomance

+ Kaon identification 85%
+ pion misidentified 5%

Tagqging Kaons
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Detector Design — D@

Forward Mini-drift Cotitsal Solniill sbox Forward Scintillator
chambers

e

Shielding

New Solen;)id, Tracking System
Si, SciFi, Preshowers

+ New Electronics, Trig, DAQ
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Detector Design — CDF

SVXII + ISL

Muon chambers/scintillators
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Detector Design — CDF

END WALL
HADRON
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CDF — Silicon Vertex Detector — SVX
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Cabling Up
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Run Il Upgrades: Hadronic Trigger

Level 1 track trigger CDF Detector Components
CAL COT MUON SVX CES
1
Sl XCES
XTRP
L1 t1 L1

Level 2 track trigger 2 "alck o

Global

Level-1

\ y
L2

Improves sensitivity by 5 orders Global
of magnitude over Run | Level-2 TSI/CLK
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Run Il Upgrades: Silicon Detector

Inner Silicon: LOO and SVX

Outer Silicon: ISL

TR
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Run Il Upgrades: Time-of-Flight Detector

p 3

N
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Characteristics of the system

[y
a

=
o

-n = 2.0

END PLUG HADRON CALORIMETER

©
o

==
-
-
-

END PLUG EM CALORIMETER

IIII|IIII|III

o

L L L L L L Y IO
0 .5 \Ll.o 1.5 2.0 2.5 3.0 m
SvX 1l INTERMEDIATE

5 LAYERS SILICON LAYERS

Hamamatsu photomultiplier

PMT operates in 1.4 T B field
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Run Il Upgrades: DAQ System

Event Building in Run 1l

7.6 MHz Crossing Rate
(132 ns Clock Cycle)

7.6 MHz Synchronous Pipeline
L1 Storage FSNE 5544 ns = 42 x 132 ns Latency
Pipeline: Trigger < 50 kHz Accept Rate
42 Clock
Cycles Deep ———
: L1 Accept
Level-3 Processing for Run |l

Asynchronous 2-stage Pipeline
FEPAS 90 us = 1/50 kHz Latency
Trigger 300 Hz Accept Rate
L2 Buffers: J-

L1+L2 Rejection factor: 25,000

4 Events

L2 Accept
Level 3 Mass
L g System Storage
DAQ Buffers / Accept rate <75 Hz

Event Builder Rejection factor: >4
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Comparisons of B Experiments

Accelerator CESR,DORIS LEPSLC PEPII,KEKB Tevatron
Detector Argus,CLEO ADLO,SLD | BaBar,Belle CDFDY
o(bb) =~1nb =6 nb =~1nb =~ 50 ub
o(bb) : o(had) 0.26 0.22 0.26 0.001
b hadrons BY B* all BY B* all
Boost < By > 0.06 6 = 0.5 2-4
Production Bs at rest bb btb forward boost  bb not btb
Event pile-up no no no yes
Trigger Inclusive Inclusive Inclusive selective
Comments

+ nice complementary setup
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Conclusions

Physics Motivation

Comparison of Y(4S) and pp

Detector Design Issues
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