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Outline

• Larry in his role as mentor
• Physics interlude: B0

s lifetime difference
• Extracurricular activities



Lessons from Larry

•BNL-Yale collaboration
•DeMorgan’s Theorem, Again!
•Always the latest things
•Extensions of Moore’s Law
•To build or buy?
•To wait for consensus or to build?



BNL-Yale Collaboration (`77)



Trigger Electronics for E696





Polarimeter and Lead Glass (E735)



Leipuner the innovator

Brookhaven water cooled
version of FASTBUS



Brookhaven Fastbus in E735



Fire! (E780)



Lead Glass Array for E845



Lead Glass Array for E845



Some of the BNL-Yale
Collaboration (’89)



25th Anniversary Discovery of CP 
Violation, Conference in Blois, 1989



CKM Unitarity Triangle

(ρ,η)

(1,0)(0,0)

dd BB ↔

ΔΓs

*

*| |
tb td td td

cb c b tsd c

V V V
V V

V
V V λ λ

= =*

*| |
ub ud

cb cd

V V
V V

s sB B↔α

βγ

Normalized to 1

2

23

2

3

2

1 2 ( )
1 2

(1 ) 1
cb

ts

ud us ub

cd cs

td tb

V V V A i
V V V

V V
V A

V AA i

λ λ λ ρ η
λ λ

λ ρ
λ

λη

⎛ ⎞− −⎛ ⎞
⎜ ⎟⎜ ⎟= ≅ − −⎜ ⎟⎜ ⎟

⎜ ⎟ ⎜ ⎟− −⎝ ⎠ ⎝ ⎠−

* *
* * *

* *0 1 0ud ub td tb
ud ub cd cb td tb

cd cb cd cb

V V V VV V V V V V
V V V V

+ + = ⇒ + + =



Second Order Weak Mixing
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Eigenstates
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• An initial particle or antiparticle is then

• E.g. in the Bs case, where we expect no phase from CKM

CP-Odd

CP-Even

Kaon Expert Guide:

s=Strange, not Short

L=Light, not Long

H=Heavy

due to kinematicsΔΓ



Why is studying the Bs tough?
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Only FNAL makes these!



CDF II (central detector)

Silicon detector installation
into central drift chamber 
bore and central calorimeter

Central Muon Detectors

Plug Calorimeter



CDF II



• Each detector 
element clocked into 
a synchronous 
pipeline every 132 
nsec

• Level 1 trigger 
decision in < 5.5 μsec

• Events saved in 1 of 4 
asynchronous buffers 
during Level 2 trigger 
decision

• Accepted events sent 
to Level 3 processor 
farm

L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20μs latency
<1kHz Accept Rate

L1+L2 rejection:  10,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger

Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 

PJW 6/2/96

Dataflow of CDF "Deadtimeless" 
Trigger and DAQ



• L1 triggers:
– Jets, Sum or Missing 

transverse E (CAL)
– Tracks (COT)
– Muons

(stubs.and.tracks)
– Electrons 

(emCAL.and.tracks)
• L2 triggers

– Tracks with non-zero 
impact parameter by 
using r - φ hits in 
silicon detector

– Uses L1 tracks and 
Silicon Vertex 
Trigger (SVT)

RUN II TRIGGER SYSTEM

Detector Elements

GLOBAL 
LEVEL 1

L1 
CAL

COT

XFT

 MUON

MUON
PRIM.

L1
MUON

 L2 
CAL

CAL

XTRP

L1
TRACK

SVX 

SVT

CES

XCES

PJW 9/23/96

GLOBAL 
LEVEL 2 TSI/CLK



Trigger System Interface &
Silicon Data Acquisition System

Dedicated electronics, 
protocols, and parallel network 
for control throughout CDF of 
the synchronous pipeline and 
Level-1 trigger, and the 
asynchronous buffers for 
Level-2 decisions.

# of electronics boards: ~60

Trigger System Interface

Deadtimeless readout for the 
L00, SVXII and ISL detectors:

558 silicon strip ladders,

5764 SVX-3 chips,

737,792 channels.

# of electronics boards: ~250

Silicon VRBs



Analysis Sketch

P VV→

• Total J of final state = 0
• Two spin-1 => J = 0, 1, 2
• Orbital L = 0, 1, 2 (S,P,D wave)

=> Need 3 amplitudes (partial wave, helicity, or transversity)

• S,D wave = Parity Even, (CP Even for           )
• P wave     = Parity Odd,  (CP Odd for            )

1
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s s sB B B CP odd= 〉+ 〉 = −
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s s sB B B CP even= 〉− 〉 = −

Disentangle different L-components
of decay amplitudes isolate two B states 
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/J ψϕ Isolates P-odd
nicely

• Angular momenta:



ψφJ/→SB
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J/ψ
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Decay Vertex

Beam (Initial interaction)

μ+ μ-
K+
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K*0

*J/ KBd ψ→

σL~30 μm

Compare the two 
similar topologies

K-

σL~30 μm

~ 1.5ps
c ~ 450 m

Branching ratios ~ 10-3

τ
τ μ

Decay Vertex

Beam (Initial interaction)



Transversity Angles
Θ

Φ

z

y

x
K +

K −
ϕ

μ +

μ −

KK plane defines (x,y) plane
K+(K) defines +y direction

Θ, Φ polar & azimuthal angles of μ+
Ψ helicity angle of φ (Κ∗)

• Work in J/Ψ rest Frame 



Mass and Lifetime Projections (Bs)
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Expectation for two lifetimes



Other Measures of Bs “lifetime”

• e.g. single lifetime as measured in 
semi-leptonic decays
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• Assuming             (theoretical guidance suggests this is good to 1%)     

• When a significant ΔΓ exists,
lifetime measurements are
sample composition dependent

• Measured lifetime is
where    = fraction of light state 

meas L L H Hf fτ τ τ= +
Lf



The two Lifetimes

Constraint helps
low statistics τH
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Combined Fit
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Extracurricular Activities
•No spectators
•Cheating death again
•Now for the dangerous part
•Flight Plan B
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