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BTeV:

¥ A Òforward-geometryÓ experiment to study heavy-quark  physics at
the Tevatron: 1.9 < |h| < 4.5

¥ BTeV is designed to:

Ð run at ³ 2 ́  1032cmÐ2sÐ1 Tevatron collider luminosity

Ð exploit the large heavy-quark hadroproduction cross sections:

sbb ~ 100 µb
scc ~ 1 mb

Ð make the worldÕs best searches for charm CP violation, mixing,
and rare decays

Ð make the definitive measurements of beauty CP violation and rare
decays



BTeV Physics Reach:
¥ CP-violating quantities; sensitivity per year:

¥   Comparison with LHC-b:

¥ Comparison with e+eÐ: # B ® D0K per year:



BTeV Spectrometer:
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Zoomed View of 1 Arm:
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3E7 smart pixels with self-triggering readout and sub-132-ns resolution
¥	 critical for real-time vertex tracking



Trigger Philosophy:

¥ Events of interest:

Ð not only e.g. BdÊ® ÊJ/y ÊKS (have final-state high-pt leptons)

Ð also e.g. BsÊ® ÊDs
+ÊKÐ, BdÊ® Êr 0Êp0 (no final-state leptons)

Þ Best to trigger on characteristics common to all heavy-quark
decays:

+ Separated production and decay vertices



    

Trigger Overview:

¥ Must find 
all tracks 
and search 
for 2ndary 
vertices in 
every beam 
crossing 

È Pipeline 
must accept 
a new event 
every 132 ns 
on average



Trigger/DAQ Organization:
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Level 1 Vertex Trigger Block Diagram:

"FPGA tracker"

"DSP tracker"



ÒInnerÓ and ÒOuterÓ Pixels and Track Segments:

¥ To ease combinatorics, find tracks only where they enter and leave
the vertex detector:

interior track segment
exterior track segment

inner pixels

outer pixels

precision-y plane

precision-x plane



Segment-Finding Algorithm:

Most challenging piece of trackfinding algorithm!

1. Find Òinner doubletsÓ of y hits projecting into beam hole:

beam
axis

plane:  NÐ2 NÐ1 N

{region of
interest

2. Require confirming hit in next (N+1) plane

3. Require ³ 2 confirming x hits to form Òinterior tripletÓ

... In parallel, find Òexterior tripletsÓ similarly; then combine
with interior triplets to make tracks

(Done
by 
FPGA 
tracker)
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Segment-Finding Hardware ÒKernelÓ:

¥ Heart of trackfinding is forming and testing pairs of hits

¥ Need way to do this Òn2Ó combinatorial problem in n steps:

® associative memories:

AM

Nplane:  NÐ1

to next stage

Key:
write port

read port

projection

inner-pixel
cut

pixel-plane hit data



¥  This all fits in a small fraction of an FPGA

kernel



Example - typical b event:



Blow up transverse scales:



Show all hits:
(movie)



Zoom in:
(movie)



Inner and outer doublets:
(movie)



Inner and outer triplets:
(movie)



Trigger Performance

¥ Approach: require n tracks with ms  detachment w.r.t. primary vtx

¥ Full Geant simulation of Level-1 vertex trigger for light-quark &
 events

(m)  (m)

¥ 2 tracks at 6s  accepts 64%, rejects 99% of light-quark events



Some Representative Level 1 Trigger Efficiencies:

¥ Levels 2 & 3 will use »2500 commercial µPÕs and data from addÕl
tracking detectors to give addÕl Ö 100 in data rate with small
(»10%) inefficiency for modes of interest



Global Level 1:

¥ Level 1 trigger decision will be based on combinations of criteria,
e.g.:

Ð 2 tracks each with > 6s  displacement of 2ndary vertex from primary
or

Ð 3 tracks each with > 4s displacement of 2ndary vertex from primary
or

Ð 1 µ track with pt > 2 GeV/c and 1 track with > 4s displacement
or

Ð 2 µ tracks with pt > 1 GeV/c
etc.

¥ Events satisfying any of these might be prescaled by factors that
could be adjusted from run to run or from beginning to end of store

¥ In addition, need low-bias diagnostic and study triggers prescaled
by factors that could be adjusted from run to run or from beginning
to end of store



Global Level 1 (contÕd):

¥ Global Level 1 trigger will receive packets from all Level 1
triggers and implement this complex and flexible decision
capability

¥ Must decide whether to flush each event from the Level 1 buffers
or queue it for Level 2

¥ Must implement timeouts to recover from possible hangups or
excessive deadtime due to ÒsplashÓ events

¥ Must provide monitoring and diagnostic information to various
parts of DAQ system

® Provisional plan: Use a Level 1 ÒDSP-farmÓ box to implement
Global Level 1



Trigger Control & Monitoring are Nontrivial!
¥ Level 1 trigger is a large and complex system:

¥ In addition to downloading and verifying code, need to maintain
throughput
Þ Real-time load balancing of >2000 processors and datapaths

¥ Need >95% uptime
Þ Dynamic adaptation to hardware failures & software hangups

¥ A collaboration of computer scientists has been formed, auxilliary to
BTeV, to propose NSF support for development of innovative real-time
control system (see J. Butler talk)



Conclusions:

¥ In LHC era, BTeV will be

Ð the definitive heavy-quark experiment

Ð the flagship experiment at the Tevatron

¥ Real-time trackfinding vertex trigger crucial to BTeV success

¥ So large and complex a real-time processing system has never been
attempted in HEP

¥ Will need to use the best & most cost-effective components and
approaches industry has to offer, together with innovative
approaches to data handling and control


