
D∅ Run 2 detector

Linac upgrade, main injector, new antiproton storage ring

Extensive upgrade of D∅ setector

Central Fiber Tracker (CFT)
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Light from fibers converted into electrical pulses
by cryogenic photon detectors

• Scintillating fibers (∅ = 830µm)
• Up to |η| = 1.7

• 20 cm < r < 51 cm
• 8 double layers
• 77 000 channels
• Hit resolution ∼ 100µm

Silicon Microstrip Tracker (SMT)

• 6 barrels (12 cm long, 4 layers)

and 16 disks

• 793 000 channels of electronics

(112 000 axial channels)

• SMT hit resolution ' 10 µm

High resolution measurements of particle tracks, charged particle
momenta and secondary vertices for heavy flavour identification

The D∅ Silicon Track Trigger

Lars Sonnenschein

Boston University

The Level-2 Silicon Track Trigger preprocessor (L2STT) of the D∅ detec-
tor in Run II is presented. It performs a precise reconstruction of charged
particle tracks in the Cenral Fiber Tracker (CFT) and the Silicon Mi-
crostrip Tracker (SMT). Events with displaced tracks originating from
the decay of long lived particles such as B hadrons are triggered on. The
presence of b quarks contained in such hadrons is relevant for B physics
and a signature of top quark decays and Higgs boson decays.
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D∅ Trigger system

4.2µs decision time 100µs decision time

. 3kHz

Idea and Expected benefits

Need to make
very fast decisions!

Interesting physics can
be identified by b quarks

• b quarks are key in many areas:
◦ Triggering Z → bb̄ (increased yield ×6)

- Control sample for b jet energy calibration
- mass resolution,
- b trigger and tagging efficiencies

◦ B physics
- Lower p⊥ threshold on lepton triggers

◦ top quark physics (t → Wb)
- Factor of 2 gain in top mass resolution

◦ Higgs Physics (ZH → νν̄bb̄)
- Double trigger efficiency

• B hadrons have finite lifetime
◦ travel mm’s before decay
◦ ⇒ displaced tracks

• Trigger on displaced tracks
◦ using SMT precision
◦ IP resolution 55 µm @ high p⊥

(Including 35 µm from beamspot)

Beamspot Monitoring and Correction
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Critical for the STT
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• Beamspot determined by vertex monitoring
• At beginning of run current values are downloaded to STT
• Beam has to be stable during a run ( ∼ ten’s of microns)
• Impact parameter determined with respect to beam spot

Absolute beamspot
limits for STT:
• position < 1 mm
• tilt < 5 · 10

−4

Impact parameter resolution
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STT Impact Parameter Entries  16636

Mean   0.0001286

RMS    0.008694

 / ndf 2χ   1344 / 684

Constant  1.048± 89.21 

Mean      5.487e-05± 5.84e-05 

Sigma     5.692e-05± 0.006727 

∅D
Run 191598

STT Impact Parameter

pt(track)
2 4 6 8 10 12 14

IP
 r

es
. (

cm
) 

  

0.004

0.005

0.006

0.007

IP resolution vs. track pt  / ndf 2χ  81.74 / 7

A         5.054e-05± 0.005201 

B         0.0001875± 0.007288 

 / ndf 2χ  81.74 / 7

A         5.054e-05± 0.005201 

B         0.0001875± 0.007288 
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IP resolution vs. track pt

The top plot shows

the impact parame-

ter of STT tracks

obtained from data

taken with the D∅

detector. The bot-

tom plot shows the

impact parameter

resolution of STT

tracks as a function

of their track trans-

verse momenta.

STT Conceptual Schematic

road

±2 mm
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• L1CTT ⇒ tracks in CFT

- Define road in SMT

• Select axial SMT hits in roads

• Fit trajectory to L1CTT+SMT hits

- Measure p⊥, IP and azimuth φ

• Send results to L2

• Pass L1CTT information to L2

• Send L2 output + SMT clusters to L3



STT Crate Layout

6 identical 60
◦ sector crates

each containing:

1 Fiber Road Card

- sync with D∅

- L1CTT inputs

9 Silicon Trigger Cards

- SMT clustering

- Coarse cluster -

road match

2 Track Fit Cards

- Final cluster

selection

- Track fitting

All six 60
◦

sector crates installed

Silicon Trigger Card (STC) Design

Road

LUT

L3

buffer

FPGA

The Silicon Trigger Card

Performs silicon clustering
and cluster-road matching

Clusters adjacent SMT hits
(axial and stereo)

Axial clusters are matched
to ±2 mm-wide roads
around each fiber track
via precomputed LUT

Masks bad strips and
applies pedestal/gain
corrections (via LUT)

The D∅ Silicon Track Trigger (II)
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STT mother- and daughterboards

SCL Fiber Road Card

or

Silicon Trigger Card

or

Track Fit Card

Buffer Controller

︷
︸
︸
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Serial
board links
for inter-
communication

Link

Receiver

and/or

Transmitter

Boards

The Fiber Road Card

Receives tracks from
L1 Central Track Trigger

Communicates with
trigger framework (TF) via
serial command link (SCL)
receiver card

Transmits tracks and
trigger info to other cards

Manages L3 buffering and
readout via Buffer Controller
(BC) daughter cards
on each motherboard

Track Fit Card (TFC) Design

Matrix

LUT8 DSP’s

The Track Fit Card

Performs final SMT cluster

filtering and track fitting

Receives 2 CFT hits and axial

SMT clusters in CFT road

Selects clusters closest to

road center and performs

linearized track fit using

precomputed matrix elements

stored in on-board LUT

φ(r) = b
r + κr + φ0

Requires only 3 out of

4 silicon layers

Output to L2CTT via Hotlink

Transmitter cards

STT online data monitoring plots
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N(L1 CTT input tracks) N(L1 CTT input tracks)

N(L2 STT output tracks)

The plots show L1
CTT and L2 STT
track quantities
obtained from
data, recently
taken with the D∅

detector (black
crosses).
For comparison,
reference histo-
grams - obtained
offline from data,
taken earlier with
the D∅ detector -
are shown in red

Impact parameter

(linear scale)

Impact parameter

(logarithmic scale)

Impact parameter significance
(all tracks)

Impact parameter significance
(χ2 overflow tracks excluded)
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trigger threshold

STT track p⊥
(1st φ sextant)

STT track p⊥
(2nd φ sextant)

STT track p⊥
(3rd φ sextant)

STT track p⊥
(4th φ sextant)

STT track p⊥
(5th φ sextant)

STT track p⊥
(6th φ sextant)


