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Belle II Detector 
 

electrons  (7GeV) 

positrons (4GeV) 

KL and muon detector: 
Resistive Plate Counter (barrel outer layers) 
Scintillator + WLSF + MPPC (end-caps , 
inner 2 barrel layers) 

Particle Identification  
Time-of-Propagation counter (barrel) 
Prox. focusing Aerogel RICH (fwd) 

Central Drift Chamber 
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics 

EM Calorimeter: 
CsI(Tl), waveform sampling (barrel) 
Pure CsI + waveform sampling (end-caps) 

Vertex Detector 
2 layers DEPFET + 4 layers DSSD 

Beryllium beam pipe 
2cm diameter 

Belle
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Vital statistics at the design luminosity
of L = 8 x 1034 cm–2s–1

✓Beam collision frequency ~ 508 MHz
        ⇒ bunch separation ~ 2 ns

✓Separation between physics events ~ 25000 bunches
                                                    ~ 50 µs

✓Good physics rate ~ 20 kHz (see next slide)
✓L1 trigger peak rate ~ 30kHz (not much junk!)
✓L1 latency = 5 µs
✓Minimum time between triggers ~ 2 ns
✓Data reduction:  80 TByte/s ↝ 60 GByte/s
✓L1 efficiency for            events ~ 100%
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Cross Sections and Level 1 Trigger rate
at the design luminosity of L = 8 x 1034 cm–2s–1

IEEE Trans Nucl Sci 58, 1807 (2011)

4



Level 1 Trigger inputs
from detector L1

Trigger

KLM Trigger 5
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Trigger	
  on	
  KL	
  mesons	
  and	
  muons	
  (≈1	
  per	
  event)
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Endcap KL–Muon (KLM)
data flow for scintillators

preamplifiers (in detector)

(1 of 14x4x2)

ASIC
FPGA

(1 of 10)
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Data concentrator card (1 of 32)

Inputs from 13
RPC-readout cards
in same VME crate 

Inputs from 2–7
scint-readout cards

to KLM 
trigger
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Inputs from 13 RPC-readout 
cards in same VME crate 

Inputs from 2–7
scint-readout cards

Data concentrator card (1 of 32)
data flow

to KLM 
trigger
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Universal Trigger Board
   with GTX daughter board and general IO board

✓ FPGA = Virtex6 HXT

✓ Input/Output:
• Clock:  1 in, 3 out
• NIM:  10 in, 10 out
• 24 GTH (11 Gbps x 24)
• 40 GTX (6.25 Gbps x 40)
• LVDS: 32x2 in/out
• RJ45: 4 (for Belle2Link)
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from backward 
Barrel FEE

from forward 
Barrel FEE BKLM-F-S0-L*
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BKLM-F-S0-L1
BKLM-F-S0-L0

to Global 
Decision 

LogicEKLM-F-S0-L*
7from forward 

Endcap FEE

EKLM-F-S0-L*
7

from backward 
Endcap FEE

KLM trigger finds muon tracks and KL clusters
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Concentrator board passes only “good” hits to UT3

EKLM-F-S0-L*

Each line delivers x- and y-view 
hits from one detector module

• An x-view hit is passed only if the concentrator sees an in-
time y-view hit in the same module

• A y-view hit is passed only if the concentrator sees an in-
time x-view hit in the same module

• All hits are time-ordered
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Trigger algorithm finds 2D track(s) in each projection 

Decoder
• Deserialize hits
• Send hits in coin- 

cidence window 
   to Finders

x–z Finder
• Assemble list(s)   

of x-view hits in 
each quadrant

• Geometry table

x–z Fitter
• Fit (z, x) hits in 

each list to get 
x0 at I.P.

• straight-line fit

Decision
• Fire trigger if       

(x0, y0) is near I.P.
• range-dependent 

criterion

y–z Finder
• Assemble list(s)   

of y-view hits in 
each quadrant

• Geometry table

y–z Fitter

UT3

for each endcap

• Fit (z, y) hits in 
each list to get 
y0 at I.P.

• straight-line fit
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Trigger algorithm finds 2D track(s) in each projection 

Decoder
• Deserialize hits
• Send hits in coin- 

cidence window 
   to Finders

r–    Finder
• Assemble list(s)   

of    -view hits in 
each quadrant

• Geometry table

r–     Fitter
• Fit (r,    ) hits in 

each list to get 
r0 at I.P.

• straight-line fit

Decision
• Fire trigger if       

(r0, z0) is near I.P.
• range-dependent 

criterion

r–z Finder
• Assemble list(s)   

of z-view hits in 
each quadrant

• Geometry table

r–z Fitter

UT3

for barrel

• Fit (r, z) hits in 
each list to get 
z0 at I.P.

• straight-line fit

�
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KLM Universal 
Trigger Module

Trigger hardware setup w/Xilinx software environment
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KLM Trigger algorithm: simulation environment on PC

18



	
  Minimum	
  period:	
  2.476ns	
  (Maximum	
  Frequency:	
  403.877MHz)
	
  	
  Minimum	
  input	
  arrival	
  8me	
  before	
  clock:	
  40.713ns
	
  	
  Maximum	
  output	
  required	
  8me	
  aCer	
  clock:	
  0.777ns

KLM Trigger algorithm synthesis: resource utilization
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Input	
  data	
  are	
  available
Deltas	
  are	
  available L0s	
  are	
  available

43	
  clock	
  cycles 38	
  clock	
  cycles

ChipScope Pro time analysis of track-finding algorithm 

~0.3 µs
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Summary

• Muon track-finding algorithm has been implemented in the 
Belle II Universal Trigger Board (with ChipScope debugger)

• Both 1D projections of each track are found in well under  
1 µs (trigger system’s upper limit is 3 µs)

• KL cluster-finding algorithm is in development

• To come:

★ test algorithm robustness in the presence of neutron 
background (=noise hits), cosmics, multiple tracks and 
clusters (2013-2014)

★ offline C++ version of KLM trigger simulator (2014)

★ implement full end-to-end test with all hardware (2014)
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