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HPS	
  Trigger	
  
1.  Pulser	
  (random)	
  trigger	
  
2.  Cosmic	
  trigger	
  
3.  Single	
  trigger	
  0	
  
4.  Single	
  trigger	
  1	
  
5.  Pair	
  trigger	
  0	
  
6.  Pair	
  trigger	
  1	
  

•  Each	
  trigger	
  can	
  be	
  individually	
  enabled	
  or	
  disabled	
  
•  	
  Individual	
  cuts	
  can	
  	
  be	
  deacCvated.	
  	
  
•  Singles	
  and	
  pair	
  triggers	
  use	
  completely	
  independent	
  cuts	
  
•  Triggers	
  can	
  also	
  be	
  prescaled	
  individually.	
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Cluster	
  DefiniCon	
  

•  Eseed	
  ≥	
  Ethreshold	
  
•  Nhits	
  ≥	
  Nthreshold	
  

•  Elow≤Ecluster≤Ehigh	
  
0.2 0.1 0.1

0.42 0.25 0.25 0.05 0.05 0.25 0.42 0.25

0.6 0.3 0.3 0.12 0.12 0.3 0.6 0.3

0.42 0.25 0.25 0.05 0.05 0.25 0.42 0.25

0.2 0.1 0.1

Δt = 8 nsΔt = -8 ns Δt = -4 ns Δt = 0 ns Δt = 4 ns

Example:	
  the	
  combinaCon	
  of	
  all	
  the	
  snapshots	
  produces	
  a	
  cluster	
  with	
  	
  
nine	
  hits	
  and	
  a	
  total	
  energy	
  of	
  3.04	
  GeV	
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Trigger	
  SeZngs	
  and	
  Rates	
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B Consolidated Trigger Settings and Rates

For ease of reference, the trigger settings defined in Tables 1 and 2 are consoli-
dated into Table 4.

Parameter Singles 0 Singles 1 Pair 0 Pair 1

E

low

0.060 GeV 0.400 GeV 0.054 GeV 0.054 GeV
E

high

2.500 GeV 1.100 GeV 1.100 GeV 0.630 GeV
N

threshold

3 hits 3 hits 1 hit 1 hit
E

sum low

— — 0.120 GeV 0.180 GeV
E

sum high

— — 2.000 GeV 0.860 GeV
E

di↵erence

— — 1.000 GeV 0.540 GeV
E

slope

— — — 0.600 GeV
F — — — 0.0055 GeV
✓

coplanarity

— — — 30�

t

coincidence

— — 16 ns 12 ns
Prescale 213 211 210 20

Rate (50 nA) 0.4 Hz 1.3 kHz 0.7 kHz 16.6 kHz

Table 4: Above are listed the cuts for all triggers. Note that the pair energy
slope and pair coplanarity cuts were disabled for the pair 0 trigger. Pair cuts
are not defined for singles triggers, so none are listed. Rates are defined as a
representative rate pulled from an average run (5772) at 50 nA at a time with
beam trips.
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Cluster	
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Cluster	
  Time	
  Coincidence	
  

0

50

100

150

200

250

300

350

0 1 2 3 4 5 6 7 8 9 10

Tr
ig

ge
r R

at
e 

/ 
Cu

rr
en

t (
Hz

/n
A)

Time Coincidence (4 ns clock-cycles)

Trigger Rate vs. Cluster Time Coincidence

10 nA (R5148)

40 nA (R5139)

Valery	
  Kubarovsky	
   7	
  



Nhits	
  in	
  Cluster	
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N≥1	
  /	
  N≥2	
  Acceptance	
  RaCo	
  

M(e+e-­‐)	
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Trigger	
  DiagnosCcs	
  
•  Simulate	
  clusters	
  	
  
•  Compare	
  simulated	
  clusters	
  with	
  hardware	
  clusters	
  stored	
  

in	
  the	
  SSP	
  bank	
  	
  
–  Check	
  number	
  of	
  hits	
  
–  Energy	
  
–  Time	
  stamp	
  
–  Calculate	
  cluster	
  reconstrucCon	
  efficiency	
  

•  Simulate	
  triggers	
  
•  Compare	
  simulated	
  with	
  hardware	
  triggers	
  

–  Time	
  stamp	
  
–  Check	
  every	
  cut	
  
–  Calculate	
  trigger	
  efficiency	
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VerificaCon	
  results	
  

•  Cluster	
  finding	
  efficiency	
  98.8%	
  
•  Single	
  trigger	
  efficiency	
  	
  	
  99.6%	
  
•  Pair	
  trigger	
  efficiency	
  	
  	
  	
  	
  	
  	
  99.7%	
  

Careful	
  invesCgaCon	
  of	
  the	
  trigger	
  
demonstrated	
  that	
  trigger	
  firmware	
  performs	
  as	
  
expected.	
  Period.	
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Absolute	
  trigger	
  efficiency	
  

•  6.2	
  M	
  pulser	
  events	
  with	
  400	
  ns	
  Cme	
  window	
  
in	
  mode	
  1	
  (full	
  FADC	
  informaCon)	
  

•  It	
  corresponds	
  to	
  2.4	
  seconds	
  of	
  HPS	
  
operaCon	
  

•  Search	
  for	
  pair1	
  trigger	
  	
  
– 3362	
  Hz	
  based	
  on	
  FADC	
  data	
  
– 3387	
  Hz	
  based	
  on	
  SSP	
  data	
  
– 3300	
  Hz	
  from	
  the	
  trigger	
  scalers	
  	
  
Very	
  good	
  result.	
  Inside	
  the	
  staCsCcal	
  accuracy.	
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HPS	
  Trigger	
  Upgrade	
  
•  Fix	
  the	
  bug	
  in	
  the	
  firmware	
  connected	
  with	
  the	
  trigger	
  	
  	
  latency	
  issue	
  

This	
  bug	
  did	
  not	
  affect	
  the	
  HPS	
  data	
  collecCon	
  because	
  shifers	
  were	
  instructed	
  to	
  
check	
  the	
  trigger	
  latency	
  issue	
  and	
  restart	
  runs	
  	
  manually	
  in	
  case	
  of	
  problems	
  
Ben	
  promised	
  to	
  take	
  a	
  look	
  where	
  the	
  issue	
  is	
  coming	
  from.	
  It	
  will	
  be	
  definitely	
  
be	
  done	
  before	
  the	
  next	
  run.	
  
It	
  is	
  the	
  only	
  known	
  firmware	
  bug	
  for	
  a	
  moment.	
  

•  Prescale	
  the	
  single	
  clusters	
  based	
  on	
  the	
  	
  coordinates	
  
This	
  trigger	
  will	
  be	
  used	
  for	
  the	
  calibraCon.	
  
This	
  firmware	
  is	
  already	
  completed.	
  Ben	
  confirmed	
  it	
  works.	
  We	
  just	
  need	
  to	
  add	
  
these	
  opCons	
  	
  to	
  the	
  SSP	
  trigger	
  configuraCon	
  files	
  so	
  that	
  we	
  are	
  able	
  to	
  select	
  	
  
this	
  kind	
  of	
  configuraCon.	
  This	
  is	
  a	
  prejy	
  easy	
  change.	
  	
  

•  Change	
  the	
  TI	
  firmware	
  to	
  show	
  the	
  trigger	
  decision	
  independently	
  of	
  
the	
  prescale	
  value	
  (Maurik’s	
  request)	
  

•  Revisit	
  “Pare	
  0”	
  trigger,	
  adjust	
  for	
  Moller	
  events.	
  

Valery	
  Kubarovsky	
   13	
  



Trigger	
  documentaCon	
  
•  Nathan	
  is	
  working	
  on	
  the	
  run	
  trigger	
  wiki.	
  
•  Kyle	
  wrote	
  25	
  pages	
  HPS	
  note	
  about	
  the	
  trigger	
  
performance	
  during	
  the	
  2015	
  run	
  

•  The	
  note	
  includes	
  
–  Hardware	
  Clustering	
  Algorithm	
  	
  
–  HPS	
  trigger	
  definiCons	
  (singles,	
  pairs	
  etc)	
  
–  Detailed	
  descripCon	
  of	
  	
  the	
  trigger	
  parameters	
  	
  
–  SelecCng	
  the	
  trigger	
  cuts	
  
–  Trigger	
  rates	
  
–  Trigger	
  diagnosCcs	
  

•  This	
  will	
  be	
  of	
  use	
  in	
  future	
  HPS	
  general	
  publicaCons.	
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ImplementaCon	
  of	
  Trigger	
  Cuts	
  in	
  Data	
  
Analysis	
  

•  CalibraCon	
  constants	
  	
  
•  MC-­‐Data	
  discrepancy	
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Trigger	
  cuts	
  in	
  the	
  data	
  analysis	
  

1.  The	
  EC	
  calibraCon	
  constants	
  (gain)	
  are	
  
changing	
  with	
  Cme.	
  We	
  have	
  bejer	
  
calibraCon	
  now	
  than	
  at	
  Cme	
  of	
  data	
  taking	
  

2.  The	
  right	
  way	
  to	
  apply	
  the	
  trigger	
  cuts	
  is	
  to	
  
use	
  the	
  on-­‐line	
  calibraCon	
  constants	
  	
  

3.  It	
  will	
  account	
  for	
  the	
  badly	
  calibrated	
  
counters	
  during	
  data	
  taking	
  

4.  Is	
  it	
  big	
  effect?	
  Look	
  next	
  slide	
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CalibraCon	
  Constants	
  RelaCve	
  
Difference	
  (Now-­‐May,	
  2015)	
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We	
  took	
  data	
  with	
  one	
  set	
  of	
  Gains	
  but	
  simulate	
  trigger	
  
with	
  another	
  set	
  of	
  parameters.	
  That’s	
  not	
  right.	
  



EData	
  	
  =	
  83%	
  EMC	
  

MC	
   EelasCc=0.92	
  GeV	
  

EelasCc=0.725	
  GeV	
  

Data	
  

MC	
   EelasCc=0.875	
  GeV	
  

MC-­‐Data	
  energy	
  scale	
  discrepancy	
  

•  The	
  reason	
  is	
  unclear	
  for	
  a	
  
moment	
  

•  The	
  trigger	
  cuts	
  are	
  applied	
  at	
  
this	
  stage	
  of	
  analysis	
  before	
  the	
  
so	
  called	
  “sampling	
  fracCon	
  ”	
  
correcCons.	
  

•  	
  Note:	
  our	
  calorimeter	
  is	
  
homogeneous	
  calorimeter	
  and	
  
has	
  no	
  sampling	
  correcCons.	
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MC	
  cuts	
  adjustment	
  

Engineering Run Trigger Status 
 

 29 
 

Selected Cut Ranges 
x This gives the final, full set of cuts for the V7 trigger as: 

 

 Monte Carlo Hardware 
Hit Count 1 1 
Seed Energy [60 MeV, ∞) [50 MeV, ∞) 
Cluster Energy 65 MeV, 750 MeV 54 MeV, 630 MeV 
Energy Sum [215 MeV, 1,025 MeV] [180 MeV, 860 MeV] 
Energy Difference [0 MeV, 650 MeV] [0 MeV, 540 MeV] 
Energy Slope [725 MeV, ∞) [600 MeV, ∞) 
Coplanarity [30°, ∞) [30°, ∞) 
Hit Coincidence ±16 ns ±16 ns 
Pair Time Coincidence ±12 ns ±12 ns 

  

Another	
  way	
  to	
  account	
  for	
  the	
  MC-­‐Data	
  discrepancy	
  is	
  to	
  
use	
  different	
  trigger	
  cuts	
  for	
  data	
  and	
  MC.	
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Conclusion	
  

•  Trigger	
  is	
  working	
  as	
  expected	
  
•  Trigger	
  update	
  will	
  be	
  done	
  before	
  the	
  next	
  
run	
  

•  Trigger	
  documentaCon	
  is	
  95%	
  ready	
  
•  There	
  are	
  some	
  issues	
  in	
  the	
  implementaCon	
  
of	
  trigger	
  cuts	
  in	
  data	
  analysis.	
  May	
  affect	
  the	
  	
  
cross	
  secCon	
  evaluaCon.	
  Needs	
  to	
  be	
  
invesCgated	
  on	
  more	
  details.	
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Trigger	
  SeZngs	
  and	
  Rates	
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B Consolidated Trigger Settings and Rates

For ease of reference, the trigger settings defined in Tables 1 and 2 are consoli-
dated into Table 4.

Parameter Singles 0 Singles 1 Pair 0 Pair 1

E

low

0.060 GeV 0.400 GeV 0.054 GeV 0.054 GeV
E

high

2.500 GeV 1.100 GeV 1.100 GeV 0.630 GeV
N

threshold

3 hits 3 hits 1 hit 1 hit
E

sum low

— — 0.120 GeV 0.180 GeV
E

sum high

— — 2.000 GeV 0.860 GeV
E

di↵erence

— — 1.000 GeV 0.540 GeV
E

slope

— — — 0.600 GeV
F — — — 0.0055 GeV
✓

coplanarity

— — — 30�

t

coincidence

— — 16 ns 12 ns
Prescale 213 211 210 20

Rate (50 nA) 0.4 Hz 1.3 kHz 0.7 kHz 16.6 kHz

Table 4: Above are listed the cuts for all triggers. Note that the pair energy
slope and pair coplanarity cuts were disabled for the pair 0 trigger. Pair cuts
are not defined for singles triggers, so none are listed. Rates are defined as a
representative rate pulled from an average run (5772) at 50 nA at a time with
beam trips.

21



MC-­‐Data	
  elasCc	
  peak	
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•  SVT	
  momentum	
  for	
  MC(lef)	
  and	
  Data(right).	
  	
  
•  The	
  posiCon	
  of	
  the	
  peak	
  is	
  in	
  the	
  right	
  place	
  


