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Intro	  
•  TRIUMF	  beam	  data	  taken	  Nov	  25th	  to	  Dec	  5th,	  2011	  

•  e+	  μ+	  π+	  of	  various	  momenta	  from	  120	  to	  330MeV/c	  

•  Square	  cell	  with	  wires	  0.75cm	  apart	  

•  Full	  length	  of	  270cm	  with	  data	  taken	  at	  4	  distances	  from	  preamp	  

•  3	  gases	  of	  He:Isobutane	  

–  80:20	  
–  90:10	  
–  95:5	  

•  HV	  side	  terminated	  and	  not	  

•  Wentek	  preamp	  and	  
prototype	  from	  McGill	  designed	  by	  
Jean-‐Pierre	  

Dec	  13,	  2011	   Rocky	  So	   2	  

S	  

F	  F	   F	  

F	  

F	  

F	  

F	  F	   B	  B	  

B	  

B	  

B	  

B	  

S	  =	  20um	  gold	  plated	  Mo	  
B	  =	  F	  =	  80um	  gold	  plated	  Al	  



Setup	  
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•  Use	  a	  Bme	  of	  flight	  system	  to	  measure	  parBcle	  
velocity	  with	  a	  known	  momentum	  

•  Record	  waveforms	  at	  4	  PhotoMulBplierTubes	  
and	  DriaCHamber	  

•  Trigger	  on	  the	  coincidence	  of	  all	  4	  PMTs	  

•  Delay	  PMT	  for	  80ns	  to	  account	  for	  dria	  Bme	  



Top	  View	  SchemaBc	  
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All	  of	  my	  plots	  today	  are	  
140	  MeV/c	  through	  the	  
centre	  at	  90	  degrees	  
incident	  with	  HV	  end	  
terminated	  



PMT	  Waveforms	  
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hPMT0waveform0
Entries  2560

Mean    36.37±  994.6 

RMS     25.72±  549.1 

Underflow       0

Overflow        0

Integral    -906

0 500 1000 1500 2000 2500

-800

-600

-400

-200

0

hPMT0waveform0
Entries  2560

Mean    36.37±  994.6 

RMS     25.72±  549.1 

Underflow       0

Overflow        0

Integral    -906

PMT0 waveform hPMT1waveform0
Entries  2560

Mean     45.8±  742.6 

RMS     32.39±    410 
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PMT1 waveform
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PMT2 waveform hPMT3waveform0
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Mean    32.85±   1148 

RMS     23.23±  740.7 
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PMT3 waveform

PMT0	  
With	  Wentek	  amplifier	  

PMT1	  
With	  Wentek	  amplifier	  

PMT2	  
With	  a	  20	  db	  amplifier	  

PMT3	  
With	  a	  20	  db	  amplifier	  



DCH	  waveform	  

hDCHwaveform0
Entries  2560

Mean    16.85±   1201 

RMS     11.91±  470.2 

Underflow       0

Overflow        0

Integral  -2.338e+04
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DCH waveform
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clusters!	  



Empty	  DCH	  waveform	  
hDCHwaveform1
Entries  2560

Mean    18.34±   1318 

RMS     12.97±  696.8 

Underflow       0

Overflow        0

Integral    4415
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DCH waveform
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Some	  ringing?	  



Hypothesis:	  ParBcle	  misses	  our	  cell	  
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Cut	  on	  the	  integral	  of	  DCH	  waveform	  

hDCHintAll
Entries  32934

Mean    81.24± -1.182e+04 

RMS     57.45± 1.457e+04 

Underflow     674

Overflow       80

Integral  3.218e+04
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Integrated signal
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Empty	  waveforms	  
suggests	  DC	  offset	  and	  
gives	  us	  an	  idea	  on	  
the	  size	  of	  resoluBon	  

Nice	  waveforms	  

Mean	  =	  4000	  
RMS	  =	  1000	  



Or	  cut	  on	  the	  minimum	  of	  DCH	  waveform	  

hDCHmin
Entries  32934

Mean    1.024± -158.4 

RMS    0.7244±  182.4 

Underflow    1210

Overflow        4

Integral  3.172e+04
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Minimum of DCH waveform
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Nice	  waveforms	  
Empty	  waveforms	  



Time	  of	  Flight	  of	  140MeV/c	  ParBcles	  

hTOFactualNoDCH
Entries  13349

Mean    1.515±  17.44 

RMS     1.071±  1.503 

Underflow  0.003596

Overflow   0.006817

Integral  0.9846

Time to travel 3.92m (ns)
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Entries  13349

Mean    1.515±  17.44 

RMS     1.071±  1.503 

Underflow  0.003596

Overflow   0.006817

Integral  0.9846

Time of Flight no DCH hit

hTOFactualYesDCH
Entries  19585

Mean   0.01005±  17.07 

RMS    0.007105±  1.403 

Underflow  0.002669

Overflow   0.001612

Integral  0.9821
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Black	  =	  Nice	  waveforms	  	  
DCHintegral	  <	  -‐5000	  
Red	  =	  Empty	  waveforms	  
DCHintegral	  >	  -‐5000	  

e+	   μ+	   π+	  

???	  



DCH	  noise	  

•  Use	  first	  300	  channels	  of	  waveform	  

•  Calculate	  mean	  and	  RMS	  in	  ADC	  counts	  
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hDCHfirst300mean
Entries  32934

Mean   0.004761±  1.582 

RMS    0.003366± 0.8634 

Underflow      39

Overflow        5

Integral  3.289e+04
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Mean of first 300 channels in DCH waveform hDCHfirst300RMS
Entries  32934

Mean   0.001567±  2.403 

RMS    0.001108± 0.2832 

Underflow       0

Overflow      297

Integral  3.264e+04
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hDCHfirst300RMS
Entries  32934

Mean   0.001567±  2.403 

RMS    0.001108± 0.2832 

Underflow       0

Overflow      297

Integral  3.264e+04

RMS of first 300 channels in DCH waveform

DC	  offset	  
=	  2560	  channels	  x	  1.582	  
=	  4050	  



DCH	  Waveform	  SaturaBon	  

•  Fix	  integral	  of	  waveform	  accordingly	  

•  Subtract	  4000	  from	  channel	  when	  it’s	  >	  1500	  

•  ~2%	  of	  non-‐empty	  waveforms	  saturate	  
–  EssenBally	  all	  tossed	  out	  in	  truncated	  mean	  anyway	  as	  discussed	  later	  
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hDCHsaturated
Entries  2560

Mean    29.41±  600.8 

RMS      20.8±  305.7 

Underflow       0

Overflow        0

Integral  -2.288e+04
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A saturated DCH waveform hDCHsaturatedFixWaveform

Entries  2560

Mean    29.24±  603.8 

RMS     20.68±  309.4 

Underflow       0

Overflow        0

Integral  -1.189e+05
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A saturated DCH waveform fixed



PMT	  Waveform	  SaturaBon	  

•  Remove	  events	  with	  PMT0	  or	  PMT1	  saturaBon	  

•  There	  was	  no	  PMT2	  or	  PMT3	  saturaBon	  

Dec	  13,	  2011	   Rocky	  So	   14	  

hPMT0saturated
Entries  2560

Mean    40.14±    921 

RMS     28.38±  527.8 

Underflow       0

Overflow        0

Integral  2.087e+04
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A saturated PMT0 waveform hPMT1saturated
Entries  2560

Mean    40.03±    700 

RMS      28.3±  325.6 

Underflow       0

Overflow        0

Integral  1.386e+04

0 500 1000 1500 2000 2500

-1500

-1000

-500

0

500

1000

1500

2000

hPMT1saturated
Entries  2560

Mean    40.03±    700 

RMS      28.3±  325.6 

Underflow       0

Overflow        0

Integral  1.386e+04

A saturated PMT1 waveform



Event	  selecBon	  summary	  

•  Corrected	  DCH	  waveform	  integral	  <	  -‐5000	  
•  No	  PMT0	  or	  PMT1	  saturaBon	  

– Maximum	  <	  1500	  

•  10ns	  <	  e+	  TOF	  <	  15ns	  
•  15ns	  <	  μ+	  TOF	  <	  18ns	  

•  18ns	  <	  π+	  TOF	  <	  20ns	  
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End	  of	  the	  boring	  part…	  
Now	  comes	  the	  exciBng	  part!	  

•  Take	  40	  parBcles	  of	  the	  same	  species	  using	  TOF,	  call	  it	  a	  
SuperB	  track	  

•  Take	  the	  integral	  of	  the	  DCH	  waveform,	  subtract	  DC	  offset	  of	  
4050,	  and	  mulBply	  by	  -‐1	  (since	  our	  signal	  is	  negaBve	  but	  
energy	  deposited	  is	  posiBve)	  	  
“Energy	  deposited”	  =	  -‐(DCHintegral	  -‐	  4050)	  

•  Truncate	  the	  highest	  30%	  

•  Average	  the	  remaining	  70%	  DCH	  integrals	  

•  Result	  is	  proporBonal	  to	  dE/dx	  
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Babar	  dE/dx	  

•  Babar	  had	  a	  dE/dx	  
resoluBon	  of	  7%	  with	  
40	  layers	  of	  cells	  

•  SeparaBon	  of	  μ+	  and	  π+	  
at	  140MeV/c	  is	  similar	  
to	  separaBon	  of	  K	  and	  π	  

at	  3GeV/c	  
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140MeV/c	   3GeV/c	  



heTrkTruncatedMean_dEdx

Entries  19

Mean    203.7± 2.222e+04 

RMS       144±  887.7 

Underflow       0

Overflow        0

Integral       1
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Entries  19

Mean    203.7± 2.222e+04 

RMS       144±  887.7 

Underflow       0
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Integral       1

hmuTrkTruncatedMean_dEdx

Entries  314

Mean    53.04± 2.23e+04 

RMS     37.51±  939.9 

Underflow       0

Overflow        0

Integral     314

hpiTrkTruncatedMean_dEdx

Entries  152

Mean    80.38± 2.549e+04 

RMS     56.84±    991 

Underflow       0

Overflow        0

Integral     152
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ADC	  counts	  

80:20	  gas	  
dE/dx	  

2100V	  sense	  
1195V	  bias	  

~2x105	  gas	  gain	  

red	  =	  e+	  
blue	  =	  μ+	  
black	  =	  π+	  



Beam	  Test	  ResoluBon	  

•  For	  example:	  

•  π+	  peaks	  at	  25000	  ADC	  counts	  
•  RMS	  =	  1000	  ADC	  counts	  

•  1000	  /	  25000	  =	  4%	  
•  However,	  dE/dx	  is	  lower	  at	  3GeV/c,	  so	  the	  
extrapolated	  resoluBon	  will	  be	  more	  than	  4%	  

•  Comparable	  to	  Babar	  	  
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heTrkTruncatedMean_dEdx

Entries  34

Mean    121.6± 1.778e+04 

RMS        86±  709.2 

Underflow       0

Overflow        0

Integral       1
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Integral       1

hmuTrkTruncatedMean_dEdx

Entries  366

Mean    48.43± 1.755e+04 

RMS     34.25±  926.6 

Underflow       0

Overflow        0

Integral     366

hpiTrkTruncatedMean_dEdx

Entries  189

Mean    72.91± 2.057e+04 

RMS     51.55±   1002 

Underflow       0

Overflow        0

Integral     189
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ADC	  counts	  

90:10	  gas	  
dE/dx	  

1800V	  sense	  
1023V	  bias	  

~2x105	  gas	  gain	  

red	  =	  e+	  
blue	  =	  μ+	  
black	  =	  π+	  



Compare	  with	  Garfield	  Results	  for	  
90:10	  Gas	  

•  Our	  beam	  was	  more	  like	  137MeV/c	  
–  70MeV	  μ+	  →	  18	  clusters	  

–  60MeV	  π+	  →	  21	  clusters	  

–  18/21	  ≈	  86%	  

•  I	  got:	  

•  17550	  ADC	  for	  μ+	  	  

•  20570	  ADC	  for	  π+	  	  

–  17550/22520	  ≈	  85%	  	  
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μ+	  	  
π+	  



heTrkTruncatedMean_dEdx

Entries  92

Mean    144.7± 2.017e+04 

RMS     102.3±   1388 

Underflow       0

Overflow        0

Integral       1
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Entries  1805

Mean    32.99± 1.996e+04 

RMS     23.33±   1402 
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hpiTrkTruncatedMean_dEdx

Entries  1525

Mean    37.21± 2.252e+04 

RMS     26.31±   1453 

Underflow       0

Overflow        0

Integral    1525
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ADC	  counts	  

95:5	  gas	  
dE/dx	  

1580V	  sense	  
898V	  bias	  

~2x105	  gas	  gain	  

red	  =	  e+	  
blue	  =	  μ+	  
black	  =	  π+	  



Findings	  summary	  
Mean (ADC) RMS (ADC) RMS / Mean 

80:20 e 22200 900 0.04 
80:20 µ 22300 900 0.04 
80:20 π 25500 1000 0.04 

90:10 e 17800 700 0.04 
90:10 µ 17600 900 0.05 
90:10 π 20600 1000 0.05 

95:5 e 20200 1400 0.07 
95:5 µ 19960 1400 0.07 
95:5 π 22520 1450 0.06 
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π – µ 
(ADC) 

Total RMS 
(ADC) Total RMS / (π – µ) Ratio of 

means π/µ uncertainty 

80:20 µ π 3200 1300 2.4 1.14 0.06 
90:10 µ π 3000 1300 2.2 1.17 0.07 
95:5 µ π 2560 2000 1.3 1.13 0.10 



Outlook	  

•  Lots	  of	  data	  to	  analyze	  
•  Look	  at	  different	  momenta,	  distance	  from	  
preamp,	  and	  angle	  

•  Lots	  of	  clusters	  to	  count	  if	  you	  are	  interested	  
•  Another	  beam	  test	  next	  spring?	  
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Extra	  Slides	  
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DCH	  maximum	  
hDCHmax

Entries  32934

Mean     1.35±  39.82 

RMS    0.9548±  245.1 

Underflow       0

Overflow        0

Integral  3.293e+04
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Entries  32934
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Integral  3.293e+04

Maximum of DCH waveform
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So	  few	  DCH	  waveforms	  are	  saturated	  anyway	  



DCH	  integral	  aaer	  fixing	  
hDCHcorrectedSaturatedInt

Entries  458

Mean        0± -5.692e+04 

RMS         0±      0 

Underflow     457

Overflow        0

Integral       1
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Entries  458

Mean        0± -5.692e+04 

RMS         0±      0 

Underflow     457

Overflow        0

Integral       1

DCH integral corrected for saturation
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hPMT0min
Entries  32934

Mean     1.63±  -1220 

RMS     1.153±  295.8 

Underflow       0

Overflow        0

Integral  3.293e+04
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PMT	  Maximum	  
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