
Electrons	
  diffusion	
  and	
  SNR	
  effects	
  on	
  cluster	
  
detec3on	
  	
  

	
  
ON-­‐DETECTOR	
  interconnec3ons	
  effect	
  on	
  

signal	
  BW	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   2	
  

Electrons	
  diffusion	
  effects	
  on	
  cluster	
  
detec3on	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   3	
  

Garfield	
  Simula3ons	
  (C.	
  GaI)	
  

0 200 400 600 800 1000
−9

−8

−7

−6

−5

−4

−3

−2

−1

0

time[ns]

C
ur

re
nt

 [µ
A]

0 200 400 600 800 1000
−12

−10

−8

−6

−4

−2

0

time[ns]

C
ur

re
nt

 [µ
A]

0 200 400 600 800 1000
−12

−10

−8

−6

−4

−2

0

time[ns]
C

ur
re

nt
 [µ

A]

0 200 400 600 800 1000
−12

−10

−8

−6

−4

−2

0

time[ns]

C
ur

re
nt

 [µ
A]

IP=0mm	
  

IP=0.2mm	
  

IP=0.4mm	
  

IP=0.6mm	
  

•  Cell	
  Geometry:	
  ProtoII	
  (L	
  =1.4	
  cm)	
  
•  VSENSE=1850	
  
•  Gas	
  mixture=	
  He/Iso-­‐90/10	
  
•  Gas	
  gain	
  =	
  	
  1.8x105	
  

•  Par3cle	
  =	
  μ	
  (250	
  MeV)	
  
•  Gain	
  fluctua3on	
  =	
  Polya	
  (theta=0.6)	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   4	
  

SNR	
  =	
  ∞	
  ;	
  Detected	
  clusters	
  fluctua3on	
  (I)	
  

Ev#	
   Garfield	
   Detected	
  
0	
   16	
   21	
  

1	
   15	
   13	
  

2	
   16	
   17	
  

3	
   12	
   10	
  

4	
   17	
   19	
  

5	
   10	
   11	
  

..	
   …	
   …	
  

Ev#	
   Garfield	
   Detected	
  

0	
   16	
   17	
  

1	
   15	
   15	
  

2	
   16	
   15	
  

3	
   12	
   9	
  

4	
   17	
   17	
  

5	
   10	
   11	
  

..	
   …	
   …	
  

50 100 150 200 250 300 350 400 450 500 550
−10

−9

−8

−7

−6

−5

−4

−3

−2

−1

0

Time[ns]

C
ur

re
nt

 [µ
A]

IP=0.2	
  mm	
  
Garfield	
  Clusters:	
  10	
  
Detected	
  Clusters:	
  11	
  

0 50 100 150 200 250 300 350 400 450 500
−9

−8

−7

−6

−5

−4

−3

−2

−1

0

Time[ns]

C
ur

re
nt

 [µ
A]

IP=0	
  mm	
  
Garfield	
  Clusters:	
  16	
  
Detected	
  Clusters:	
  17	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   5	
  

SNR	
  =	
  ∞	
  ;	
  Detected	
  clusters	
  fluctua3on	
  (II)	
  

250 300 350 400 450 500 550
−8

−7

−6

−5

−4

−3

−2

−1

0

Time[ns]

C
ur

re
nt

 [µ
A]

Ev#	
   Garfield	
   Detected	
  
0	
   15	
   21	
  

1	
   20	
   18	
  

2	
   16	
   12	
  

3	
   13	
   13	
  

4	
   18	
   18	
  

5	
   14	
   10	
  

..	
   …	
   …	
  

IP=0.6	
  mm	
  
Garfield	
  Clusters:	
  14	
  
Detected	
  Clusters:	
  10	
  

Ev#	
   Garfield	
   Detected	
  
0	
   12	
   11	
  

1	
   15	
   12	
  

2	
   14	
   12	
  

3	
   19	
   18	
  

4	
   9	
   8	
  

5	
   17	
   14	
  

..	
   …	
   …	
  

100 150 200 250 300 350 400 450 500 550 600
−14

−12

−10

−8

−6

−4

−2

0

Time[ns]

C
ur

re
nt

 [µ
A]

IP=0.4	
  mm	
  
Garfield	
  Clusters:	
  17	
  
Detected	
  Clusters:	
  14	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   6	
  

SNR	
  =	
  ∞	
  ;	
  Detected	
  clusters	
  vs	
  Impact	
  Points	
  

17.9	
  

16.2	
  

Efficiency	
  es3mate	
  ≈	
  	
  94.5%	
  
•  VDRIFT	
  ≈	
  12	
  mm/μs	
  
•  NP	
  ≈	
  13.3/cm	
  	
  
•  Dead	
  Time	
  =	
  1ns	
  	
  	
  

0 1 2 3 4 5 6
15

16

17

18

19

20

Av
er

ag
e

IP[mm]

 

 

Garfield
Detected

0 1 2 3 4 5 6
2

3

4

5

6

7

8

R
M

S

IP[mm]

 

 

Garfield
Detected

Electrons	
  diffusion	
  effect	
  ?!	
  

Efficiency	
  @	
  IP=0	
  mm	
  ≈	
  91%	
  

1000	
  ev	
  
Dead	
  Time	
  =	
  1	
  ns	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   7	
  

SNR	
  =	
  ∞	
  ;	
  Detected	
  clusters	
  vs	
  Dead	
  Time	
  

0 2 4 6
12

13

14

15

16

17

18

19

20

Av
er

ag
e

IP[mm]

 

 

Garfield
Dead1
Dead2
Dead3
Dead4
Dead5

0 2 4 6
2

3

4

5

6

7

8

R
M

S

IP[mm]

 

 

Garfield
Dead1
Dead2
Dead3
Dead4
Dead5

Reconstructed	
  Clusters	
  (average)	
  vs	
  Dead	
  Time	
  

Reconstructed	
  Clusters	
  (	
  rms)	
  vs	
  Dead	
  Time	
  

Dead1	
  =	
  1ns	
  
Dead5	
  =	
  5ns	
  

Dead1	
  =	
  1ns	
  
Dead5	
  =	
  5ns	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   8	
  

SNR	
  =	
  ∞	
  -­‐	
  “Efficiency”	
  &	
  “Quality	
  Factor”	
  vs	
  Dead	
  Time	
  

0 2 4 6
0.23

0.24

0.25

0.26

0.27

0.28

0.29

0.3

0.31

0.32

R
M

S/
Av

er
ag

e

IP[mm]

 

 

Garfield
Dead1
Dead2
Dead3
Dead4
Dead5

Detec3on	
  “Efficiency”	
  vs	
  Dead	
  Time	
  

“Quality	
  Factor”	
  vs	
  Dead	
  Time	
  

Dead1	
  =	
  1ns	
  
Dead5	
  =	
  5ns	
  

0 2 4 6
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

"E
ffi

ci
en

cy
"

IP[mm]

 

 

Garfield
Dead1
Dead2
Dead3
Dead4
Dead5

Dead1	
  =	
  1ns	
  
Dead5	
  =	
  5ns	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   9	
  

Signal	
  SNR	
  effects	
  on	
  cluster	
  detec3on	
  	
  



G.	
  Felici	
   SuperB	
  WS	
  –	
  June	
  2012	
   10	
  

SNR	
  =	
  ∞	
  ;	
  Average	
  signal	
  es3ma3on	
  

Cluster	
  Distribu3on	
  @	
  IP	
  =	
  0	
   Cluster	
  Amplitude	
  	
  Distribu3on	
  @	
  IP	
  =	
  0	
  

5 10 15 20 25 30 35
0

100

200

300

Clusters

C
ou

nt
s

0 5 10 15 20 25 30
0

1000

2000

3000

4000

5000

Current [µA]

C
ou

nt
s

mean=16.26	
  
rms=4.21	
  

IP	
   <Current>	
  
0	
   -­‐3.146	
  

2mm	
   -­‐3.609	
  	
  

4mm	
   -­‐3.699	
  	
  

6mm	
   -­‐3.325	
  	
  

average	
   3.445	
  

•  Average	
  current	
  ≈	
  3.445	
  μA	
  
•  He/Iso-­‐90/10	
  average	
  cluster	
  mul3plicity	
  ≈	
  1.6	
  
•  Single	
  electron	
  average	
  current	
  ≈	
  2.1	
  μA	
  

0 10 20 30 40 50 60 70 80
0

100

200

300

400

500

600

700

800

900

 

 

DataFit vs. x
Polya Fit

1

 SNIC Symposium, Stanford, California – 3-6 April 2006  
 

  

1

10

100

0 500 1000 1500 2000 2500 3000 3500 4000

channel

Figure 4. Typical streamer signal charge 

Induced Signal in RPC 
C. Lu  
Princeton University, Princeton, NJ 08544, USA 
 
The RPC technology has been adopted by many present and future high energy physics experiments. They are mainly used for 
the muon ID and/or calorimeter. To design the electronics readout system for RPC, we need to understand the characteristic of 
the induced signal in RPC. In this paper I will discuss the following aspects of the RPC signal: the charge spectrum, the ratio of 
the induced charge to the total charge flowing through the RPC, the pulse shape of the signal, the induced charge spread on the 
pickup plane. The comparison between the analytical calculation and my test results shows that the presented formulae can be 
used as a decent model when people designing the readout system for RPC. 

 

1. CHARGE SPECTRUM OF RPC 
INDUCED SIGNAL 

We start from the most basic charge spectrum study 
of the RPC induced signal. The test setup is shown in 
figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Charge spectrum test setup. 

 
It uses a scintillator telescope to select the cosmic 

ray event. The width of the gate is 1Ps. A typical 
avalanche signal charge spectrum is shown in figure 2, 
together with its Polya distribution fitting curve.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 shows that the avalanche enters saturated 

mode when the mean charge of the induced avalanche 
signal reaches ~1pC.  

We also measured the streamer signal charge 
spectrum with the same RPC. Since the streamer signal 
is much larger than avalanche one, for this test we 
removed the preamplifier, let the QDC module direct 
take the signal from the strips. A typical streamer 
charge spectrum is shown in figure 4. The peak of the 
spectrum is around 250pC. At 9400V the mean charge 
of the induced avalanche signal is ~1.8pC, which is 
~1/140 of streamer induced charge.  
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Figure 2. Typical avalanche signal charge 
spectrum and its Polya fitting curve. 

Figure 3. Mean charge of the avalanche signal 
at different high voltage. 
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  a	
  =	
  	
  	
  	
  	
  	
  	
  	
  2000	
  	
  (fixed	
  at	
  bound)	
  
	
  b	
  =	
  	
  	
  	
  	
  	
  	
  1.448	
  	
  (1.442,	
  1.453)	
  
	
  c	
  =	
  	
  	
  	
  	
  	
  	
  3.146	
  	
  (3.129,	
  3.163)	
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Conclusions	
  &	
  To	
  Do	
  

§  According	
  to	
  Garfield	
  simula3ons	
  diffusion	
  has	
  a	
  not	
  negligible	
  effect	
  on	
  
detected	
  “clusters”	
  for	
  impact	
  points	
  far	
  from	
  sense	
  wires	
  (“extra	
  coun3ng”)	
  	
  

	
  
§  Dead	
  Time	
  inser3on	
  on	
  detected	
  cluster	
  algorithm	
  can,	
  par3ally,	
  compensate	
  

the	
  effect	
  of	
  “extra	
  coun3ng”	
  

§  Signal	
  SNR	
  is	
  cri3cal	
  for	
  correct	
  coun3ng.	
  Simple	
  peak	
  finding	
  algorithm	
  applied	
  
to	
  Garfield	
  simulated	
  signal	
  shows	
  that	
  SNR	
  should	
  be	
  grater	
  than	
  8	
  

§  Interconnec3ons	
  between	
  Sense	
  Wires	
  and	
  ON-­‐DETECTOR	
  electronics	
  must	
  be	
  
carefully	
  designed	
  to	
  avoid	
  signal	
  or	
  BW	
  distor3on	
  	
  

§  Finalize	
  TDR	
  DCH	
  FEE	
  sec3on	
  &	
  LVPS	
  requirements	
  
	
  
§  Analysis	
  on	
  Garfield	
  data	
  sets	
  using	
  more	
  advanced	
  (and	
  3me	
  consuming)	
  

algorithms	
  
	
  
§  Evaluate	
  contribu3on	
  of	
  sense	
  wire	
  resistance	
  on	
  signal	
  propaga3on	
  


