
The first order estimation of TTS of an LAPPD 
using a fast oscilloscope 

Deb Sankar Bhattacharya, 19 July 2023,  
Internal Group Discussion, INFN, Trieste

1

"Transfer Field Scan"



2

hTime
Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  8.372 / 7
Prob   0.3009
Constant  4.39± 79.79 
Mean      8.072e+00± 3.533e+04 
Sigma     14.4± 117.7 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

10

20

30

40

50

60

70

80

90

en
tri

es
/5

0(
ps

) hTime
Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  8.372 / 7
Prob   0.3009
Constant  4.39± 79.79 
Mean      8.072e+00± 3.533e+04 
Sigma     14.4± 117.7 

hTime

hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  16.15 / 6
Prob   0.01297
Constant  5.9± 127.9 
Mean      7.353e+00± 3.534e+04 
Sigma     15.2± 118.7 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

160

en
tri

es
/5

0(
ps

) hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  16.15 / 6
Prob   0.01297
Constant  5.9± 127.9 
Mean      7.353e+00± 3.534e+04 
Sigma     15.2± 118.7 

hTime

hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ   2.16 / 4
Prob   0.7063
Constant  6.8± 126.5 
Mean      6.002e+00± 3.531e+04 
Sigma     12.16± 88.15 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

en
tri

es
/5

0(
ps

) hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ   2.16 / 4
Prob   0.7063
Constant  6.8± 126.5 
Mean      6.002e+00± 3.531e+04 
Sigma     12.16± 88.15 

hTime

hTime
Entries  2344
Mean   3.53e+04
Std Dev     221.8

 / ndf 2χ  4.808 / 6
Prob   0.5686
Constant  7.1±   196 
Mean      3.681e+00± 3.526e+04 
Sigma     7.6± 102.6 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

160

180

200

en
tri

es
/5

0(
ps

) hTime
Entries  2344
Mean   3.53e+04
Std Dev     221.8

 / ndf 2χ  4.808 / 6
Prob   0.5686
Constant  7.1±   196 
Mean      3.681e+00± 3.526e+04 
Sigma     7.6± 102.6 

hTime

hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  0.2048 / 4
Prob   0.9951
Constant  8.6± 207.3 
Mean      4.380e+00± 3.534e+04 
Sigma     8.39± 84.73 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

160

180

200

en
tri

es
/5

0(
ps

) hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  0.2048 / 4
Prob   0.9951
Constant  8.6± 207.3 
Mean      4.380e+00± 3.534e+04 
Sigma     8.39± 84.73 

hTime

100-850-100-850-200

100-850-100-850-300

100-850-200-850-100

100-850-300-850-100

100-850-200-850-200Bin 25

se
co

nd
 tr

an
sf

er
 g

ap

fir
st

 tr
an

sf
er

 g
ap

fitt
ing m

acr
o (

FW
HM)



hTime
Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  2.509 / 2
Prob   0.2852
Constant  8.8± 157.5 
Mean      8.971e+00± 3.533e+04 
Sigma     17.8± 124.7 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

160
en

tri
es

/5
0(

ps
) hTime

Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  2.509 / 2
Prob   0.2852
Constant  8.8± 157.5 
Mean      8.971e+00± 3.533e+04 
Sigma     17.8± 124.7 

hTime

hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  1.416 / 1
Prob   0.234
Constant  12.8± 262.9 
Mean      9.057e+00± 3.533e+04 
Sigma     17.9± 110.8 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

en
tri

es
/5

0(
ps

) hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  1.416 / 1
Prob   0.234
Constant  12.8± 262.9 
Mean      9.057e+00± 3.533e+04 
Sigma     17.9± 110.8 

hTime

hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ 09 / 0− 6.769e
Prob       0
Constant  16.0± 260.7 
Mean      5.616e+00± 3.532e+04 
Sigma     12.74± 73.86 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

en
tri

es
/5

0(
ps

) hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ 09 / 0− 6.769e
Prob       0
Constant  16.0± 260.7 
Mean      5.616e+00± 3.532e+04 
Sigma     12.74± 73.86 

hTime

hTime
Entries  2344
Mean   3.53e+04
Std Dev     221.8

 / ndf 2χ  0.0622 / 1
Prob   0.8031
Constant  16.0± 397.8 
Mean      5.453e+00± 3.526e+04 
Sigma     10.29± 97.84 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

300

350

400

en
tri

es
/5

0(
ps

) hTime
Entries  2344
Mean   3.53e+04
Std Dev     221.8

 / ndf 2χ  0.0622 / 1
Prob   0.8031
Constant  16.0± 397.8 
Mean      5.453e+00± 3.526e+04 
Sigma     10.29± 97.84 

hTime

hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  1.773 / 2
Prob   0.4121
Constant  14.7± 401.6 
Mean      3.550e+00± 3.533e+04 
Sigma     5.39± 93.93 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

300

350

400

en
tri

es
/5

0(
ps

) hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  1.773 / 2
Prob   0.4121
Constant  14.7± 401.6 
Mean      3.550e+00± 3.533e+04 
Sigma     5.39± 93.93 

hTime

100-850-100-850-200

100-850-100-850-300

100-850-200-850-100

100-850-300-850-100

100-850-200-850-200Bin 50

se
co

nd
 tr

an
sf

er
 g

ap

fir
st

 tr
an

sf
er

 g
ap

fitt
ing m

acr
o (

FW
HM)



hTime
Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  10.76 / 4
Prob   0.02942
Constant  7.8± 164.8 
Mean      4.813e+00± 3.532e+04 
Sigma     5.1± 103.6 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

20

40

60

80

100

120

140

160
en

tri
es

/5
0(

ps
) hTime

Entries  955
Mean   3.535e+04
Std Dev     192.3

 / ndf 2χ  10.76 / 4
Prob   0.02942
Constant  7.8± 164.8 
Mean      4.813e+00± 3.532e+04 
Sigma     5.1± 103.6 

hTime

hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  11.94 / 4
Prob   0.01781
Constant  10.1± 265.2 
Mean      3.889e+00± 3.532e+04 
Sigma     4.4± 106.5 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

en
tri

es
/5

0(
ps

) hTime
Entries  1590
Mean   3.535e+04
Std Dev     191.9

 / ndf 2χ  11.94 / 4
Prob   0.01781
Constant  10.1± 265.2 
Mean      3.889e+00± 3.532e+04 
Sigma     4.4± 106.5 

hTime

hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ  1.432 / 1
Prob   0.2315
Constant  12.8±   249 
Mean      6.344e+00± 3.531e+04 
Sigma     11.55± 93.59 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

en
tri

es
/5

0(
ps

) hTime
Entries  1413
Mean   3.534e+04
Std Dev     213.3

 / ndf 2χ  1.432 / 1
Prob   0.2315
Constant  12.8±   249 
Mean      6.344e+00± 3.531e+04 
Sigma     11.55± 93.59 

hTime

hTime
Entries  2343
Mean   3.53e+04
Std Dev     221.9

 / ndf 2χ  1.605 / 3
Prob   0.6582
Constant  13.2± 390.9 
Mean      3.469e+00± 3.526e+04 
Sigma     4.7± 103.5 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

300

350

400

en
tri

es
/5

0(
ps

) hTime
Entries  2343
Mean   3.53e+04
Std Dev     221.9

 / ndf 2χ  1.605 / 3
Prob   0.6582
Constant  13.2± 390.9 
Mean      3.469e+00± 3.526e+04 
Sigma     4.7± 103.5 

hTime

hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  1.773 / 2
Prob   0.4121
Constant  14.7± 401.6 
Mean      3.550e+00± 3.533e+04 
Sigma     5.39± 93.93 

34000 34500 35000 35500 36000 36500 37000 37500 38000 38500 39000
time(ps)

0

50

100

150

200

250

300

350

400

en
tri

es
/5

0(
ps

) hTime
Entries  2439
Mean   3.543e+04
Std Dev     382.8

 / ndf 2χ  1.773 / 2
Prob   0.4121
Constant  14.7± 401.6 
Mean      3.550e+00± 3.533e+04 
Sigma     5.39± 93.93 

hTime

100-850-100-850-200

100-850-100-850-300

100-850-200-850-100

100-850-300-850-100

100-850-200-850-200Bin 50

fitt
ing b

y-h
an

d (g
rtn

 FW
HM)

se
co

nd
 tr

an
sf

er
 g

ap

fir
st

 tr
an

sf
er

 g
ap



10 15 20 25 30 35 40 45 50

 PC Voltage [V]

60

80

100

120

140

160

180

200

220

240

 T
TS

 [p
s]

TTS curveTTS curve

5

10
0-

85
0-

20
0-

85
0-

20
0

10
0-

85
0-

20
0-

85
0-

10
0

10
0-

85
0-

30
0-

85
0-

10
0

10
0-

85
0-

10
0-

85
0-

20
0

10
0-

85
0-

10
0-

85
0-

30
0

Bin 50

first-transfer-gap

second-transfer-gap

different cases


