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@ Results on NA measurement of GRIN lens

most of the measurements done by Alessandro;
all lens measured;

@ Preliminary study of time distribution for calibration system using
Bellell simulation
Idea is to try to compare results from module 1 test at Fuji-hall with
what is expected from simulation;
do we understand what we see?
is the simulation proper?
how can we extract calibration constant from measurements?
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NA along x and y for all lens INFN

Total 176 lens A hx

Entries 176

16
X2/ ndf 38.47/31
Needed 9-16 = 144 14 Prob 0.1672
12 Constant 8.725+1.011

Mean 0.5048 + 0.0065
Sigma  0.0655 + 0.0063

avg (NA) =0.51 10
bad NA < 0.4: 23 :
good NA > 0.4: 153 ;
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E ] 16— X2 I ndf 54.61/34
0.4 1 == Prob 0.01395
. E E ; Constant 7.504 £0.921
0.3F E 2 E Mean 0.5108  0.0070
~r ] 0 Sigma  0.06788 + 0.00705
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@ NA clearly not
uniform

@ Most of the bad lens
are from last batch

@ Three separate
populations are
visible
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NA vs block number (time) !
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D
Three lens batches

Entries [ G T T
Constant  [9.007 = 2.032
E odsiss 3
Mean 5535+ 0.0054 E NA_x=0.48 NA_x=0.56 3
C jma 0.02344+00037p y NA_x=0.48 3
Sigma 00§55 2 0.00726 E
L Entries 7 3
10 | L L L L T L , , J
N Constant ~ 6.861+ 1.47§ 20 40 60 80 100 120 140 160 180 200
E Mean 04697 20,007} 0.7 T
sE il [ ]
E Sigma 0.05434 + 00102} r -
85 p 5 TUN S I 0.6~ -
.2 0.3 0.4 0.5 0.6 0.7 0.8 L ]
e T r . ]
Constant 41,08+ 205 r . ]
Vean  dazoz+00045 0.3 1
E ama F ]
Sigma 0,001 0.00414 F ]
£ Entries # 02? |
10 = = q
sE Constant 5,534 + 108 r J
6F Mean 04641+ 0,03 0.1~ -
4E Sigma 0.07567 + 0.0130] L ]
2 E| o !
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Laser light profile on PMT

Laser Profile on PMTs
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Each PMT is illuminated by two laser sources
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=S | aser light profile on PMT

Each PMT is illuminated by two laser sources
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What if NA is lower than expected? INFN

NA=0.55, NA=0.47

Laser Profile on PMTs.
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What if NA is lower than expected? INFN

Laser Profile on PMTs
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a bit worse in the lower PMT: down to —40%
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CRT timing resolution analysis
o Circulated by Matsuoka-san in iTOP CRT list on 24/9/2015 link
using run 00298-00318

three peaks structure seen for time distribution

°
°

o Different for different channels

@ attributed to different photon path: direct, 1 reflection, 2 reflections
°

Time resolution seen ~ 80 ps

Can we see that on simulation?

@ Test both data and simulation.
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https://www.phys.hawaii.edu/elog/iTOP+Cosmic+Ray+Telescope/1198/1

run00298-00318

TDC distribution
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Board stack #1
[=
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Vlewed from the prism toward the PMTs
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1000 < ADC <150(])

E Enties 7698
400 Mean 0.02154
E RMS 03981
= Constantl 25184106
E Mean1 -0.2827+ 0.0044
E Constant2 2574466
E 1180 ps | Mean2 01400
E Constant3 24392194
E Mean3 0.004975 + 0.016334
E Sigma 007957+ 0.00296

5553
time (ns)
Probably three peaks by direct photons
and those reflected once and twice

=allE

15

_ At,, ~150 ps
At,, ~ 260 ps
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' Ws] Simulation setup: central channel INFN
Belle IT (%
@ Simulate only two laser sources; F
@ Select 3 different emitting “
angles, with narrow width (2°) 1o
» relative light yield included L , .
@ illuminating the same PMT in 2 pa
channels; B pars—
» direct PMT illumination - Dz‘
» one reﬂection 7‘—&4‘ ' ‘—éz‘ ' ‘—éo‘ ' ‘*7‘8‘ ' ‘—7‘6‘ - ‘—7‘4‘ - ‘—7‘2‘ - ‘—;0‘ - ‘—e‘s 66
> two reflection
@ look at MC ~ time-of-decay; e
@ look at TDC (1 TDC = 25 ps); “F
@ ADC not simulated in MCl; 7
@ Use two lasers: g e
40 ps used in CRT T

25 ps used in Bellell
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SimHit ~ time-of-decay: central PMT, o, = 40 ps

Two different PMT channels

X/ ndf
X

443419

X2/ ndf

15.212/9

naf

74110

X2/ ndf 1177019
VT I TTT ET TT
pob [ 227
Constant :31 250+ 3.243
Mean [ 0.393+0.003
sigma [ 0.041+0.003
ST
251
20
151
10

At(0— 1) = 111/115 ps; At(0 — 2) = 296/285 ps; At(1 — 2) = 186/171 ps

TTTTTT[TTTT
T

FrprroyoTTT
_I boss

Pro 1] Prob

Constant39.914 Constant [35.545 + 3.855
Mean | 0.398+0.003
Sigma [ 0.036 + 0.003

X2 1o 6.118/7]

Prob 0526 ]

Constant 17.364+ 2.2727]

Mean 0690+ 0.005 ] 20+

Sigma

0.042 £ 00049

-0.4-02 0 02040608 1 1214

0+(0) = 41/36 ps; o+(1) = 42/40 ps; 0+(2) = 42/42 ps
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Constant46.7

X nal
Prob
Constant

Mean

sigma

5370/ 8

07174
15.700 + 2.109-]
0.683 + 0,005}
0,042+ 0003
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=3 TDC ~

central PMT. Laser g, = 40 ps

59//917 Two dlfferent PMT channels
¥2 / ndf 21.273/25 XIndi  38.849/28 X2/ ndf 56.923 /29
T[TTT [T T[T rrr[rrr[rrr TTTTTT FryTrr[rrrrrr[rrrrrr[rrr
Prob [ I 13.677 T T T T WIJ f Prob L I hom T T T T
Constant[t5.794 + 2.021 Constan! ConslanlI7 160+ 2.121
Mean  [0.388 + 0.009 Mean Mean [0.393+ 0.007
Sigma  [0.098 + 0.012 Sigma  [0.070 + 0.006 sigma 0
16F = [ ]
14F 3 20f .
12 H = I - .
F X2/ ndf 19.280/ 187 + X2/ ndf 8.509/ 184
[ Prob 0475 15 Prob osrer]
10 Constant  7.758 + 1.23T] I Constant 10:310+ 1586
b Mean 0687200127 r Mean  0688:+0009]
8— Sigma 0.099 + 0.013- L Sigma 0.077 + 0.009
F 10
6 [
4 5'
i3 J/
P Rl

At(0 — 1) = 118/117 ps; At(0 — 2) = 299/296 ps; At(1 —2) = 181/179 ps

-04-02 0 02040608 1 1214

0
-04-02 0 02040608 11214

0+(0) = 98/69.9 ps; 0+(1) = 86/85.1 ps; 0+(2) =99/77.5 ps
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SimHit ~ time-of-decay: central PMT, o; = 27 ps inen

Two different PMT channels (5

X2/ ndf 1.647/4 X2/ ndf 5 X2/ ndf 2415/4 X
FTTTTrr[rrr I rrrrrr[rrr TT]TTT[TTT FryTrr I rrr[rrr[rer[rrr TT
Prob —I L]EOO I I I I Pw‘ { 0. Prob F I L}.GSO I I I I F
Constant [51.118 + 5.084 ] Constant [50.523 + 4.652
Mean ;0 396 + 0.002 ] Mean I 0.392 + 0.002
Sigma [ 0.025+ 0.002 y sigma [ 0.029+0.002
60 ] 60~ ]
50 E 50F E
r ¥t 15774 [ Tt T34
40f 40F ourt]
r Constant 23.726 + 3.583 F Constant 21938 + 3.117-
o Mean 06940003 [ Mean 0,692 +0003
30F soma_o0zr 005} 30F som__oonn-oore]
201 E 20 .
10F j . 10F ]
bbb owo b el M 1] bbb ey bt W 1
-0.4-02 0 02040608 1 1214 -0.4-02 0 02040608 1 1.21.4

A0 — 1) = 111/115 ps; At(0 — 2) = 296/285 ps; At(1 — 2) = 186/171 ps
0+(0) = 41/36 ps; o+(1) = 42/40 ps; 0+(2) = 42/42 ps
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Be/le Jig

=3 TDC ~

central PMT. Laser o;
Two dlfferent PMT channels

=27 ps

X2/ ndf 23.433/22 X2 XeIndf  33.894/24
T[TTT [T T rrr[rrr[rrr[rrr TTTTTT TTTT T I rr [ rrr[rrrrrr
e L [NRALARALRARIE 18 RN pob [ 1 boer T
Constant [16.065 + 2.002 Constant28.06: Constant[21.101+ 2.241 Constant27
Mean  [-0.396+0.008 Mean Mean [0.387+ 0.006 Mean 0513400
Sigma [ 0.086 + 0.009 igma 0,070+ 0.0 sigma  [0.070:+ 0.005 sigma o ]
N . I5F =
251 b ]
20k 20f B
F [N I Tnd 15011116
[ Prob 0.715] 15F Prob 0524
15k Consiant 8657+ 1422 [ Consiant 8268 +1.452]
o Mean 0.679 £ 0.0117 r Mean 0.698 + 0.0117]
r Signa 0.081+0.010 | Signa___ 0.0840012]]
N 10k ]
10F or ]
51 St 7]
L C'.H...I...I.H LN 1

At(0 — 1) = 102/126 ps; At(0 — 2) = 283/311 ps; At(1 —2) = 180/185 ps

0
-0.4-02 0 02040608 11214

-04-02 0 02040608 1 1214

0+(0) =86/70 ps; 0+(1) =70/85 ps; 0+(2) = 81/84 ps
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TDC distribution
000 <ADC<1500

g 15 25
)
E ! 20
15
o 10
-0.5 5
_ 1 N 1 L o
10 1000 2000 3000 4000
ADC
Board stack #1 This channel
=
6 8 10 12 14 16
Vlewed from the prism toward the PMTs
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run00298-00318
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-1

Entries 1694

Mean 0.0292

RMS 0.3439

%2/ ndf 17.8/16

Constant 125.1+45

Mean -0.08937 + 0.00445

Sigma 0.08328 + 0.00313

o =83.3 ps
SPRAY L (YR

—0 5 0 05 1 15 2 2 5 3
time (ns)

Cannot distinguish direct photons and

those reflected once in this channel

=allE
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2 Reflections.

Decay vertex
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[Coirection
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@ Same as before, but selecting a PMT on the border of Expansion Box;

o Select 3 different emitting angles, with narrow width (2°)
@ illuminating the same PMT in 2 channels;
» direct PMT illumination

e NB: relative light yield not simulated (yet)

S

» one reflection
» two reflection
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I=y SimHit v time-of-decay: Border PMT, o = 40 ps inen

Belle I

Two different PMT channels

X2/ ndf 832717 X2/ ndf 10.678/8 X
Frprrryrrorrrrrrrrrorrrr FryTrT[ I T rrr[rrrrrr

Pob [ T 50 rrrr e pob [ T INRLARE R S

Constant [19.525 + 2.843 co 4] Constant [17.976 + 2.739

Mean [ 0.440+0.005 Mean  0.460+0.004] Mean [ 0.441%0.006

Sigma  [0.038 + 0.004 Sigma 0,039+ 0.007] Sigma  [0.042 + 0.005

150 S Tt EETEy 151 Tt 29775
N Prob 0651 Prob 0704 ]
[ Constant 4.147 = 1.318 | Constant 3560 2 1.398 |
L Mean 072120012 Mean 073720012
L sigma 0.0442 0,015 Sigma__ 00410016
O-IIIIIIIIIIIIIII C-Illlllllllllllltw

-04-02 0 02040608 1 1214

-0.4-02 0 0.20.40.6 0.

8 11214

A0 — 1) =19.7/19.6 ps At(0 — 2) = 281/296 ps At(1 — 2) = 261/276 ps
0+(0) = 38/42 ps (1) = 39/43 ps o.(2) = 44/41 ps
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=4 TDC ~ time-of-decay: Border PMT, o, = 40 ps  inew

CTY8 Two different PMT channels C
X2/ ndf 17.192/23 X2/ndf 18 X2/ ndf 18.865 / 25 X2/ nd 26739/ 2
T[TTT [T T[T [rrr[rrr[rrr TTTTTT[TT FryTrr[rrorrrr[rrr[rrr[rrr TTr[rrryrrr|74
Prob [ T !7.800 T T T M l] T Prob | T 5.804 T T T T wj T 0 LL
Constant[8.127 + 1.203 Constant12.73; Constant| 9.327 + 1.387 Constant10.830
Mean  [9.450+ 0.012 Mean 0.5 Mean  [0.440+ 0.012 Mean  0.488% 0
Sigma  [0.102 + 0.011 Sigma 0,087+ 0.008] Sigma  10.094 + 0.012 Sigma 0,091+ 0,009
14F 7 i ]
- ] 10p i 8
121 ] [ \ ]
10F X n 8- 1 ]
o X2/ ndf 2715/ 11: X? / ndf 6.395/6 |
L Prob 0994 [ Prob 0380
s Consiant 2386 £ 0778 Constant 22060838 |
N Mean 0724 +0.041] Mean 074140054
L sigma 014240058 Sigma__0.104+ 0.073 ]
6F =
ar ]
2r ]
0 < L 0 |
-04-02 0 02040608 1 1214 -04-02 0 02040608 1 1214

At(0 — 1) = 5.58/47. ps; At(0 — 2) = 274/301 ps; At(1 — 2) = 269/253 ps
0+(0) = 100/94 ps ps; o+(1) = 87/91 ps ps; 0+(2) = 140/100 ps
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SimHit ~ time-of-decay: Border PMT, o; = 27 ps

Two different PMT channels

X2/ ndf 4.408/6 X2/ ndf 4.616/5
[TTTTr[rrrrrrrrrrrorrrr [TTTTT T[T rrr[rrrrrr
pob [T biezz AR A e LB R Y
Constant [32.447 + 3.982 Constant}26.478 + 3.641
Mean [ 0.449+0.003 Mean  0.d6e Mean  |0.444+ 0,003
Sigma | 0.028 + 0.002 ioma 002850002 | Sigma  [0.027+ 0.002 gma 0
250 ] 251 B
20 . 20 B
[ X2/ ndf 2.857/4] r X? / ndf 1189/37]
I Prob 0.5827 Prob 0.756 4
150 Constant 6.466 2003 ] 15F Constant 12050+ 2,647
+ Mean 0.735 + 0.0084 [ Mean 0.723 + 0.0047]
F Sama o0s= 001 X Sama 0022+ 0053]
10F . 101 ]
51 B 5
O-IIIIIIIIIIIIIIIIJIIRI 11 IIIIIIIIIIII- C-IIIIIIIIIIIIIIIIJ

-04-02 0 02040608 1 1214

-04-02 0 02040608 1 1214

At(0 — 1) = 17.3/19.7 ps; At(0 — 2) = 286/280 ps; At(1 — 2) = 268/260 ps
0+(0) = 28/27 ps; o+(1) = 28/27 ps; 0+(2) = 35/22 ps
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TDC ~ time-of-decay: Border PMT, 0, =27 ps  inen

Two different PMT channels C
X2/ ndf 27.312/21 Xind 16077120 x2Indf  16.712/20 Windi 21951723
TTT[TTT T[T [rrr[rrr TTTTT[TTIT FryTrr[rrorrrr[rrr[rrr[rrr TTr[rrryrrr|74
Prob L T {O 161 T T T T Pr 11 T 0 Juj Prob [ T &_572 T T _ T T P\U\J T 0. J«7
Constant [40.785 + 1.578 Constant 12.25 - Constant[ 9.543 + 1.602
Mean [ 0.445+0.010 Mean  0.463: 0.009] Mean |[0.439+0.011
Sigma [ 0.085+ 0.010 Sigma 0088+ 0.0097] Sigma  0.084 + 0.012 Sigma  0.089+ 0.0104
16 B L ]
F 1 10 il -
14F 1 E L 1 ]
12 - 8I- -
F Xt 74311107 r X2 I ndf 8690113 |
10F Prob 0684 Prob 079
I Constant 3873+ 1.190] 6l Constant 2273+ 0.638 |
I Mean 072900174 [ Mean 072810002
8 - Sgma__006320020] [ | sgna__ o145 -0060
6 - 4 1 N
4 - L ]
] b N ]
i i : DD
bl Il MIHATI I A 0 Y

(=)

(=)

-04-02 0 02040608 1 1214 -04-02 0 02040608 1 1214

At(0 — 1) = 17.7/14.7 ps At(0 — 2) = 284/290 ps At(1 — 2) = 266/275 ps
0+(0) = 85/84 ps o¢(1) =88/89 ps c+(2) = 63/140 ps
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D )
Summary: TDC INFN

(O
Central PMT Border PMT
(ps) ob=40| ot =27 (ps) ob=40| ot =27
Aty_1 118 114 Aty_1 22 16
Aty_» 297 295 Aty_» 287 288
At;_p 180 182 At 260 270
a+(0) 85 78 a+(0) 97 85
o¢(1) 85 78 o¢(1) 88 88
o(2) 88 82 o+(2) 120 100

Electronic timing resolution

In simulation: \/o? — 052: oLk =40 ps: ~ 75 ps ; ok =27 ps: ~ 73 ps

From Matsuoka-san numbers it seems a bit better: o; ~ 73 ps, ~ 60 ps
Is this reasonable?
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D .
D Conclusion |

Lens NA
@ All lens measured
@ ~ 13% bad NA
e (NA) =0.51
@ but in three subpopulation with

NA ~ 0.48
NA ~ 0.56
NA ~ 0.48

(%)
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P ) ) )
Conclusion 1l a”'

Time distribution simulation

@ Simulation reproduce reasonable well results shown in CRT analysis;
Direct, 1-reflection, 2-reflections photons produce signals separated in
time for some of the channels;
fit signal with 3-gaussian model taking into account different
contribution could separate the three signals, recovering optimal time
resolution;
As the separation of the three signal depends on light-path, possible to
estimate a priori At to reduce free parameters in the fit;

@ Selection based on ADC signal (done in CRT) not possible since not
simulated

@ Is the simulated electronic o; correct?
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