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Status - Deep Learning Study

e On every TUE., 16:00 ~ 18:00 at 23-317.
e ROOT supports DNN through TMVA 4 and Keras.
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Status - Deep Learning Study .,

» Background events in

Keras DNN.

)

o Signal events in Keras

DNN.

: I

3.28753 391373 3.46899 4.37803

0.0345127 -3.53232 -3.28802 -3.18263 -2.94924
PyKeras vari var2 var3 vard

1 1]'

0.968337 457578 4.52415

6.50008e-09
PyKeras varl var2 var3 vard
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Status - Deep Learning Study .,

» Background events in

TMVA DNN.

)

o Signal events in TMVA
DNN.

HH_CPU '

0.98009 6.43623 3.72051 54219 4.37803 7.00508 10.5076

3 e
0.0231627 -5.16234 -4.0854 -3.18263 -2.9959 -7.06465 -10.597
DNN_CPU myvarl myvar2 var3 vard spect spec2

DHN_CPU. 1 '

0.979752 7.90236 4.02588 4.59432 5.03068 9.52782 142917
b =]

0416403 -9.86049
DNN_CPU myvarl myvar2 var3 vard specl spec2
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Status - Deep Learning Study ..

e We will try and study both of TMVA 4 and Keras.

o We will try existing DNN algorithm in the above
frameworks.
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Two Bars Time Calibration

e | tried to calibrate time between two bars, O and R.

e Two conﬁgurations gave ~100ps disagreement.

OR OR_rev
. R (#1) — — O (#0) —
(— O (#0) — (— R (#1) —
L R L R

eft ight eft ight
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Ilam

Data Taking Once Again

— 11

OR

R (#1) —

O (#0) —
R

eft ight

Two Bars Time Calibration

1,006,596 events were collected.

Took data from OR configuration, with threshold
150ADC, coincidence trigger.

OR_rev

O (#0)

R (#1)

il

eft
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Time Calibration Formula

e Formula for OR configuration is given as

60R_60L:<t0L_t0R>

1 1 0.1m
51L_ 5OL:<tOL_ t1L> - 085 mx Cscint.O - Cscint.l _C
1 1 0.1m
51R_50L:<t0L_t1L>_0-85m>< - )_ +<t1L_t1R>
Cscint.O Cscint.l c
— R (#1) N —
1 O (#0) I\ —
— O (#0) AD  oes —
— R(#l) 1 ICV —
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Error Function Fitting

o Error function fitting method was used to estimate
<t; - > and c

cint.*
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Time Calibration
/data/ORdtcaleel_evrec.root

It is not reversed.
te[e]
té[1] -> tO[1]i +15.153558

te[2] -> to[2]i+28.426373
te[3] -> tO[3]:+13.310976
c_scint[@] 0.154090

c_scint[1] 0.152824

FWHM[ @] 22.064957
FWHM[1] 22.247882
center[0] 15.153558
center[1] -15.115396
dtLL 28.714206
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Time Calibration Result

OR 1 (4M events)

Result

.000855
.000056
.007843
.008164
003922
.004082
: .000547 : :

#################################################################################################### ##################################################

S ¢ [ ) PO
.003922
.002883
.004997

ns

i

wi
wH HH
it

Lt
i
i

i
wH ##
i it
it
it
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HH it
Wi HH

OR 1 (6M events)

T T R T . T R e A R R . R A R B R A R R R R R R R
Time Calibration Result

Time Calibration

/data/ORdtcalRev@@1 evrec.root

It is reversed.

TO[O] -= T[0T oo e e e
.0032609
.002469
.004081

te[1] -> tO[1] i+15.140523
to[2] -> to[2] i+29.623683
te[3] -> tO[3]i+14.473106

Result

ns

uH Wi

#
HH
it

e
W HH

c_scint[0] 0.153997

c_scint[1] @.153578

FWHM[ @] 22.078333
FWHM[1] 22.138596
center[0] 15.140523
center[1] -15.150578
dtLL 29.275053

.000050
.000045
.007219
.006499
.003609
.003250
.000444
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ns

HH

/data/ORdtcaleez2_evrec.root

OR 2 (10M events)

002503
.001834
.003175

It is not reversed.

tafe] -» to[e]

te[1] -> te[1]i +15.134058
te[2] -> te[2]i+28.397377
to[3] -> te[3]i +13.345591
c_scint[0] 0.154483
c_scint[1] 0.154134
FWHM[©] 22.008872
FWHM[ 1] 22.058670
center[0] 15.134058
center[1] -15.051786
dtlLL 28.718492

.000035
.000036
.005007
.005183
.002503
.002592
.000344

ns
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Time Calibration Comparison

2020/1/22

OR 1. OR_ 1. OR 2.
4M events 6M events 10M events
5,.-0,, [ns] 15.153558  15.140523  15.134058
+0.003922 +0.003609 +0.002503
5,-6 [ns] 28426373 29.623683  28.397377
+(0.002883 +0.002469 +0.001834
0,.-0,, [ns] 13.310976 14.473106 13.345591
+0.004997 +(0.004081 +0.003175

Two Bars Time Calibration



Time Calibration Comparison .
cont'd)

Agrees in few-ten ps order.
Outside of the error range!

OR 1. OR 1. OR 2.
4M eve 6M events events

0,.-0,, [ns] 15.153558 15.140523 15.134058
+0.003922 +0.003609 +0.002503

A
5 -6 [ns] 28.426373 ww 28.397377
o +0.002883|  *0.002469 | 0.001834

5,.-6, [ns] 13.310976|  14.473106 1345591
+0.004997|  +0.004081 | +0.003175

Most 1.2 ns disagreement!
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OR 1 (4M events)

Time Calibration Result

/data/ORdtcaleel_evrec.root

It is not reversed.

ta[e] -> te[e]

t0[1] -> tO[1] +15.153558 +-0.003922  ns
to[2] -> te[2] +28.426373 +-0.002883 ns
t0[3] -> tO[3] +13.318976 +-0.004997 ns
c_scint[0] :i'0.154690 T T¥-0.008855 m/ns’
c_scint[1] :50.152824 +-0.000056 m/ns:
FWHM[ @] 1 22.064957 +-0.007843 nS§
FWHM[1] 1122247882, +:0.008164....ns}
center[0] 15.153558 +-0.003922 ns
center[1] -15.115396 +-0.004082 ns
dtLL 28.714206 +-0.000547 ns

FWHM Error Bar

OR 1 (6M events)

T T R T . T R e A R R . R A R B R A R R R R R R R
Time Calibration Result
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wH HH
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Time Calibration
/data/ORdtcalRev@@1 evrec.root
It is reversed.
to[e] -> to[e]
to[1] -> tO[1] +15.140523 +
to[2] -> tO[2] +29.623683 +
to[3] -> tO[3] +14.473106 +

c_scint[0] H P 11 r A Y
c_scint[1] ::0.153578 +
FWHM[ @] : 122.078333 +
FWHM[ 1] :i22.138596 +
center[0] 15.140523 +
center[1] -15.150578 +
dtLL 29.275053

Result

.003609 ns
.002469 ns
.004081 ns
HOBBEY MIns"
.000045 m/ns
.007219 ns
. 006499 ns
.003609 ns
.0032580 ns
.000444 ns

#H wH

##
B
#H wH
#H #H
#i #H
#H wH
#H #H
i
i #H
HHE

HH

OR 2 (10M events)

/data/ORdtcaleez2_evrec.root

It is not reversed.
to[8] -> to[o]

i

s

fiad

ns ##

ns ##

ns ##

S
ST HE
m/ns i##
ns:##
nsé##

to[1] -> tO[1] +15.134058 +-0.002503
te[2] -> tO[2] +28.397377 +-0.001834
to[3] -> tO[3] +13.345591 +-0.003175
c_scint[0] I GIISAAET VG I0BEES
c_scint[1] :i0.154134 +-0.000036
FWHM[ O] :122.008872 +-0.005007
FWHM[1] :122.058670 . +:0.005183  ns;
center[0] 15.134058 ¥0.002503
center[1] -15.851786 +-0.002592
dtLL 28.718492 +-0.000344

B R S R R R R
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Wrong error bar!

We need better process to determine the FWHM!

Two Bars Time Calibration
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Time Dependence of Offsets

o Evaluated the offsets from parts of events.

 Each point is evaluated using 1M events.

Time Dependence of Offsets

25

20
z 15 i—i —{lzG—l:G i i i i | —a= delta_0R
2 == (elta_1L
% delta 1R

10
5

0
oM 1M 2M 3M 4M 5M 6M 7M 8M 9M

Event

2020/1/22 Two Bars Time Calibration



2020/1/22

Time Dependence of Each Offset

Time Dependence of delta OR - delta_ OL

Time Dependence of delta_1R - delta_1L

15.16 -15.03
u ] -15.04 0 2 4 6 8 10 12
15.14 - g
- - — -15.04 -
£ 1512 ] g = S 1505 ® u
Q Q
2 $ -15.05 | ]
5 151 5 1506 - -
15.08 -15.06 u u
0 2 4 6 8 10 12 -15.07
Event Event
Ml delta OR H delta 1R - delta_1L
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Time Dependence of Each Offset .,

Time Dependence of delta_1L - delta_OL Time Dependence of delta_1R - delta_OL
28.41 133 g
|
Bal—g m 13.35 - u m H
& 284 ", 7 - .
= 284 m ¥ = = 1334 n u
2 u g m
£ 28.39 m £ laas
5 13.
© 2839 .
28.38 '
0 2 4 6 8 10 12 0 2 4 6 8 10
Event Event
W delta_1L B delta_1R

2020/1/22 Two Bars Time Calibration




2020/1/22

Time Dependence of Offsets

o Fortunately, they show approximately constant
behavior in time.

- about few-ten ps order random behavior.

Two Bars Time Calibration
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Two Bar Time Calibration Conclusion

e We need more well-bahaved procedure to estimate

the FWHM, and thus ¢

- At least we have to be sure about the error bar.

scint.*

Two Bars Time Calibration

18



End of Presentation




Notation

o Subscript , and | indicates bar

O and R, respectively. L, OR R
—1 R (#1) —
e Subscript ;| and g indicates = -
. -0.85 0 0.85

PMT position L., and Ry, OR rev '
— O (#0) —
— R (#1) —

o Position origin is 0. Right
side has + sign in position
axIs.

2020/1/22 Two Bars Time Calibration
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Notation (contd)

e Actual muon hitting position
(x,) and time (z,) are

indicated with subscript . 232

I

e Recorded time are ¢; with /=0,

1 and /=L, R.

o Scintillation signal speed is
CCth,i’ WhCI’C i=0, 1.

S
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Notation (contd)

e Let the time shift in PMT ; be
0;. OR

i
— R (#1) —
— O (#0) —
(0.85m+x,) (0.85m—x,,)
~ tiL—t,ui"' _51'L) tiR_tAui+ _61'R
scint.i Cscint. i
o ; _tpttip=1.7mlc g, i+ 0+ O
i 2
2020/1/22 Two Bars Time Calibration 22
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Time Calibration Assumption

e Assumption 1

- Incident muon flux is spatially

uniform.

e Assumption 2

- 0;are independent on time.

e Assumption 3

B t/u, lower™tu, upper

0.1m/c

s is expected to be

Two Bars Time Calibration

(0.85m+x,,) (0.85m—x,;)
tip=t,+ -6, Lig=t,* —Oir
Cscint.i Cscint.i
_tiL+tiR_1'7m/cscint.i+6iL+6iR
tm— 5
| upper —
| lower -

23
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Time Calibration Method

(0.85m+x,;) (0.85m—x,;)

Step 0: Calculate ¢, ;. St et
. :tl.L+tiR—1.7 mlc, .+ 0, +0,
Step 1: Left vs Right. _ | :
upper _
ower 1
- For each bars, (t;—tz)=—0,+5;
Step 2: Upper vs Lower
B { iower. LHZOW’R;tupper’L_tupper’R>_0'85mx(csciml_lower_csciml_upper)+ Sower. 1+ Oomer R;cSuppeL O pper, - Oim
Step 3: Express 3 Js by ;.
Two Bars Time Calibration 24



Time Calibration Formula

e Formula for OR

60R_60L:<t0L_t0R>

1 1 0.1m
51L_60L:<t0L_t1L>_0.85m>< Cscint.O _Cscint.l _C
1 1 0.1m
51R_50L:<t0L_t1L>_0-85m>< - )_ +<t1L_t1R>
Cscint.O Cscint.l
— R (#1) N —
1 O (#0) I\ —
— O (#0) AD  oes —
— R(#l) 1 ICV —

2020/1/22 Two Bars Time Calibration 25
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Time Calibration Formula _

o Formula for OR_,

60R_60L:<tOL_t0R>

o
=

I

O
b~

1 1 0.1m
O, —0y;={ty; —t,;; )—0.85mX — +
- ot o H Cscint.O Cscint.l ) C
1 1 0.1m
51R_50L:<t0L_t1L>_0-85m>< - + +<t1L_t1R>
Cscint.O Cscint.l c
— R (#1)
— O (#0)
— O (#0)
| R (#1)

-
o
1

Il

Two Bars Time Calibration
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