Data analysis results from LED and 40K




Timing measurement in the detector

Floor 8

Floor 7

Floor 6

Floor 5

Floor 4

Floor 3

Floor 2

SQ@Zﬁ , Floor1

« LED of the OM 11 of runs 684 to 687
« LED mean wavelength at 470 nm
 LED flash at 2 kHz

=> peaks observables within a modulo 500 us
timing plot

LED beacon
and support
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Timing measurement in the detector

 LED of the OM 11 was used
8 Floor 8  LED mean wavelength at 470 nm
 LED flash at 2 kHz
%@ Floor 7 => peaks observables within a modulo 500 us
timing plot
8 Floor 6 Time for PM 1 of floor 2 at 5 ns of precision Time for PM 1 of floor 8 at 5ns of precision
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Previous results summary

The distribution gives a good

FM 01 24 from each floors time distribution.

107

120| e o o But the intensities in function
—— Fight down (with L ED) of distance are not as

00| e expected
: e LED positioning ?

80— « LED homogeneity ?
- « LED used ?

&0 |-  Different intensities/LED in
- the same run ?

|- A specific analysis is done to
- reduce the runs timing and

20| LED

ok <107
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Timing results

Floor
number

(N)

N o 0l A W N P

Measured
propagation time
with floor 1 (floor
N-1)

0 +/- 0.5

174 (174) +/- 0.9
354 (179) +/- 0.5
550 (195) +/- 0.4
740 (189) +/- 0.3
929 (188) +/- 0.5

1113 (182) +/-
0.72

1302 (175) +/-
0.75

Theoretical
time with floor
1 (floor N-1)

0

186 (186)
371 (185)
558 (187)
744 (186)
931 (187)
1118 (187)

1305 (187)

Differential time
with floor 1
(floor N-1)

0
12 (12)
17 (5)
8 (-9)
4(-4)
2(-2)
5 (-6)

6 (1)

As a cross check a lower intensity run was

used for first floors. It correspond to 2.5 ns <=>20cm

Detalls in
Roma
collaboration
meeting
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Summary of the LED run infos

Istituto Nazionale
G di Fisica Nucleare

enova

Run nb date Lower floor Higher Has been
signal floor sighal analyzed
0684 2013-05-30 1 8 X
0687 2013-05-30 1 4
(SRR SADEad . * 3 different dates has been
1364 | 20120025 |3 . analyzed yet (6 month
1439 2013-10-07 1 8 separated_)
1240 1201210.07 | 14 o * 9 runs while the same day
was analyzed

1442 2013-10-07 1-4 8
[...] 1 8 X
1451 i 8 X Allow to know the time
L bleRlesel) 4 ¢ evolution of the bars on
Lo e e 2 different time range
1456 2013-10-08 3 8
1458 2013-10-08 4 8
2701 2014-04-22 1 8 X

. 2703 2014-04-23 1 8

A
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Some example of the evolution

Time difference between floors

= 160
§e] L
8 |
s Floor 8(0) - 7(0)
= 140 — .
g - . Floor 5(0) - 6(0)
O — ®
= )
g - H Floor 3(0) - 2(0)
o 120— .
oo ;
2 100 — . °
N—r L
B ° ! ¢
80—
: ®
60_\ | | | ‘ | | | | | | | | | | | | | | ‘ | | | |
27/04/13 15h 15/07/13 18h 02/10/13 21h 20/12/13 23h 10/03/14 03h 28/05/14 07h

time

In general, during
long period the
shifting time is <
10 ns

Compatible
expected structure
movement

o
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Some example of the evolution

Time difference between floors
E 140— .
S
S 130 . .
2 * e Floor 8(0) - 7(0)
g 120 . Continuous
g B variations Seems
5 110F BAARN Floor 6(0) - 5(0) coherent
100[— ¢ * _
- While the day the
90— . o .y OMSs position can
- *,’ Floor 3(0) - 2(0) change by few
= meters
_—\ | 1 1 | | 1 | 1 ‘ 1 1 | | ‘ 1 | | | | | | | 1
06/17(9/13 Oh 07/10/13 04h 07/10/13 11h 07/10/13 19h 08/10/13 02h 08/10/13 10h
time
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Perspectives

Can be interesting to cross-check with
positioning, compass etc...

The results seems to be promising for the
KM3NeT LED time calibration
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(parenthesis). Further studies of the

LED run characteristics

Floor charge per second

single run can contain different LED test.

e OML1 from LED floor 2 Problem:
oL 47 floor On the experimental tower of KM3NeT-it, a
- 3_floor r

2" floor a

v

We need to filtrate it to do a proper analysis
- for

s ?4”’ floor LED short test at low intensity | 1 absorptlon Iength (Intensrty)

0 b - scattering length (wavelength, different for
— 1t|10 — 2(‘)0 — 3(‘10 — 400 — séozia;jl\gzc eaCh ﬂoor)

SPE pnasemesrase | ED Of floor 1 . : :
The propagation in function of distance can

YE ] Floor orientation effect be more understood for isolated LED tests.

N Instead of taking the integrated charge, a

calibrated number of pe should give a better
results (work in progress)

§ -
L ~100% of detection in the closest floors
 — e e e ]
Floornumber 1| N. Briukhanova
S F ~ INFN =
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Scattering process

. A
7%

O

bp=

550 nm 0 Clancy W. James
+0.312 Vz( N ) Kma3 internal note

e 2 components to the scattering :
 On molecule (isotropic angular distribution)
* On particles (Forward going angular distribution)
* The both processes depend on the wavelength on a
different exponent.
 They imply a delay in time arriving
* In function of distance

 In function of wavelength

Need to know the timing to
deduce the water properties.

The fit method can help to extract
the timing delay to the ns.
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Water properties status

Principle illustration

Concentric detection sphere
» Separated by the real floor to
floor distance
The source is in the center
Send photons
All the photons are kept at each
level. Data kept
« Emission direction (in fact
always (0,0,1)
« Time arrival at each sphere
« Angle arrival
 Incident angle
Then the AA and LED emission
are used to put a weigh to the
arrival
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SPE measurement High LED

Intensity

Nb of photo-electron per floor (BG)

FFFFFF

Cut at 1.3 spe to avoid
. pilups

FFFFFF

FFFFFF

FFFFFF

FFFFFF
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SPE measurement low LED

Intensity

10

4000

3500

3000

2500

2000

1500

o {
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1000

500

-

Nb of photo-electron per floor (BG)

il

FEMID 2
FEMID 3
FEMID 4

pilups

I I T T T T I I .|....|l||.|.|\\m_u.m|....
5 3 3.5

Cut at 1.3 spe to avoid

1

o

0.5 1 1.5 2 2.

Nb of photo-electron per floor (LED)

|
4 4.5
nb photo-electron

FEMID 2
FEMID 3

FEMID 4
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Raw result on the floor 8

ANTARES scattering and
constructor LED specifications

Data and simulation for floor 8

total charge (Cb)

107"

10"

= Data floor 8 (OM 1 + 2)
=== Simulation floor 8

1 1 1
-500

1 1 1 1 1 1 1 1 1
-450 -400

Timing and amplitude
are used for the
simulation adjustment
on the data (green, chi2
minimization)

With the exact antares
scattering and LED
specifications.

=> Research of the
minimum chi2 in
function of scattering
and LED angular
emission

(o ([
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Current very preliminary results

ongoing work

Water scattering of ANTARES Under simulation:

Events with charge < 1.3 spe Table of chi2 for scattering values
LED specifications from constructor  The preliminary best is around
LED emission angle (refraction) 0.9 X ANTARES scattering

The total chi2 is
calculated as

scat factor

(NV) 2ud

Sart (chi2(floor8)? +
chi2(floor7)? +
chi2(floor6)?)

The chi2 is calculated
comparing data and
simulation the weighted
with the number of
events

: : : : INFN -
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Current very preliminary results

ongoing work

Water scattering of ANTARES Under simulation:
Events with charge < 1.3 spe Table of chi2 for scattering values
LED specifications from constructor The preliminary best is around
LED emission angle (refraction) 0.9 X ANTARES scattering
total 2
5 Ih ‘ peciﬁcaﬁonl ' | The total chi2 is
ks  (+-5%) ' calculated as
Sart (chi2(floor8)? +
I chi2(floor7)? +
chi2(floor6)?)

The chi2 is calculated
comparing data and

simulation the weighted
I I I ' with the number of
° > ° oo L7ED emission ;hsgle (deg) events
N /
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Current very preliminary results

ongoing work

Water scattering of ANTARES Under simulation:
Events with charge < 1.3 spe Table of chi2 for scattering values
LED specifications from constructor The preliminary best is around
LED emission angle (refraction) 0.9 X ANTARES scattering

total 2

Ih | pecificationl | _ The total chi2 is
~ (+/-5%) ' calculated as

scat factor

Sart (chi2(floor8)? +
chi2(floor7)? +

I chi2(floor6)?)
The chi2 is calculated

comparing data and

simulation the weighted
I I I ' with the number of
° > ° oo L7ED emission ;hsgle (deg) events
N /
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Current very preliminary results

ongoing work

Water scattering of ANTARES Under simulation:
Events with charge < 1.3 spe Table of chi2 for scattering values
LED specifications from constructor The preliminary best is around
LED emission angle (refraction) 0.9 X ANTARES scattering

total 2

The total chi2 is
calculated as

Specification
\ (+/-5%)

scat factor

(NV) 2ud

Sart (chi2(floor8)? +

I chi2(floor7)= +
chi2(floor6)?)
6.8 LED anal The chi2 is calculated
angle _ -
TARES scat C_Ompar_lng data ar)d
I iTAi simulation the weighted
' with the number of
| ission an¢ events
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Current very preliminary results

ongoing work

Data and simulation timing floor 7

Water scattering of ANTARES
Events with charge < 1.3 spe

LED specifications from constructor
LED emission angle (refraction)

Under simulation:

Table of chi2 for scattering values
The preliminary best is around
0.8-0.9 x ANTARES one

= Data floor 7 (OM 1)
s Simulation floor7

total charge (Cb)

10'10

C. . L | L
-400 -350

L L 1 L | L
-300

L L L L | L
-250 -200

L L 1 L
-150

L L
-100

Data and simulation timing floor 8 Data and simulation timing floor 6
i) 5 r
3} mmm  Data floor 8 (OM 1 + 2) o - mmm  Data floor 6 (OM 1 + 2)
°§> mmmmms  Simulation floor 8 o s Simulation floor 8
8 g
[5}
& o
2 40°
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Current very preliminary results

ongoing work

Data and simulation timing floor 7

Water scattering of ANTARES
Events with charge < 1.3 spe

LED specifications from constructor
LED emission angle (refraction)

Under simulation:
Table of chi2 for scattering values
The preliminary best is around

= Data floor 7 (OM 1)
s Simulation floor7

total charge (Cb)

1 spe selection effect: the
“very delayed” events have
a bigger probability to be
single and out of the first

10'10

0.8-0.9 x ANTARES one 0 sample. Need low intensity
“ = ED runs
Data and simulation timing floor 8 \ Data and simulation timing floor 6
8 E === Data floor 8 (OM 1+ 2) 8 - == Data floor 6 (OM 1 + 2) /
s C mmmmm  Sjmulation floor 8 S L s Simulation floor 8
© g -
Sk g
= 1070 —
10 = o
- 10" ¢
10" = L
E. o vy oy by by by by | I ST AN S T S T T TN NN SN TR S TN S ST AN S SR T NS N
-500 -450 -400 -350 -300 -250 -200 -300 -250 -200 -150 -100 -50 0
ns ns
N /
P INeN KM3NeT =
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0K single rate in NEMO: The data

Single rate, 1 hour each 15th of the month 2013/2014, all OM

o 45 hfittedrate Single rate from random
z 11 Entries 260 samples:
40 ine |
Mean 51.57 The baseline is extracted from
RMS 3.592

3 samples of 1 hour (without

2 ndf 34.59/19 )
: selection) per month.

Constant 27.08 + 2.62

/\ Mean 51.66 + 0.23
Sigma  3.353+0.250 The samples showed a very

good stability. Excluding the
burst, almost no variation, It
seems that there is a very low
bioluminescence constant
background.

30

25

20

15

10
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[T SR B e R R A R S N AR R v 1] O e o T A

40 50 60 70 80
kHz

o

wW
o
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4K single rate in NEMO and
ANTARES

11/27/14 Christophe Hugon



Parameters

Absorption length for NEMO and ANTARES sites' simulation
£ 70

NEMO
ANTARES

60

30

The single rates are
independent of the
scattering!

40

30

20

10

~ Istituto Nazionale
G di Fisica Nucleare

enova

s N O
11/27/14 Christophe Hugon



Simulation and data confrontation

dark current)

The “°K coincidence rate is used to calibrate the simulation,
We observe a regular decrease of the efficiency.
We consider 3 kHz of noise for ANTARES and 3.6 kHz for NEMO (glass “°K and

Detector set 2009 2010 2011 2012
coincidence rate 15.8 Hz 15.5 Hz 14.82 Hz X
simulation 43 + 3 kHz 42 4+ 3 kHz 41 4+ 3 kHz X
ANTARES data 51 kHz 49 kHz 46 kHz 47 kHz
diff 8 kHz (2.7 0) 7kHz (23 0) 5 kHz (1.7 o) X
coincidence rate X 21.6 Hz X
e simulation X 54 + 3 kHz X
KM3NeT-it data X 52 kHz X
diff X -2 kHz (0.7 o) X

The ANTARES rate is in agreement with the numerical calculus (J. Brunner)
An underestimation of the ANTARES rates is observed.
A very good agreement is found for NEMO

(oo
11/27/14 Christophe Hugon

7 Istituto Nazionale
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Where to find the soft and results

» All the results and the software analysis are
available on

http://www.ge.infn.it/~chugon/NReader/documentation/nt
ml/Results.html
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Laser setup

Laser Beacon installed at the base of the NEMO-Phasell tower

® A=532nm Agtt(A=532) ~ 25 m !!

® no photo-detector close to the laser diode (yes in future)

® light propagation along the vertical not optimal for construction
([ ]

calibrated the optical attenuator

® measured differences Aty _, : O.K. up to 300m distance

75.9 degree

50m

st Liquid crystal variable retarder curve
T T

200 m

Laser range with the designed glass rod

0

Energy (uJ)

\ Il
Glass rod MECHANICAL FIXINC

TITANIUM COVER

1
10 12 14 16 18 20

Voltage (Vpp)

@

<)
T —\ INFN =
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Some results

Time for PM 41 from raw minus OM 21

Time for PM 51 from raw minus OM 21

o )
11/27/14

600 htime.rawjroszzﬂ _ htimeraw_fromF251
L Entries 3079 E Entries 1603
C ’I\Rﬂlazg] 1 ggz 451 Mean 347
500 - 402 RMS 263.1
L At (f4-f2) 35f At (f5 - f2)
4007 -
B 30;
300 251
: 20
200 7 =
: l
1001 HL 10§
- 51
OALM-\—J—‘LhL‘Lh \\\‘\l—-—l,—l,—l—u\lr—l HL-—L\,—HI—L\M—‘LL-I,-H —
-50 0 50 100 150 200 250 300 350 400 0 i, o
ns 0 800
ns
Time for PM 61 from raw minus OM 21
htimeraw_fromF261
8 Entries 1458
C Mean 2064
£ RMS 2402
Gf At (f8 - f1)
5 th
- NOTHING from the 6
4=
J£ floor
2 e Laser orientation ?
i
18000 -‘10‘00‘0 = 1‘0(‘)06 15000
ns
,///‘
. S KM3NeT -
Christophe Hugon



What the pulses look like

uuuuuu

A i "E"
} 1! W

_Eloor.1

Eloor.2

L-|

i

ADC

Floor 8

.,].lllll.l o

s0  soo

»»»»»»

=I| H I' ‘. ESi nme wh .'|

T|me (ns)

nnnnn ’
[
IIIII 11l

i
FETIFTTRA FTTHI FRTTY ITETY [RUTA FTTA [TTI ROVEY IUAT
o so 1 =

00 150 200 250 300 350 400 450 SO0

Why the second floor is used
for the “start” signal instead
of the first ?

- OM 11 ADC is saturated:
Lower rate, bad timing.

- The laser does not hit well the
first floor ?

- OM 21 few ADC saturated:
Usable rate and time

- OM61 is the latest floor, can
be used to see a “normal”
behavior, it is dominated by
single photo-electron (almost
no laser pulse reach it).

oo )
11/27/14

Christophe Hugon W

)
INF N

enova
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Previous conclusion

at high light intensity (first floors)
* The fitting method:

- Improved the resolution to the ns
- | need the positioning to go further.

* The scattering can be studied, needs the
simulation (see tomorrow slides)

Checked up to 320 m
distance

e The LED can be used for time calibration, even

"112714 » | Christophe Hugon |



Test for a wider time range of runs

e Check evolution of the time calibration

- While the day
- While the year

 Alot of LED runs were done, but

- In many runs different LED intensity were used
- In many runs different LED were used

* Not all of them are yet usable, need more
iInvestigation if we want do go further

"112714 » | Christophe Hugon |



Summary of the LED run infos

Runnb date Lower floor Higher Has been
signal floor signal analyzed
0684 2013-05-30 1 8 X
0687 2013-05-30 1 4
1359  2013-09-24 4 8 « 3 different dates has been
1364  2013-09-25 3 8 analyzed yet (6 month
1439  2013-10-07 1 8 separated)
1440 2013-10-07  1-4 3 e 9 runs while the same day
1442  2013-10-07 1-4 8 was analyzed
[...] 1 8 X
1451 2013-10-07 1 8 X
1454  2013-10-08 1 . Allow to know the time
VIEE  SOEeE | @ . evolution of the bars on
T R T Yo - different time range
1458 2013-10-08 4 8
2701 2014-04-22 1 8 X
2703 2014-04-23 8
A
Cupma N | Christophe Hugon (’_N/GN ‘ KM3 NeT
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Some example of the evolution

Time difference between floors

= 160
§e] L
8 |
s Floor 8(0) - 7(0)
= 140 — .
g - . Floor 5(0) - 6(0)
O — ®
= )
g - H Floor 3(0) - 2(0)
o 120— .
oo ;
2 100 — . °
N—r L
B ° ! ¢
80—
: ®
60_\ | | | ‘ | | | | | | | | | | | | | | ‘ | | | |
27/04/13 15h 15/07/13 18h 02/10/13 21h 20/12/13 23h 10/03/14 03h 28/05/14 07h

time

In general, during
long period the
shifting time is <
10 ns

Compatible
expected structure
movement

(TTTTTE ©
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Some example of the evolution

Time difference between floors

E 140— .
&
o — .
© 130— hd
2 S Floor 8(0) - 7(0)
g 120 ‘ While the day the
g B OMs position can
5 R ALEN Floor 6(0) - 5(0) change by few

100 * . meters

90— . . .

BOE *, Floor 3(0) - 2(0)

:—\ | 1 1 | | 1 | 1 ‘ 1 1 | | ‘ 1 | | | | | | | 1
06/{0/1320n  07/10/1304h 07403 11h  07/10/1319n  0B0/1302h 0803 10h
time
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Perspectives

e Can be interesting to cross-check with
positioning, compass etc...

« More run could be used, but it needs

- More time
- specific analysis to isolated the LED time

The results seems to be promising for the
KM3NeT LED time calibrition

(112714 ) | Christophe Hugon |
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Laser setup

Laser Beacon installed at the base of the NEMO-Phasell tower

® A=532nm Agtt(A=532) ~ 25 m !!

® no photo-detector close to the laser diode (yes in future)

® light propagation along the vertical not optimal for construction
([ ]

calibrated the optical attenuator

® measured differences Aty _, : O.K. up to 300m distance

75.9 degree

50m

st Liquid crystal variable retarder curve
T T

200 m

Laser range with the designed glass rod

0

Energy (uJ)

\ Il
Glass rod MECHANICAL FIXINC

TITANIUM COVER

1
10 12 14 16 18 20

Voltage (Vpp)

@

<)
s —\ INFN =
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Some results

Time for PM 41 from raw minus OM 21 Time for PM 51 from raw minus OM 21
600 htime.rawjroszzﬂ _ htimeraw_fromF251
L Entries 3079 E Entries 1603
C Mean 185.7 45— Mean 347
L RMS 52.4 C
500]- 40: RMS 263.1
T At (fa-f2) a5 At(f>-12)
4007 -
- 30
300 25
5 20
200_ 7 C
C L 151 ‘”
1002 HL 102
i bn | h bem L [ SE
0-50 0 50 100 150 200 250 300 350 400 0 e s 1 e R T
ns 0 200 400 600 800
ns
Time for PM 61 from raw minus OM 21
htimeraw_fromF261
8 Entries 1458
C Mean 2064
C RMS 2402
7C
GE At (f8 - f1)
5- th
- NOTHING from the 6
4
I floor
2 e Laser orientation ?
e
L L L L ‘ L L L L ‘ L L L L
—19:000 -10000 10000 15000
ns

S : IN N T
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What the pulses look like

_Eloor.1

Eloor.2

ADC

Floor 8

»»»»»»

Why the second floor is used
for the “start” signal instead
of the first ?

- OM 11 ADC is saturated:
Lower rate, bad timing.

- The laser does not hit well the
first floor ?

- OM 21 few ADC saturated:
Usable rate and time

Amp._ .| “ I HaE - OM61 is the latest floor, can
[A] I 1 'l th '-EI' .'.m | m be used to see a “normal”
! “”. o ‘ behavior, it is dominated by
| I : e g | single photo-electron (almost
1 1 no laser pulse reach it).
TIF St ETARIPI . Y ﬁm b d e
Time (ns)
N
DU | ' INF N
Ve N
11/27/14 Christophe Hugon W Ceis KM3NeT
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Conclusion

* The laser run present some difficulties

- No good start time
- Does not hit all of the PM

 New Laser design needs to include a precise
start time (under developing by Roma group)

* Can be Iinteresting to do a test with the PPM-
DOM

"112714 » | Christophe Hugon |



Coriolis parenthesis

activity of the OM 21 st While I looked for the LED runs on the slow

e eoe  control OM rate, | saw this on every Oms
« Coriolis force ?
« Calculated period ~20h
 Measured period =24 h
« Activity based on the sun period ?
 Bio activity ?
 Deep Current ?
17/04/14 02h 5410414 02h 01/05/14 02h  Yellow submarine ?

time

110

100
920
80

rate Hz(mean per hour)

70
60
50

40

Magnitude of the FFT OM 21
MAG21

— Entries 479
Mean 25.97

AuS o4 If somebody want to explore it, there is some

interesting things to do

» Cross check with the current components

» Check if there is a link with the PM
positioning (plankton hits on the face/back)

1600

1400
1200

1000
800

600
400

200

The Slow control will be soon integrated in
Nreader (intership)
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Title 1 Title 2

N
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