In-situ calibration



Part |: Basic quanities

Singles rate [Hz]

Mean singles rate and ToT from peak fits
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Singles rate [Hz]

Mean ToT [ns]
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Data written

12-29 01-05 01-12
2016 2017 2017

Runs 5009-5170
From 23 Dec. 2016 - 27 Jan. 2017 (=833 h)
261 hours of data written

DOMs permanently off:
S1F18
S2 F2, 11 & 12 K. Melis, Coll. Meeting Athens

01-19 01-26
2017 2017

Data written [h]



Coincidence rate [Hz]

Part Il: Inter-PMT calibration

40K — 40Cqa + Ve + e-

Coincidence rate [Hz]

—— data

—— KM3RTsim

Tailg -> bad fit

15 20
Time difference [ns]

Gaussian fits

Mean -> PMT time offset
Width -> (upper bound on) PMT time spread
Amplitude -> PMT efficiency
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10° ¢ . .
= High ToT -> Earlier hits
S combinatorics i.c.w TTS
5 time-slewing of leading edge
10° S Low ToT -> Later hits
§ time slewing of leading edge
S
2.
10
) 20 40 60 80 100

TOTB [HS] K. Melis, Coll. Meeting Athens



Coincidence rate [Hz]

Improved 4°K fit (1/4)

dat — data, fit
1-2:"""""""""""""""' aia g 1.5F & T T data, old fit
IE — data, fit s GE* E
C . E<N C - e
C — data, old fit S - ¥ - 3
0.8 v 05F L 3 ° ]
C ] £ v s = :
0.6F 3 ~ O * e . 2 3
C ] = > + T -d
r ] a -05 - M < -
] T e e, ;
02 -] -1 - - - 3
- - H . .‘tl PRI T T T TR W T [ ST ST ST N Y WO S TN SN N S N S A
ot . 0 5 10 15 20 25 30
-25-20-15-10 -5 0 5 10 15 20 25 PMT index
Hit time difference [ns]
Gaussian fits
Mean of peak -> PMT time offset
Width of peak -> (upper bound on) PMT time spread
Integral of gauss -> PMT efficiency
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Improved 4°K fit (2/4)

NN W W

Number of Entries

T 3 )3 — data, fit
= = iy o T rrr 1 I .
- | MC 40K hit time|difference : =y . - — data, old fit
- _ — - —_
- | (no PMT effects)| E Y ke - - 3
E =, ] N C - =
z 0/54 s z N P
: N : ¥ o22F,, T - T s
g : S TTpee o« T % -
s / \ 3 = » P ® ° - L e 4
C 3 R 2—' ° .. e ° .:
F ] < r 1
E / \ - E ]'8:—— L [ ] PY ° ... Y ]
5 paliiine f . : N
2 . \ 2 ] VI ST
0 5 10 15 20 25 30
—4 =2 0 . 2 4 PMT index
Time difference [ns]

Gaussian fits

Mean of peak -> PMT time offset

Width of peak -0.54ns -> PMT transit time spread (!)

Integral of gauss -> PMT efficiency
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Coincidence rate [Hz]

data
OMGsim, data eff.

loincidence rate:

Improved 4°K fit (3/4)

’g getRate(6,)
SE Data X
7E =
aa getRate(6;)*QE*Qe; (from data) g 7 getRate(0;)*QE;* Qe
5E
4 s 0 data
3E S
2E = 4
= S
/;— [ 1 S 3
s 2
2 1
/).é 0 n AIFErErE EFETETErE BERTAT T B ACA A AR
pot 0 50 100 150 200 250 300 350 400 450
02 - e R : e PMT pair
020 40 60 80 100 120 140A”gu[ariggarmim [{1]80
Gaussian fits
Mean of peak -> PMT time offset
Width of peak -> (upper bound on) PMT time spread

Separate fit
Total coincidence rate -> PMT efficiency
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Improved 4°K fit (4/4)

e ' A ' E — data, fit
s 15 - ’
—_ - - — I
= . +2] data, old fl’[l
N S n - -
] C o --- e S 4
2 13F e - 3 -3 .
ES “E : _._: e . v, .
4 [ - _._:.: < h g :::-t - e ]
s 1.2 - o - —
; - T . ]
C o ]
I.]E—x - . —E
JE P B RPN B B
0 5 10 15 20 25 30
PMT index
Gaussian fits
Mean of peak -> PMT time offset More on
Width of peak -> (upper bound on) PMT time spread KM3RTsim model
Separate fit in software session
Total coincidence rate -> PMT efficiency
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PMT eff
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Systematics: PMT efficiencies

e Data: all PMTs

IIIIIIIIIIIIIIIII'—Gaussianﬁl

1w=0950 =006

= Data: PMTs without superstructure
m— Gaussian fit

w=097,0 =006
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YK efficiency [a.u.]
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| ' - Clear influence from collar
- PMT efficiency spread: ~6%
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Intermezzo: Monte Carlo Simulations

Atmospheric muons
mupage + km3 + JTE
Run by run

— 30% of data lifetime

— PMT efficiencies from 49K fit
* |Inactive DOMs are automatically
taken into account

— Same trigger settings

Trigger rates:

— Data: 0.54 Hz
— MC: 0.577 Hz (7% more)

Run duration [h]

S ~ N W AN Uu O
LI

__{—+ mupage MC . . —

s Data —y— wwuu;
1alan Al TN azlan N
12-27F uv1-U0 Ul-12 Ul-17 Ul-2
2016 2017 2017 2017 2017



Part Ill: Inter-DOM calibration

7

L1 time difference
- Time difference between L1 hits on >=2

DOMs

Hit time residuals
- Track reconstruction excluding one DOM
-  Compare measured with expected time

K. Melis, Coll. Meeting Athens 14



L1 coincidence rate [a.u.]

L1 time differences: Method

(different DOM pair)

Random coincidence background Background subtracted

| T T T < SR BLELELELES BLEL AL B AL B A B B
T " :
© 0.0]:_ Data —:
S B i
S 0.008F MC -
) | -
NS B i
< 0.006 -
) - -
< 5 i
< 0.004 -
S - -
0.002F -
2000 -1000 0 7000 2000 OFI00 =500 —200 =100 0100 200 300
Time difference [ns] Time difference [ns]

Expected signal region Good data-MC comparison,

excluded from

background fit MC slightly higher ()




Coincidence rate [Hz]

0.01
0.008
0.006
0.004
0.002

L1 time differences: Fit

A T ST T T N T T W T R
-400 -300 -200 -100 0

~
Il

-11.1

In(P)

-11.2
-11.3
-114

-11.5

T llllllllllllllllllllllll

-11.6

DOM ¢

lllIll 1 lllllllllllllllllll

PR IR

1

Time difference [ns]

H [Poisson(ngasa(t) Inmc(t + At; ;)]
1S t

tJ
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PR T PR T
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DOM time offset difference [ns]

700 200 300 0

Best fit time offsets:
Maximum of P

(analytical solution)
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DOM time offsets

* Fit not working yet ®
* Inter-DU time calibration ?



L1 coincidence rate vs depth

— (ST .
=) . ) E
& 3:_ To be investigated . ° E
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S 2.5F cot.
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Hit time residuals

for each DOM A

for each triggered event

select first L1 on each DOM

remove L1 on DOM A

fit track if >=5 Lls left

if cos(thetas,) > 0.97

h HTR.Fill( t, —

Eeie)

Events

800
700
600
500
400
300
200
100

KM3NeT First DU Preliminary

!

I
N
S

DOM 10: Data

Monte Carlo (Scaled)

-20

20 40
Hit time residual [ns]



Inter-DOM time calibration

for iteration <= 150
monitor hit time residuals
for each DOM
compare HTR data with MC
shift DOM time offset

Time offset [ns]

|

|

0 20 40 60 80 1

00 120 140
Iteration

Dark room calibration

K. Melis, Coll. Meeting Athens
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Calibration comparison

* TODO



Part V: Reconstruction

Runs 5009-5170 (.... hours of data)
Trigger on either DU (numberOfHits=5)
JPrefit + JSimplex

One line fit
— At least 5 L1s on DU
— Exclude hits on other DU



Simulated and Triggered events

Y97 million atm. muons generated
e ~400k triggered events (numberOfHits=5)

3000

cos(9)

|
~ \ 3
{l Illlll lll LLL} III llllll lll Illlll llllll III llllll LL}
: -
1]
o -

2500

2000

Trigger rate [Hz]

—0.3 1500
—0.6
—0.7 1000
—0.8
—0.9 n o
/1 152 25 3 35 4 4’-5 0 0_0' 20 40 60 80 100 120 140 160 180
log, (E /GeV)

Zenith angle, true [°]



Reconstructlon Performance

F - 0 L= h Frk =
=500 0 500 1000 1500 2000
Height closest aprroach, true [m]

= 180 52000
s 160F 1200 5 < 1500
g 140 <
S 120F <1000
= S
S 3 S 500
5 80 S
S 60F N
R: g
= S -500
20F 3
0: PRI R S S T T TN NSNS S T SN S S W NSNS U U TS R R E 100
0 20 40 60 80 100 120 140 160 180 = CZ1000
Zenith angle, true [°] =
§§§(0)g? B Onlysinglemuon
= 3
= 1400F events shown
1200F 3 oy
1000F- = 50
800F- 3 40
600F = 30
400F 3 20
200F = 10
= o o e i el PP R ol sl
S0 =I5 210 =5 0 5 10 15 20 ~9000

Zenith angle, reco -true [°]
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-2000 -1000 0O 1000 2000 3000
Height closest aprroach, reco.-true [m]

Events
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Reconstructed quantities

= 02k i = 1
SF Me S MC
T 2 107F E
§ ]0—35— Data - § E ]
S : > f
<0k E B - i
] » i
107 . 10 :
10° & = =

_1000 =500 0 500 1000 1500 2000
Height closest approach [m]

0 20 40 60 80 100 120 140 160
Zenith angle [

o

— ool
S

- No event selection
- Shapes seem to agree well
- Normalization wrong

Event rate [Hz]

MC
Data

_6:_....|....|....|....|....|... . .
== =50T 15500 %0 500 To be investigated

Distance closest approach [m]

K. Melis, Coll. Meeting Athens



Conclusions

e Main issues:
— Normalization data-MC

* Still a lot to do:
— Hit coincidence multiplicity comparison
— L1dt fit (inter-DU timing)
— Calibration comparison
— More interesting quantities from reconstruction
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Backup



Multiplicity



Calibration overview

Inter-PMT

40K

Nanobeacons
Not ideal

Lab measurements
Not feasible

Inter-DOM

Atm. muons L1 time
differences

Hit time residuals
Nanobeacons
Done

Lab measurements
Done

Inter-DU

Trigger rates
Done

Hit time residuals
Only 2 DUs yet

Nanobeacons
Done

White rabbit
Done
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Systematics: others
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Dlstrlbutlons others
o T

600F =
200F = 500F 3
: E 400F 3
300F 3
200F 3

T 9 ToT ns) e e o dtodns)

C 1 180E
100~ ] 160E
C ] 140
] 120
60F 3 100E

r ] 80E
408 E 60E
- . 40F
20

= N B PR BT PP B . A P B Lo
05 55 6 65 7 75 8 85 9 0] ]2 14 ]6 ]8 2 22 2426 28 3

150F =

100F 3

SOE =

20F =

Singles rate [Hz] TTS [ns]



Hit time residuals, high quality tracks

Hit time residual [ns)

40 50 60 70 &0
Fit quality (=NDF-1/4*¢*/NDF)

Hit time residual [ns]

-0.99 -0.98 —-0.97 -0.96 —-0.95 -0.94 —0.93
cos(9)

Fit quality > 10
cos(B) < -0.97

K. Melis, Coll. Meeting Athens
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Distance closest approach, reco. [m]

Events

w
S
S

1

~ND N
93

SIS
~

[\

50 100 150 200 250 300
Distance closest aprroach, true [m]

ri PRI S BRI S PR
=200 -100 0 100 200 300
Distance closest aprroach, reco.-true [m]

Reconstruction

Events

performance

Events

40000
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35000
30000 200
~
«~25000
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20000
25000
J0000
S 50
35000
S 0 0
§ 0 400 600 800 1000 1200
§ Distance closest aprroach2 , true [m?]

M BT BT SRR R R
—4%00030000200091 0000 0 10000200003000040000
Distance closest aprroach’2, reco .-true [m?2]
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Reconstruction

 Runs 5009-5170 (.... hours of data)
* Trigger on either DU

* Reconstructed if >=3 (L1) hit DOMs on both
Dus (>=6 in total)
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