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Timing Reguirements

B Absolutetiming (i.e.w.r.t. UTC)

¢ Compatible with available systems (GPS, synchronization)

¢ Physicsrequirements= ~1 ms (coherent source of 300- km size)
B Redativetiming (i.e.among OMSs)

¢ Limited by intrinsic detector processes

event to event fluctuations:

= TTSof PMTs (s ~1.3ns)
« Light propagationinwater (s ~1.3ns)  More info? = H

» Electronics (s <1ns)

® Goal = s=0.5ns (inaverage relative ?t,'s)
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Timing calibration systems

In-situ calibration systems:
Clock calibration system

e | EDsin Optical Modules -
Optical Beacons _
Down-going muon tracks

~

Calibration before Iimmersion:
& | aser- fibre system S
Clock calibration
LEDsin Optical Modules

Built-in systems

Laboratory specific
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Clock
calibration
system
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Clock system on-shore

....... Optical
T Fiber >

ON_GPS
Control

321/O Board for control frame
and synchronous commands

Control Modbus

| IRIG-B (Synchro. Bus) |

Ethernet NTP protocol to
other computers







Time calibration through the clock system

B Each ARS (readout chip) hasits own local time counter

B The ARS usesthe LCM clock board for Time Stamping

B A genegrd Reset Time Stamp order to all ARS every 0.8 s (max)
m A TVCramp givestime w.r.t. each clock cycle

® Clock boardsat SCMsand at LCMs ére bi=directional . s

B Roundtrip delay = relative calibration upfb/l\_/c,"%rd ock boards
mm Clock signal
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Echo- based clock calibration (Tests)

Phase Jitter between 2 cards
(Roundtrip delay ).

Reference

1510/1310 nm

LCM_CLOCK-2 — Sl =)

ON_SHORE station



Clock calibration test results

phase[L1S2F2 - L1525F3] distribution (ns) of the mean of 100 measuremants

4807 mean(ns)

440 antrias : 11279
420+ mean : a7.56
400+ nms - 0.01050
380+ min : 37.51
m{- max : 37.60
3401 Gaussian

320 amplitude : 430.07
pt MEan ; 37.580
B sigma : 0.010273

o
arme ar.s3 ar.54 37.55 37.56 3757 a7.68 ar.se ar.en
dT{ns)

Average of 100 measurements:

s~10 ps

phase [L152F2 - L152F3] slgma (ns) of one shot measurement

BOO entries ;11279 |
750+ mean 0.10211

0.085 0050 0.085 0400 01065 0110 0118 0120
sigma (ns)

One- shot difference:

<?>~ 100 ps
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Pre- Production Sector Lineand Mini Instrumentation Line results
(Clock only reached SCMsdue to broken fibre)

phaseML-PSL] vs time overtwowaaks
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Roundtrifimé2ifference ota2 8Bifhs ~80(MDpHt: -~arpsision: 100 ps
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Calibration

N the

| aboratory
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Timing calibration in adark room
B Before immersion the strings will be calibrated in a dark room at
CPPM (Marseilles).
m Some of the built-in systems are used.
B A dedicated |laser-fibre system is also employed.
® Onceinthe sea, the in-situ calibration
will have these results as areference.
m Dark room calibration with

Pre-production Sector Line (PSL)




Laser calibration at the CPPM dark room

Optical
beacon

<3

Optical Splitter



Time calibration in the Laboratory (results)

Time difference of laser pulses between ARS

raw data Clock and TVC cdlibrations = after

) | Before any calibration |
Nhits 10000

» L
—

=
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ala A L

) 4 |
-600 -400 -200 0 200 400 €00
ns

A few 100 ns between two
consecutive storeys due to
difference in clock delay

Nhits

| After all calibrations |

35001
3000
2500/
2000
1500
10001

500

Differences due to TT and
cables OM/LCM
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Pulsed LED
N

Optical Module
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Cable

Hemisphere

Motherboard

Base

Cage

LED

PMT

Cage

LED in OM
allows to monitor
Transit Time of PMT

Hemisphere

< | >



LED pulser

18-Apr-81 HARDCOPY
16:31:18 output to—y
“Average (1) T
2 ns T Int. Printer
205 T
12. 4 I [ __I|¢crIs
100 swps + L] R5232

Sheffield pulser :

Blue LED !
Agilent - ii T
HLM P_CB 15 1 TIFF b/uw

2 ns RIS T

Il 285my 500

25 GS/s

v 2w L 1Sy NORMAL
INDUCTOR 4RI qpp
YT % | . :
YAk — e 5 Pulse rise time: ~2ns
4r3 =
° 100pF TG b (10%- 90%)
4R1 3 2 3 : :
100 404 | = i o | BrRosL € E | Pulse width: 45-6.5ns
7 3 i " :
™ %, ' Jitter: ~100 ps
CAPACITOR WAR 4R . :
TI:?E';"“ . Light yield: 0- 40 pJ/pulse
2 3 100 '
- (attenuated by housing

and Al coating)
Energy stability: +5%

based on Kapustinsky et al.
(pulse-to-pulse)

NIM A214, 612
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Transit Time monitoring by the LED in the OM

TT - TT(800 V) ns

TT(Vkd)-TT(800V) ns

18
16 § N
ST 5037 led recette 1pe
14 & ST 5037 LED2 9.4pe
A ST 5037 led recette 74pe
12
¢
10
8
]
6
4 2
2 |
0 T T T T T ‘
200 300 400 500 600 700 800 900
Vkd (volts)

de (volts)

(photocathode to 1st dynode voltage)

> ¢

1 pe
9.4 pe
74 pe

TT(V,y slope does not depend on N .
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Transit Time monitoring by the LED in the OM

~10 pe ~21 pe

~10.00 E
(7)) < 500 @ ¢ |ed JP 0.5mmglued
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TT(V,) slope does not change for N < 20 Average Npe

TT(V,y and TT(V,,) can be reproduced to +0.5ns
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Optical

Beacons
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Optical Beacons

Optical modules

/

Light
shells
Strings

Light sources

B Use well-controlled, external (pulsed) light sources
B Scattering and absorption => OB - OM distance = 7 or ?.

B In ANTARES

® One LED beacon every 4/5 storeys.
® | aser beacons a bottom of some strings.
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LED Beacons in Sector Line

to the cable

i LED
el Beacon

Block of
Electronics
LCM

Optical Module
in the glass sphere

Hydrophone
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L ED beacon

< | > |



L ED beacon components

i
¢ ) | RN |
i

el e

Six LEDs per face
(one looking upwards)

Hexagonal mounting
(six vertical faces)

INDUCTOR 4R qon
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T Sheffield pulser
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-—Tﬂﬂﬂnf
2
BFRIIL
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L aser beacon

< | >



L aser beacon

diffuser

Nd-YAG la
?=532nm (g
e
el .
. Y |
P \
\_]
Stable energy per puls 5 N
(after warm-up) J. $ s ~Cc0s ?

300 m

Points upwards to
nearby strings

Laser Beacon at Bottom String Socket
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Optical Beacons- Monte Carloresults

SP¥sRysttidigtdivestighigroniibrlete o @aReitivyidiekraes B edyanse

T90 (ns ] ! ! Nb of OBs
T50 (ns) E _,-: §E . i ; W?n
T50 (ng '“:. n*.e‘ﬁ) = + r—ht rl\ﬁ)l @St . Q
= L

H aemae | Distan&r.QBon i)

s 1111 )
Distande @B-OM| (m)

Source full width: @ 2ns ® 4ns

T corrected

T50, T90, T100 = Time at 50%, 90%, 100% of peak in the rising-edge

( ifgaussian: X(a(%))= s v(-2¢In a(%)) )

< | > |



Off-seats, drifts and fluctuations...

t Photocathode | ARS TVC? LCM clock Master Clock
| , oM . ? ARSTVC | LCM clock ? Bslitter | 2 B splitter
| ARsi 1= : oM
| L tem' Delay ~100 ns ~10ns 2-4 18 ~400 s

Cgemcroc Stability ~2ns <02ns <05ns ~2ns
tCLOCK S tOM : -
' _ : Jitter ~1.3ns <0.8 ns <0.1ns <0.1ns
'| ARS IZI*/_\-'% OM !
i :l i t om ! Dark Room, v ? v -
- E Clock v 2
i|LCM_CL OCKY LED in OM v N
tCLOCKj LTI RN Opt. Beacons v ?
N . lB_SPLITY tcaBLE 2= Muons v 2
— N M.
Master Clock
. - ? . _ - .
t. oy =ARSinto LCM clock Stability = Labo.-SIte.caI |.b change
te ock = LCM clock to splitter in JB or drift with time
t.oe = Seaand land cables Jitter = event to event fluctuation
Calibs.: v'= from the very start (for this calibration system)

More info? = |

? = in the middle (contributes to this system)
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Summary
= Timing calibration goals of ANTARES:

& ~1 msin absolute timing (internal clock w.r.t. UTC)
& = 0.5 nsinrelative timing (between OM )

Intrinsic (event by event) fluctuations:

s ~ 13 ? 1.3 ? 1 ns
PMT medium el ectronics

= Several complementary systems will be used. Cross-
checks will be possible. Relative calibration of
averagety swill reach s =0.5ns

< | > |






END OF TALK




HYPERLINKSand BACKUP SLIDES




Control (SCPI)

: Box

321/0 Board
For control frame and synchronous comands

ON_CRATE
Control (Modbus)

GPIB

?=1534 nm
Optical Fibi —
Todmdion >
—
?=1549 nm

—_

IRIG-B (Synchro. Bus)

Ethernet NTP protocol to
other computers

Clock system on-shore




PIN diode receiver module

Components of the
clock system

i S Ay
v e darhwh b
AR SERRAARMIRELYL

0 i 11 20 [0 R T S DA

WDM laser module

Input from MEOC Output to SCMs

Junction Box
Passive Splitter

BIDIANT board
(SCM and LCM Containers)




Off-sets, driftsand fluctuations (mor e info)

toy = PM cath to ARS TVC
toy = 48 Nns @ V,, =800 V
57ns @ V,, =362V
Vkd dependence ~33 psNV
TTS =1.3ns (Vkd ~- 1ps/V)
V,4 time stability 0.16 V
Expected variations:
Channel-to-channel: ~10 ns
Labo to Sea: ~5 ns
Time drift: ~2 ns

t, oy - due to electronics and cables
Delay ~ 10 ns
Stability <0.2 ns

tCABLE .
Temperature variation 35 ps/K/km

Part inthe Sea ? very stable (<0.5 ns)

Land cable: ~ 1ns
(contributes to absolute timing only)

tARS
s <0.8ns

Variations mostly due to TVC
Stability ? 4.3 ns/V + 33 ps/-C

(0.1 nsA 0.6 ns)

Anode signal

Threshold

TVC

tCLOCK

Stability: s <0.05 ns
Variations mostly due to TVC
Stability ? 4.3 ns/V + 33 ps/-C

(0.1 ns A 0.6 ns)
Clock to GPS precision: 1.3 ns




Light absorption and diffusion

| e ~60£8 M
I scat eff — 265"_'30 M

| o ~ 2622 M
I scat eff — 1201'4 M

(Errors reflect variations between
different measurements)

| Isca.t
scat eff =

1-<cosqg>

0.2
0.15
0.1

0.05

3
E 24m data
%
E
E

At 24m, 95% within
Dt = 10 ns(B)
Dt =30 ns (UV)

100

150

200 250 300
Time delay (ns)
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Chromatic dispersion

B Cherenkov angle is determined by phase refractive index,
propagation time by group velocity (i.e. group refractive index):

cos?= 1 f&n; v, = c/n, where:  ng =

B Our detector is colour blind: a definite ? must be chosen (we use
?=460 nm). This introduces time shifts (can be corrected) and
spreads (depend on distance)

B Monte Carlo shows that scattering does not introduce an
additional spread up to distances of 50 m (it makes the light less
“chromatic’).
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Overall chromaticity + scattering effects

Wavelength dependent refractive indices

1.46
=
1.44

1.42

1.38

1.36

[~  "group

n,= a+b 2 +c 2 7%+d 27

n
ng = d
1+_WQL
di n,
a=1.32292
b =16.2561

c=-4382
d=1.1455 «10°

n

—n phase

T

1.34
300 350 400 450 500 550 600
2 (nm)

Nphotons

Nphotons

Distance from track (m)

S medium (ns)
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0.68

40

1.3

100

2.8

200

5.9

Residuals at 10m

Residuals at 40m
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0 | L d]k\L—l | L 0 mew W
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dt (ns) dt{ns)

0.2

0.15

0.1

g Residuals at 100m

A

15 20
dtins)

l—:|2[I

15 20
dt{ns)

residuals (t- L. n(460 nm)/c)
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Pleces, parts and spares

ON SHORE

.

Taps

START STOP o
TX
EX 4—
ON_GPS  ON_CLOCK ON_WbM

A=1534nm | —»

*=1549nm | 4—

OFF SHORE

A=1550nm |-~

2=1310 nm
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