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’ Talk Overview

|. (Astro)Physics Case: why neutrinos!?

2. Comments about the recent findings with current
telescopes

3. New generations of neutrino telescopes: KM3NeT
4 Trigger and Data Acquisition System for KM3NeT

5. Recent achievments with the recently deployed string
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(Astro)Physics case - CR energy and

abundances spectra

CR a_bundances
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upstream downstream
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Fermi mechanisms
 Energy gain at each crossing AE/E ~ B = vqi/c,

spectrum N(E)dE ~ E2 dE (see dedicated spare slide).

e Galactic Sources: E..« ~ 10'¢ eV

e Extra Galactic Sources: much more !

log(Magnetic field, gauss)

' Acceleration mechanism : Fermi’s and beyond
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RX J1713.7-3946

H.E.S.S. data

fitted y spectrum
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' Hadronic model vs. leptonic model

High energy interactions are - so far - revealed by gamma rays, but neutrino
production should take place...

*Photo-disintegration: P+ 7Yy — A
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* p-p interactions: (leading ch.): pp —»p(n) + m2° +2mx*

Neutrino at sources: TVe: 2Vy: 0Vr

e (Qscillation effect: over cosmic distances, neutrinos have
maximum mixing with no oscillation (decohernece effect).

On Earth we expect to see TVe: TVvu: 1V

Inverse Compton

+Bremsstr.
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Astrophysical neutrino source zoo

v Dark Matter Micro-Qausars

neutrons
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e »T
| .i / @5 PMTs lattice

M. Markov: ‘
“We propose to install detectors
deep in a lake or in the sea and
to determine the direction of the
charged particles with the help of
Cherenkov radiation”

P

1960, Rochester Conference

Y

charge current interaction *

.*L cascades

A\

* UpgeIssil

INCOMINSAVAY

dense neutrino target

Very small neutrino cross-sections with matter oy~ ~ 7.8 10-36 (E%36/ GeV) ecm? for By > | TeV

v
Multi-km? volume size detector for tens events/year
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Neutrino interaction sighatures

Charged Current Neutral Current
W Z
nucleon hadronic jet nucleon hadronic jet nucleon hadronic jet nucleon hadronic jet
Ve Vy
high energy
electron -
hadronic hadronic hadronicq . Vy
jet & jet & jet N
=]
€¢ 9
Best channel for Golden channel Dorblj bané oy Partial energy
o o > . .
Energy estimation for Astronomy resolve @ e information

(good angular res.) (tau range >50 m)
SO rare events

Glashow Resonance
Enhancement of cross-section in the anti-ve - e interaction @ ~ 100 GeV
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Unavoidable background

-7
0 e Astronomy:
10° |
10° | 1 Ham = looking for upgoing (T)
= 10" |
T costnic 8 - * Energy spectrum deformation
) - —— Almospheric
=107 e
< 0 e T Vam = energy cuts (E>10-100TeV)
; 10 | Atmospheric
S e
A3 rays | . . .
0 — Quantity of detected light is a good
L s N 1 energy proxy. In case of cascades the
10" E— . induced. £ >1 Tev 1 telescope can act as a calorimeter.
: i Strong demand for large volumes.

-1,0 -0',8 -01,6 -6,4 -01,2 0,0 0;2 0;4 0;6 0;8 1,0
cosb
Exploiting the background:

Hatm = study of sytematics
Varm = neutrino oscillations
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| ’ Astrophysical neutrino expected fluxes
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+180 180

% W,é? $8433 | GX339-4  VELA"

b Galactlc
Centre ' :

pros: low optical bkg due to natural radioactive decays or pros: large optical bkg due to natural radioactive decays or
bioluminescence bioluminescence

cons: poor angular resolution (small scattering lengths ) cons: good angular resolution (large scattering lengths )
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Timeline of the Neutrino Telescopes

1976 1996 2002 2003 2005 2006 2013 2014 2015

® @ ® >

DUMAND
(Pacific Ocean
project canceled first evidence of
in 1995) HE astrophysical neutrinos
"""""""""""""""" > " (IceCube 59)
AMANDA/II
! (Antarctica
i 1996-2005) NESTOR Instr. vol.
~ 3
(Egean See- Pylos, Grieece J L V...
prototype) ‘upgrade to
it BT e PR R Ry P ] EEEEE PP PP PP PP EEPPEEEEPPPPEEEE > GND (t.bd
_.-BAIKAL-NT200 (tb.d)
A (Lake Baikal, Russia) )
Instr.vol. | L] D S N I upgrade to
= 0.005 km?3 _..-IceCube % > Ice“Cube Gen 2
4~ (Antarctica) P (tb.d)
; Instr. "°:' 'NEMO Ph.| Instr. vol.
v ~ 1 km (lonian sea, Catania, Italy > | km?
Instr. vol prototype)
=0.00 km?|_ T P R > decomzf?)if;ioning
---------------------------- ANTARES
(Mediterranean Sea, Toulon, France)
NEMO Ph.2
(Sicily Channel, Portopalo di C. P} Italy
prototype )
I .
KM3NeT PPM-DOM
Mediterranean Sea, Toulon Fran¢e
protoype Instr. vol.
------------- > 3
KM3NeT PPM-DU >l |
Sicily Channel,Portopalo di C.Pj| Italy
protoype 2014-15 upgrade to
------------------------------------- » KM3NeT Ph.2
PN KM3NeT Ph. | (ARCA - ORCA)
Instr. V°'; Sicily Channel, Portopalo di C.P.
= 0.1 km first string deployed
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lceCube: for >50 candidates, rejected atm. neutrinos
Ho with significance ranging [3.7/0 - 6.50 |

-Energy range: 100TeV< E < | PeV for tracks, E >
(35) 10 TeV with (partially) contained cascades:

>4 HESE events (High Energy Starting Event) analyses
imply vetoing approach, which reduce the IceCube
effective area. Most of them are cascades for which
the angular resolution is >10°

ICECUBE PRELIMINARY
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| ’ Recent findings from IceCube

B Background Atmospheric Muon Flux

B Bkg. Atmospheric Neutrinos (=/X)

774 Background Uncertainties

— AtmOsphenc Neutrings (90% CL Charm Limat)

w— Bkg.+Signal Best-Fit Astrophysical (best-fit slope £ *™)
""" ' =« Bkg.+Signal Best-Fit Astrophysical (fixed slope £ 7)
ete Dala

IceCube Preliminary

..................................

Galactic

10° 10° 10*

Deposited EM-Equivalent Energy in Detector (TeV)

Hot spot in the Galactic Center:
ANTARES has excluded at 90% C.L.
the possible match of events with
point sources (see dedicated spare

slide)

x tracks
+ cascades l E— |

0 TS=2log(L/LO) 13.1
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' Recent findings from IceCube

35 : . :
S — iC tracks (6yr) | dANII sky cascades . agrn
_# 3.0}« iC MESE 1 4N _ (5 2407) 10-18 Gev-! em=2 -1( v )_ R
o _ | — ICHESE (ayn | GE =235 10 GV Te e ey
1 2.3 ¢ combined :
© — IC d . .
1 20p R, High Energy Starting Entry events
3 15} f (HESE, downgoing) Vasio = 2.58 + 0.25
= 1.0} : : . .
= : ¥ Upgoing Tracks (i.e. from Nothern Hemisphere)
£ 0.5} , AR s 1 dN, s o T -(1.91+0.20)
o 0. : : : IceCube Preliminary dE = (0'66—030) 1077 GeV™" cm ™ sr (IOOTeV)
?.4 16 18 20 22 24 26 28 3.0
ﬂ-’;l.\lrn
A tension at level of >3.60 Is apparent.
ANTARES, with full statistics,
- could confirm a signal of diffuse E~ flux from the Southern Sky (should be the same);
- Is at the edge of sensitivity for expected Galactic Center events.
Compelling request for a larger neutrino telescope in the Nothern hemisphere
with optimum angular and energy resolution...
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KM3NeT
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' KM3NeT Europe and KM3NeT Iltaly

=&
& z

KM3NeT-HQ

" 4

‘ KM3NeT Collaboration
., 42 Institutes

KM3NeT-Data Centre
l
& l

KM3NeT
(-2500 m)

£ &

‘ Experimental sites KM3NeT-it KM3NeTl-Gr
(-3500 m) (-4500 m)

IO} Data Centre
{? Physics Research institutions (circled = both Eu and ltaly)

# Associated Sicence institutions
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Neutrino Telescope in Bologha

“Nu-Telescope” group (ANTARES - NEMO - KM3NeT)
Historical group

S. Cecchini : Former ANTARES Quality Manager
T. Chiarusi : KM3NeT DAQ system coordinator
A. Margiotta : team leader, Montecarlo Simulations coordinator of the ANTARES Coll.

M. Spurio : deputy spokesman of the ANTARES Coll.

L. Fusco : post-doc (diffuse flux analysis)
C. Pellegrino : PhD student (DAQ software and trigger algorithms design)
F. Versari : undergraduate student

in strict collaboration with CNAF people for DAQ desigh and realization:

£
M. Favaro, F. Giacomini, M. Manzali: software design *
" L. Chiarelli, S. Zani: networking .
N
‘ Strong support from the Electronics and IT Division in Sezione di Bologha b

Fruitful collaboration also with Oceanography Group of UniBo: N. Pinardi, M. Zavatarelli i

-

—_— —_— e h*
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a KM3NeT Europe: 2 sites distributed experiment

The common element is the Detection Unit (DU): vertical structure hosting |8 Digrtal Optical
Modules (DOMs) each one equipped with 31 3" PMTs and | piezo acoustic sensor for the
positioning system.

—— Astronomy Research with Oscillation Research with —
Cosmics in the Abyss (ARCA) u Cosmics in the Abyss (ORCA)

Study of neutrino mass hierarchy

| el +
2 string building blocks (not presented today)

8 towers*-deep core in the Italian site
string vertical spacing: 36 m 1 string building block in the French site

string horizontal spacing: ~100 m ™ vertical spacing: ~6 m
horizontal spacing: ~20 m
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KM3NeT- EU Development

Phase| Blocks/ Primary deliverables / Funding
strings site(s)

Proof of feasibility and first

1 0.2/31 |science results; Fully funded
7 (Fr) + 2409 * |KM3NeT-Fr + KM3NeT-It sites

Measurement of neutrino signal
2/230 |reported by IceCube;

All-flavor neutrino astronomy; Applications
2.0 KM3NeT-lt site pending
11115 Neutrino mass hierarchy;
KM3NeT-Fr site
Neutrino astronomy including
3 6+1/805 |Galactic sources; Future

Multiple sites

(* plus 8 Towers, fully funded as well )
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' The KM3NeT Europe - Digital Optical Modules (DOM)

31 3” PMTs in 17”7 glass sphere (cathode area~ 3x10” PMTs)
* 19 in lower, 12 in upper hemisphere

Al cooling shield (A)

» Central Logic Board (CLB) (B) Better discrimination of the light due
« Front-end electronics (C) “Octopus board” to environmental BKG

« 31 PMT bases (total ~140 mW) (D)

1-vs-2photo-electronseparation
—>better sensitivity to coincidences

Central Logic Board (CLB)

High Voltage for PMTs
discrimination w.r.t.

predefined threshold FPGA (Kintex 7) for-:
- TDC (time & time over threshold),
- time stamping (| ns precision);
- interface for time synchronisation (White Rabbit)
- control of calibration devices (I>C bus);
N - Ethernet communication;

\/ NOTE: the DOM is a node of a submarine network which is directly
e connhected to the TRIgger and Data Acquisition System LAN, on-shore.
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Prototypes (~ one year data taking)

PPM-DOM
in the KM3NeT-Fr site (2500 m depth ) Eur-Phys.). C74 (2014) 3056
= 10T T e |
= q0° :
> KM3NeT DOM L
< 10° —e— Data - 40h 4min 3‘
ac 3 B Simulation - Muons 1
10 B simulation - “K 11
10° B Combinatorial Background "!
1(1) g
10" | §
102 [ .
10° | .
10 | " .
10° | i W
PPM-DU 5 10 15 20 25 30
in the KM3NeT-IT site (3500 m depth) Coincidence Level
T Buoys )
10.88 m 0 arXiv:1510.01561 - accepted by Eur. Phys.].C
-+ AR BRERREBARENBARAELEEEE BALEE BB AE BEBEAE
2.5 o
4.87 m - |[KM3NeT PPM-DU
+ @ poms - b oat :
|| — R |
35.80 m p—— :
T N ) -
€ bom2 T b -
3596 m| [~ 2 | ]
| - -
oc — -
+ @ pom1 't 3
72.02m| =1~ Ropes 0.5 -
VEOC - (B) ]
- . A A L L 1 l A1 1 L l LA L 21 l b - 1 -
Jumperw Base container 86 065 07 075 08 08 09 095 1
Anchor cos 0
reco
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‘ | ’ Track reconstruction FoM for ARCA 1 B.B. only

After cuts optimized for track reconstruction

- Gaussian fit:
'o_l | I||| oo H H H H | e —
= - 90% of the AW(v,fit) distribution §4ooo:— Errtas gocts
S 10w 68% of the AW(v,fit) distribution [ w - Mean 0.002
= T i _ _ g O 3500 Sigma 0.26
@ [ ——— median A¥(v,fit) i g C
o) : 3
- ——— median AW(v,w) [T | §3°°°;
© = "
S 2500
o) -
c A "
< 2000+
15001
' 1000
L -
107 500
_Illllllli III'IIII Illll : - III.I..II 0: * l o I i I N L I L
10° 10* 10° 10° 107 108 2 -15 1 05 0 0.5 1 1.5 2

Angular resolution Energy resolution

about 0.2° (E,,>10 TeV) 0.26 in logE,
(1 TeV <E, < 100 PeV)

( note: IceCube ang. resolution about 2°)
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Cascade reconstruction FoM for ARCA 1 Building Block

After cuts optimized for cascade reconstruction

>
3
Q

. resolution vs E
reco

Angular resolution [°]

-
N W A~ O O N OO ©O© o

FRETETLTLT .H.H..|.

10° 10° 107
Eeco [GEV]

Angular resolution about 2°

Ereco/ Ev VS Ereco
15—

El‘eCO/EV

Energy resolution < 10%

0.5

( note: IceCube ang. resolution about 10°-20°)
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’ Displayed tracks and cascades
Muon tracks (range > | km @ 100 GeV)

Cascades
(size O(10 m) -- elongation with LPM effect)

620 TeV CC v, event

|.8 PeV CC v, event
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Search for extragalactic neutrino flux ARCA - 2 B.B.

07
- atm
. U')1O Y gtm
Assumptions: . — difuse flux E
_ 107} R diffuse flux E=*°}-
1. Flavour-symmetric 510_6 ]
. >107 ¢
Q | e,
2. Isotropic B0 L |
3. Energy spectrum & ol
2 : o 10— | B, g G Does ~ G W~
consistent with W |
lceCube findings o A
10“° -
10—11 _J_Luui_x__x_x-mu;l_;_;_mmi_x*uJ?{lﬁ_uqu | ...' W
102 10° 10* 10° /10° 107
= : E, (GeV)

E, \ 2
_8 CE— - -
®(E,) = 1.2 x 10 '(GeV) exp( T,

E,

) GeVlem—2s 1lgr1

—2.46
O(E,) = 4.11 X 1079 (GeV) - exp (—

Ey
3 PeV

) GeV lem =25 lgr1
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| ' Discovery potential for diffuse flux searches for ARCA 2 B.B.

KM3NeT/ARCA Preliminary
= 6 - E | ; ' | Event numbers
0 eF (cut&count):
5 o | 16/9 cascades
O - ; :
= b | 7.5/5 track-like
c 4 .
2t | e track | (signal/background
0 L . —— cascades | per ARCA year)
3 - ’ s cOMbined ’
B . I v, conventional uncertainty: N
B v i ote:
2_ R . S a,,: prompt uno?rtaunty
- Other ﬂwg assumptions é | For each energy,
2 yleld 10-30% |mprovement : ; | diract d 1
15 in dlscovery tnme HEEBONLAUC RAVOH
| KM3NeT is
] flux per flavour 1; 2 10® (E/1 GeV)? exp( -E/3 PeV) GeV' sr‘ S cm2 Complementary to
On P 1 1 ;‘l’-l .5 3 'I' | SN I B | I i -3 - - I 1 1 1 I LI 4 =] I | 1 | I
0 05 1 15 2 25 3 a5  lceCube
Observation time [years] =
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| ' Discovery potential and sensitivity for point sources - ARCA 2 B.B.

KM3NeT preliminary - detector with 2 building blocks

(4

 Galactic sources in reach

H

Significance [ o]
w

- S —— PP S ———

2 VelaX
V. CONventional uncertainty | - ENSCOVerY POta! (o)-
RXJ1713.7-3946 : | SRELELEN BLELEL AN B KM3NeT/ARCA (2 building blocks), 3 observation years
1 = |:] \,m conventional uncertainty ‘j E —  (ceCube (IC86+IC79+IC59+IC40), 4 observation years
: Ba I B Astrophysical Journal 796 (2014) 109
00. - ‘1‘ . é é ) 110 ; ,1i2” e ® Antares upper limits (1338 days)
Observation time [years] ” £ ApiLS (2014)786
uJ - .
§ Ff - :
: ame = = :
. S. .r d. J *d
ignificant discovery il 1
potential for extragalactic = :
sources : )
—~— PRI
'09 O B N D LN U BT B T i M o M A0 BN e N el N () DS O N 0 G B e O by O [ O 8 o |
1 08 206 204 02 0 02 04 06 08 1
sin(o)
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31 PMTs/DOM

6 PMT-OM/Floor

KM3NeT-Italy: 8 Towers deep core of ARCA

1 | 8 DOMs/string |4 Floors / Tower TOt 672 PMLT/;\.-
8 Towers /
558 PMTs/string
64170 PMTs/b.b.
qs 's N\—- T
‘ 17300 w :3 * ?\K. » \\CTFB;:-;
' T 2 . e 8m
. 7 . EC = €,'/ W ‘4{“
@17200 W A 00 o o //""j ;g‘ \ A
E N ,‘ o
Z e & 20m
B )
é 36 m|
 Z ' 4016800 W )
416700 W ’ F’
& - . . =% .
23 Foot print @ KM3NeT-It site

W 0Sp~ :yadus| Jamoy
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' Simulation of 24 strings + 8 towers in KM3NeT-IT phase |

xz KM3NeT CapoPassero 2 | - 8Towers KM3NeT-ltalia
= 24 Strings KM3NeT-ltalia
~400

- footprint KM3NeT CapoPassero 2 b towers kisneT-nala
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The KM3NeT Italy - Optical Module (OM) and Floor Control Module (FCM)

The OM: 10” Hamamatsu R7081, Front
End Module, Time Calibration, LED
beacons

Spartan 6 FPGA

Fixed-atency transceiver o (s | (o] (] [ R

No external PLL (olated, +12V) (Y& | Messurement

6 x OM interfaces (clock distribution, data rx / tx), 2 x AES3

Host a microblaze-based system on-chip NOTE: in this case, the FCMs are
Slow control communication point-to-point connected onshore
Slow-control functions (OM power control and monitoring) to custom ASICS (NaNet3) onboard
Voltage and Current Monitoring of servers for managing the DWDM
12C bus, Serial Ports data stream

Flash Read/Write
Full remote safe reprogrammability with multiboot (3 full images + data)
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DAQ model: all data to shore, triggering on shore

iyt iy! off-shore The DAQ model is applied to both
Front Ends u Front Ends u Front Ends u achiSition A Strlngs and towe rS, Wlth due
I .
fI'ilme Stamping IJJ—' Time Stamping . ! i Time Stamping u : d lffe FENCes.
\—’T‘ |

[ . * [ : * [ . * : . .

Acquisition Control Unit < Acquisition Control Unit Acquisition Control Unit | For hlStorlcal reaSOnS, the rea—dOUt
, , , - . . - 1 3
| F|rstAggr<:—i;l_o;‘stage First Aggregatlolstage | First Aggregatlolstage — : eleCtFOHICS and .the DAQ Sys-tems
""""""" [T "'"'"""#'#T'"%}"""""“. of strings and towers are different.
aggregation

and routing a) Both systems exploit fixed latency

«—@ — @—o electronics for clock distribution but
v with due differences.

filtering b) The recorded type and number
of information per PMT hit are
different.

YIOMISN [eqo|D

c)The implementation of the

storage & computing resources on shore
control present some differences.
— > data flow _ _ [ high throughput connection
—>»»> message flow switch fabric <> low throughput connection
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' KM3NeT-Italy - Clock distribution with Towers

Towers:
-use a point to point connections;
-sinchronous timestamp distribution embedded in a continuous framed (125
us) data stream from on- and off-shore. Maximum supported throughput per

Tower 2 Gbps

-( ‘
/ N\ Floor
GPS — §

e |
‘o = .
0§
E5
-3
0% gl
= DWDM g 2 DWDM |
MUX ~100km MUX |
Point to point link Fully synchronous link
Each Floor is assigned a couple of lambdas (rx/tx) in DWDM spectrum Clock, Data and Timing embedde in a single 8b/10b stream

Standard component Each device is time-stamp aware

Lambda drift monitoring and tuning Fixed latency
Round-trip time monitoring + pre-deployment calibration

Tommaso Chiarusi - INFN Sezione Bologna 33 Aperttivi Scientifici Sezione di Bologna 22/01/2016

Tuesday, January 26, 2016



White Rabbit and the Network architecture

_ Time _ , (TiMO@DAR ( Control [MEEE

Two separate services Maser, ¢ " oere [
(enhancements to Ethernet) | ry
provided by WR:

@ Synchronization:
accuracy better than 1 ns

precision (tens of ps AL
sdev skew max) : |
3.V Switch
@ Deterministic, reliable
and low-latency Control Blcue swit o
. ' Node @ Node B Node
Data dehvery Database Other - PC
Node 1
J<z 2000 nodes ]

Credit: White Rabbit for Time Transfer, Erik van der Bij at TIPP’14
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’ KM3NeT-Europe Hybrid Asymmetric WR network

Submarine Infrastructure Shore station DAQ network

x 18

LAG ;
) SC + DOA
Sector i 10 GbE

Front End
DAQ+SC | GbE std switch
TriDAS:
- Optical / Acoustic
data Managing &
DOA Filtering
10 GbE ) )
| 2 Monitoring
4 )
| @ Storage
Strlng WR-PTP + SC | GbE
\- / e,c(\\ Star center
((\((\ WR-PTP + SC |0GbE
P‘s\\ | GoE switch fabric
To all
DOMs WR-PTP + SC | GbE | |£%) WR Master
and x1 sC
| GbE
Bases sc
........ 282 WR GM -
Igll?’lﬁz: - N:TP =
"""" GPS/NTP server |
X1
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Data throughputs

o T - | Expected Conservative Maximum
‘—; . .\ T@th (Vsingle= 50 kHz) (Vsinglez 70 kHz) (Vsingle= 150 kHz)
If ERRY 1 10" PMT (0.25 p.e thresh.) (Mbps) 19.0 26.0 56.0
= | @8 "v Floor (6 PMT/Floor) (Mbps) 110.0 160.0 330.0
: . . S
58S Time Std Tower (14 Floors) (Mbps) 1600.0 2200.0 4700.0
NEMO Phase 2 (8 Floors— 4 PMT/Floor) (Gbps) 0.6 0.8 1.8
pulse waveform sampled
Full Detector (8 Std Towers) (Gbps) 12.0 17.0 37.0
Mean Size of hit: 50 B
~_ Expected Conservative  |Maximum
btmmgs (Vsingle= 6 KH2) [(Vsingle= 15 kH2) | (Vsingle = 65 kHz)
[ 4 3" PMT (0.25 p.e. thresh.) (Mbps) 0.3 0.8 3.3
3 | (DOM (31 PMT) (Mbps) 9.3 23.0 100.0
a String (18 DOM) (Mbps) 170.0 420.0 1800.0
- 7 N .
Z | [ ToT,; Phase 1,It (24 strings) (Gbps) 4.0 10.0 44.0
W ' [Phase 1,Fr (7 strings) (Gbps) 1.2 2.9 13.0
Block (115 strings) (Gbps) 19.0 48.0 210.0
Fixed size of hit:6 B [/ 0~ 930 strings) (Gbps) 38. 96. 420.0

Note: data throughput from the acoustic positioning system can be of the same order of magnitude.

Technical solution: use = 10 GbE networking infrastructure.
But that’s not all...
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TimeSlice concept

@ ® [ime-slicing performed off-shore by DOMs: a DOM is a nhode of a LAN which

< ATS: O(100 ms) >

DOM 1

DOM |

DOM k

DOMN

T |
Frame i

f- and on-shore

=

extends both

Frame i+1 Frame ...

ATmuon: O(1 ps)

Frame i+1

ATS >> ATu

Probability of a muon
crossing 2TS < 107

Frame i+1

———— ——
Frame i+1 Frame ... Frame n

A DOM frame contains all data from its
31 PMTs occurring in a TS

on shore: the whole TS gathered and
processed by one Filtering process

Tommaso Chiarusi - INFN Sezione Bologna 37 Aperttivi Scientifici Sezione di Bologna 22/01/2016

Tuesday, January 26, 2016



Trigger algorithms

=

Trigger levels:
Level O : all hits before further classifications
Level 1 : find the seeds of simple local coincidences within close PMTs

Level 2 : find combinations of Level 1 seeds and (occasionally) complementary LO hits

. Simple
Motivation TO.IEI:IO‘EfaI Causality S'llle Scearn Tracking A\S;zlct-is \:i;tli)i(a/
88 Trigger 88 4

muon v v v v v v
cascades v v v v v
slowly moving v, v, v, v, v,

particles
sources v v v v

B. Bakker Thesis, Trigger studies for the Antares and KM3NeT neutrino telescopes, Nikhef 2011

When adding further trigger algos, the processing of a Timeslice gets more time consuming:
ADD MORE FILTERING PROCESSES AS IT IS NECESSARY ( Granny recipe!)
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| ' LAN segments for the two Systems

i i P X wea}—
Strings | o
o | ] — Reciprocal
xt — “Fa/Monitoring
iy il trigeger calls
oW ; 88
| L | |, Combining alerts at higher level.
12 oDF - . xi Tower and Strings as
“8[,DF X subdetectors of a whole.
. | = " &= Storage
¢ MA '\.f - ' : <1
: e
e JLigier A
(i DFES network: | GbE SFP . wolrked 10 10 GBE &5FP+ %0 OF x1
) = R {} i- --------------------------------- ; Router The lnternet)
DHCP 6 T i\ _VPN <
. Y = - . - 1IOWEr'S:
- | I [
x1 |Monitoring Bastion Host | x1 x1| TSV x1 | TSC/GUI x1| STORAGE |
P dp db  J— |_cof seny o
Note: the Offshore detector is i = s B
DHCP x1|EM—H—
part of one LAN segment
FLTERED DATA
W1 TCPU —( '
. ream 1
Note: the towers data are " 8 [ e
managed by the FCMServers e teen) : v 2 o

|Den 548207 | [Denz9000 | |MP JG3124 |

before entering the TriDAS LAN
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| ’ Deployment of the first string at the KM3NeT-IT site

Position of
first string

Sicily

yPortopalo di Capo Passero (SR)

< KM3NeT-IT
& (3500m deep)
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*Smooth operations
*All PMTs alive

edata taking started immedeately
after the deployment
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’ Summary and outlook

Astrophysics with high energy neutrinos is an extremely interesting and still challenging
research field

The KM3NeT neutrino telescope has entered its first construction phase:
* Results from prototypes and first string very encouraging

 ARCA & ORCA to follow in 2016-20, sensitivity complementary to lceCube

* Priority science goals:
* All-flavour neutrino astronomy
* Measurement of the neutrino mass hierarchy

Exciting physics prospects
Investigate the neutrino sky with unprecedented resolution and sky coverage
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Thank you !
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Giustification of the Power Law with exponent = -2

e O( Vshockl)
¢ P E In(1-Pesc
- In( n ) In( ") n( )
B B E,\—tr—r
o n — esc — 0 P — P (_n) In(1+e€)
En= E0(1 +€), In(1-Pesc) In(1+€) - = Eo

Pn - Pesc(1 —Pesc)n

-
-
-
-
-
PR
-

-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

In(1-Pesc)
« Bl (En) In(T+e
dN _ Npi1-Np_1 - No P = Ny Eo = <
dE Ep.1-E n+1_ n Epe .- In(1-Pesc)
n+1~En Eo(1+€) Eo(1+€) nf _________ & B Ind+e
_*"assuming
" Pesc and g <<1
v
(—Pesc) Pesc
Z_g KE—1+ € =KE—1— € w7

hypotesys on the biatomic molecula (such as for Hz2):  (Pesc/€) ~ 1

dN _ ..
E"KE
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! (Astro)Physics case: neutrino flux connections with gamma and CR
d

king into account the long path neutrino oscillation, on Earth we expect to see
TVe: TVy: 1Vr

Hadronic Model implies a neutrino-gamma connection.
mv,:ny
where m and n can be tuned upon specific assupmtion, source by source.
This means that astrophysical neutrino fluxes can be estimated via the gamma measurements at

given sources.

The not-breaking Feynman’s scalying implies Gine = O(p// / Pprog)
— V flux does not breake the progenitor's energy dependence.
This means that for shock accelerated CR, the corresponding neutrino flux has the same power

low dependence (~E?).

RX J1713-3946 expectations: 2%~ 1.810® (£} [Gev-" em2s7"]

Extragalactic V sources can be extremely far for resolving them
— diffuse neutrino flux is expected on Earth.
— the neutrino - CR (energy density) connection: Wy = WcR

Waxman-Bachall reference flux: 52~ 9.0 10° (Gev) [GeV~"em s sr7"]
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’ Hadronic and Leptonic models

radio infrared visible light X-rays  VHE y-rays
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’ Hadronic and Leptonic models

radio  infrared visible light X-rays  VHE y-rays
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’ Hadronic and Leptonic models

radio  infrared visible light X-rays  VHE y-rays
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’ Hadronic and Leptonic models

radio  infrared visible light X-rays  VHE y-rays

dN,
B1 | dE.
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’ Hadronic and Leptonic models

radio  infrared visible light X-rays  VHE y-rays

dN
dE

C

B .
TEe¢ c
S
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’ Hadronic and Leptonic models

radio  infrared visible light X-rays  VHE y-rays

Matter
Density

Cosmic
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Detection sighatures and Figures of Merit
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ANTARES demistifies IceCube GC sources

10°
-0 2.0 - 2.1
-0 =22 10‘4 -® ~4=23
; -® =24 e =25
et B ) E e T —— 4 —_
-|- e R e----" . — T — e 4
hm =S ey - ‘\”: P - -
.|l~ "”,.- .IN 10-5 '. oy
S 10°F : kS
": - sy e i x ': [ el
O e S S O] s I—
g =20%F T
: 102 1 : /,,0’
- —===v a Sex I
'f.a' e i ° ’9‘ gror———afis s 4
ILL‘]IO'a;,«”'.-—' K 107 —ﬂ’*_,__fo--“ 1
g
PRELIMINARY g PRELIMINARY
-9 N 2 : X 2 -8 : L N 2 N
107 7 2 3 4 5 6 7 1077 2 3 4 5 6 7
Number of HESE from the same point-like source Number of HESE from the same point-like source

Figure 4: Solid lines: 90% C.L. upper limits for source spectra between 2.0 and 2.5 and a source declination
of 6 = -29°. The figure on the left contains the values for y = 2.0, 2.2, and 2.4, whereas the figure on the
right contains the ones for ¥ = 2.1, 2.3 and 2.5. Dashed lines: expected flux normalisation of the proposed
source as a function of the number of HESE events coming from this source. Values above the solid lines

are disfavoured with a confidence level larger than 90%.
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Effective Areas

é = — V),
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WR infrastructure in the Shore Station

GPS or higher _ ;
s . b network level | |
Prelimilary Design Phase 1. T [T
Level 3
1 SC A to 360 DOMs M u ) | (<1 WRS)
TWRS 73
TWRS 7
Network
Transparent WRS 73 Transparent WRS 77 Level 2
i (x5 WRS)
High Performance e
Switch for Km3net \j ) /A
servers (stored N
data)
Network
T nt WRS 72 Level 1
T{anseranm W1Bs 1 T{am?rannt V!I'RS 2 e »l"“‘PT‘" » | lx72 wrs)
- TAWI TAoous AWTAMI T;\x“ '\mmT’\mnI T)\m# I
- - Subacuatic network . W |
NQ SISERICII S SIS
// s 3 / s \ P N /'S N 58 /—S \ Network
M (DOM 72 DOM 73 ..+ IDOM 144 cse DOM 239 . ([Dom 360 Level 0
3 " J 0/ ( %360 DOMs
O Y SR\ _ - ~—" - . EN
1 downstream OF - 4 DUs OF 2 Solutions

The “broadcast” channel (from on shore to offshore) implies an asymetry for
DOM send/return. Since WRPTP uses Ethernet, there has been a deep
customization of VR swtich at softwarge and gateware level
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KM3NeT-Full Phase | Network desi

gn

g X1\ mps ——
o x1|scs |—m —
o LNS
§ x18 DFES (IGbE - BaseT)
E X1| scsF
QOLAM 0 .
x1 —16 Monitoring [
JLigier B
0 x1
x| (EveTslSum) v
8
Router
FILTERED DATA = ion —
(10 GbE 4SFP+to QSFP) Bastion VPN
x1
*72| oDF ;
*8aDF A
v N
9— Storage —
MANAGED DATA X1 /\
(10 GbE 4 x SFP+ to QSFP)
A Ghe Interne}
RAW DATA — Ligier A
Hybrid Network: # (I.:lSM/égger/TOA)
- full WRS network for DU-bases | GbE SFP
DUS X244 -DFES network,: | GbE SFP, uplinked to 10 GbE 4xSFP+ to QSFP x1
(Offshore detector)
X2 CU Y,
Cu
X2 IPMI CTRL
(IGbE - BaseT) wh= wlm (IGDbE - BaseT)

KM3NeT - DAQ/Readout Working Group
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' KM3NeT-Italy : TriDAS Network Layout in Portopalo

Router — The Internet)
VPN T~

‘ LNS
; (1GbE - Base T),

' I I | ! '
x1 |Monitoring Bastion Host | x7 x1| TSV x1 1 TSC/GUI x1 | STORAGE

I CTRL
PMI
Ch) Cl:b Cl:b CI:P I (IGEE - Base Ty | o o

L
;
I b 1
:
:
.
:
:
:
:
:
.~ :
.
:
:
:
:

DHCP

FILTERED DATA
(10 GbE SFP+ to QSFP)

same physical layer

[ """"""""" 17| two logical LANs

x31

MANAGED DATA
(10 GbE 4xSFP+ to QSFP)

Xx16 HM

RAW DATA U

(10 GbE BaseT) X2 x1 x4
I Dell S4820T Dell Z9000 HP JG312A

X32| FCMServer
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ARCAO00I Network implementation

Storage & IP: 172.16.65.59)
Moni . s O LNS (172.16.65.0/16)
onitoring (1GbE - Base T)
(IP: 192.168.10.2)

x1 | MPS (48 port Edge Core)

x1 | DFES + SCSF (DELL N4032F)

STORED DATA(192.168.10.0/24)
|0 GbE SFP+

x1

Switch Management ports

Router
Bastion | VPN

X3 |WRS (Bridge, Broadcast, Lev 1)
(IP: 192.168.0.19-21)

(IP:192.168.10.1) (+ IPMI/CTRL DHCP)
DAQ server 3 2
(DQ, a+oDF.DW, JLigier B, QOLAM) [(IP: 192.168.0.110) = 3
O .
I (IP: 10.0.0.10) = N
o .
= a
RAW DATA (10.0.0.0/8) o /\
Hybrid Network:
- full WRS network for DU-bases | GbE SFP
Ghe Inte rne}
-DFES + SCSF network,: | GbE SFP, uplinked to 10 GbE 4xSFP+ to QSFP
(IP: 10.0.1.1xx)
(Offshore detector)
(IP: 10.0.1.201)
CU server
(CU, string DHCP, JLigierA) [( 192:168.0.120)
IPMI CTRL
(IGbE - BaseT) (IGbE - BaseT)
(192.168.0.0/24) =
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' 7] - : - [ [ [ : [ - 7] e : e 7]
operations requirements
Building of problems by pens
Strategy stage Purposes Context m:l ;)tI:Q Impact on DAQ infrastructure | DAQ design Feasibility
implementatio
C lated bundles, correlation
orre.’: © offline | VHE/UHE events | of absolute none none none none for free
events diffuse flux time
Correlated : sgmented events, ex'FernaI rate of fqllow-up, shared TriDAS ,
DAQ offline (any events) trigger none managing of switch fabric none medium
(follow-up); dedicated buffers
Tower 2 " . shared TriDAS
Integrated : standard String computing power a switching and
DAQ online any triggers conversion aggregation stages computing none complex
(HMs)
on HMs resources
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Trigger Levels

] Al the time- sorted hItS of aTS
[ ] l [ T W [ ]

! | \ \ .
| \ | . \ \ time
| \ \

[ ] IZ ] | |
L1 event duratlon
(6us)

¢/ Most of the algorithms reported here are currently working in ANTARES
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Simple Coincidences
AT <10 ns

large ToT hit
~Q > Qu

Sampling Window AT

n =n. involved PMTs

| = : ' | — ]
,}J Yout = 5. (n) k(1 & p)n—k’ p= g e—AT Yokg
|

= k = minimum searched hits within AT
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The
Da

_ _ RO

v L2 - T-trigger: clusters of

|
trigger Is set when the n. of consecutive 1, or 13

rs 1s = N within a certain time-window AT
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}’ L2 - Si mple causglit A

— _—

1. A minimum n. of consecutive L1s = N within a
AT (at least nputs = 5)

—>

S
X,‘—Xj

IA

2. 3D-causality filter : ti — tj

O I3

3. The trigger is set if the n. of satisfying hits is = N’
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1. A minimum n. of consecutive L1s = N within a
AT (at least npmts = 5)

2. A homogeneous sky survey is done — “rotation”
brocedure: [/l z

(ti-tj)c-(zi-7) | < tanfe [(xi- x; )24("yi-y,- )*] = tanf. | R;; |

3. The trigger is set if the n. of satisfying hits is = N’
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L2 Source tracking trigger _

E N S
. . 180 : .
g - s e o
~ ; 1 7/
& 150 s .
= : ,C/ Source declination:
* rF
120 ; _ /A?U 7 A * +90° &  North Celestial Pole
_ . Q /AD/ o/ O A T 47: 12l @' 90“ >\KM3
- DA\’S»AE—A?'\CAC‘//A A {/(/ B 4248 & A
90 T n . R SNy e +23°26' < Sun, summer solstice
o < \o\o:%:%//o/ ¥ 0° & Celestial Equator
60 | § o 23°26" < Sun, winter solstice
’ - /0' O - 29° & Galactic Centre
s B g™ A —47°12 & Az —90°
: ke 90° & South Celestial Pole
0 1 L A L L L L L
0 30 60 90 120 150 180 210 240 270 300 330 360
Os .(‘h:g]

1. From GPS time of timeslice = source direction

2. L1 preselected events with even one seed are accepted.

3. All hits of each event are tested with the “rotation” procedure (road-width R
restriction w.r.t. direction)

4. A cluster is formed when found Nmin consecutive hits, L1 seed included.

5. If time=-overlap among clusters — clusters are merged into one only bigger cluster.

6. Small clusters are treated with a quick reconstruction (to avoid accidental clustering
of bkg)

/. The trigger is set if PMT surface density (w.r.t. the convex hull L direction) > O
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L2 - Vertex splitting e*

}i

1. Subdividing all the event hits in 2 time splitted groups
2. Vertexes reconstruction and vertex position discrimination

3. “Inertia” tensor eigenvalues ratio
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1=1 inspired by IceCube

Tuesday, January 26, 2016



The KM3NeT Europe - Trigger and Data Acquisition System (TriDAS)
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KM3NeT Italy - The TriDAS for optical data management

l External steering \

Data from off-shore
(through optical fibers)
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| edshift ~1. 00 SuperAGILE, FERMI, SWIFL, GG RB alert system within the

INTEGRAL MAXI/GSC. |
Suzaku, KonuswWind, HETE 2 UL (Sl liB s Lol
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> | GRB / 2 days

L t=-250s

http://grb.sonoma.edu/
FR=gs %:lb”sdtellite
L requested at least
Gen 20s of buffered data
-t=20s [a/ert T G RB trlgge r .............. . 4

... Buffering in the DataFilter .

... offline stack-analysis
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