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MEMPHYS: Underground LLaboratory and Detector

-m-@m

Modane, France

underground water Cherenkov at Frejus (Alps), Modane, France e TP '

total fiducial mass: up to 400 kton: 3 x 60mX65 modules
size limited by light attenuation length (A~80m) and pressure on PMTs
readout: ~3 x 81k 12" PMTs, 30% cover (# PEs = 40%cover with 20" PMTS)

PMT R&D + detailed study on excavation existing & ongoing

MEMPHYS MM&_“
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TR il arxiv: hep-ex/0607026

Draft version..

e tigdonuin® A, e —— Contacts: J.E. Campagne and M. Mezzetto

2™ LSM é;(tension workshop - 16* Oct 2009.
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MEMPHYS physics goals

Proton decay sensitivity:
o Up to 10°°yrs in 10y from the "golden™ channel: p — e* T°
o Upto 2x10%4yrs in 10y from p — K* + anti-v

SuperNova core collapse:
o huge statistics from galactic SN => spectral analysis in E,t, flavour -> access SN
collapse mechanism / neutrino oscillation parameters
e Sensitivity up to ~1 Mpc
o possibility of early SN trigger (from event coincidence) up to ~5 Mpc

SuperNova relic neutrinos:
o Observable in few years with significant statistics, according to most of existing
models
« direct measurement of v emission parameters possible

and, of course... NEUTRINO BEAMS ! (watch next talk from Andrea LLonghin)
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R&D towards MEMPHYS : PMm2
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Latest News & detailed description
ofthe R&D: read J.E Campagne‘s
Talk at NNNO9

|. studies on 12" PMTs design Il. PArISROC readout chip

parameter correlation
potting
pressure resistance

“Innovative electronics for array of photodetectors used in
High Energy Physics and Astropatrticles”.

R&D program funded by French national agencyforresearch
(LAL, IPNO, LAPP andPhetenis) (2007-2010)

Basic concept: very large photodetection surface —

macropixels of PMTs connected to an autonomous front-
end electronics.

Replace large PMTs (20”) by groups of 16 smaller ones (12", 8”)
with central ASIC .
* Independent channels
» charge and time measurement
« water-tight, common High Voltage
* Only one wire out (DATA + VCC)

- complete front-end chip

with 16 channels
- testboard now in layout,

(collaboration with BNL since NNNO7) soon available
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R&D towards MEMPHYS: MEMPHYNO

Goals;

full test of electronics and acquisition chain with actual physics events
trigger threshold studies

self-trigger mode Testbench for
track reconstruction performances photodetection

d dobina: feasibili d ” , , : solutions for large
Gd doping: feasibility and performance (if studies still needed...) T ——

-> |latest news on MEMPHYNO prototype
read M. Marafini’s talk from the 2nd LSM-
EXTENSION WORKSHOP
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MEMPHYS: MC Present Status

> Event Generator:
. for v beam, v Atmospheric & Proton Decay

> MEMPHYS Simulation (M. Fechner, J.E. Campagne, N. Vassilopoulos) :

* Interface with the framework (G. Barrand/LAL)
provided using including
(also HDF5, XML)

« Interactive Viewing, Batch processing, AIDA_ROOT analysis

* event info from MC, primary + non-Optical photons track infos, track
selection, modular detector geometry, etc. ntuples’ storage

* e.g. hits: each PM maintain a list of arrival time of optical photons detected
> Analyses

« Solo with :
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HEPVis/SoPage
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Only detecﬁed op.____‘]g_h___otons
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Interactive
histogram to identify
the e Michel optical

photons...
transparency by J. E. Campagne

MEMPHYS v/

e
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v atmospheric (1-10GeV)

Meutrino energy (GeV) 3 Mumber of PMs per event

Number of p.e per event
Log10(Fraction of PMs with >300p.e)

transparency byJ. E. Campagne MEMPHYS v7.
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File MEMPHYS Geant4 Camera Scene Page Plotter Analysis Help

R Waiar Criarankov: Evearni mdelalsiigie3ife])

Tree actions PhysicalVolumes Viewer_1

MEMPHYS GUI

Motion X Motion Y

G4hugerData for Element no. are loaded
G4hugerData for Element no. are loaded
G4AugerData for Element no. are loaded
RABunarNata for Rlament i are loadad

-
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Attenuation length studies

correct modelling of light propagation

MEMPHYSsim: OP Attenuation

c
S
h—r

©

3

3
=

©

-
=
-

—
<
N

1 ST | | 1 I 1 | | L1 L1 | L e R L L | 1l 1 | )

300 350 400 450 500 550 600
OP wavelength nm

attenuation length in water as a function of the wavelength in
the Gean4 simulation
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MEMPHYS Single ring studies, electrons

single e- events from 1 to 25 MeV: PMTs and PE infos

MEMPHYS: PMTs MEMPHYS: PE/MeV/e
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10 15 20 25 10 15 20 25
electron energy electron energy

Number of PMTs with at least one photoelectron Number of detected photoelectrons per
as a function of electron energy MeV as a function of electron energy
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Single rings: electrons primary vertex fit

> pickup a 400 MeV electron, assume pointlike track length

> primary vertexfitbased onlyon each PMT’stiminginfo: t. oy =t + TOF,=>t=t oy — TOF;,
where TOF;=(n/c) x D, D = distance between eachPMT and grid’s coordinates

> maximize estimatorE a la SK' to find the true vertex of electron :

MEMPHYS: ti of the electron vertex

[} Ta0
400 ean i 400

e- vertex

Eﬁlll &l &0 -4l

MEMPHYS: ti of all fitted points
w10

4000 5000
distance from vertex jcm)
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single rings: particle direction, outer ring edge

keep the 400 MeV e-
calculate roughly the direction:

eedge
Q eedge > epeak

. d2PE()/d2(6) =0

80 a0
theta (degrees)

GDRO09/Strasbourg-N.V. theta (degrees) 13



- Simulation Studies for the small scale Prototype

MEMPHYNO

ssandra Tonazzo, Nikos Vassilopoulos / APC-PARIS

MEMPHYS:

Ale.

- [eStS with radioactive sources (monoenergetic, point-like) and cosmic muons
(direction selected with hodoscope) on surface

> measure background level @ underground site

- MEMPHY'S simulation & visualization code

> 4x4 12In PMTs = ~35% coverage (forone side )

MEMPHYS GUI Tor
MEMPHYNO and
detected optical

photons

electron 1L0'MeV, pz /  VIX © centre

p = -1

GDRO09/Strasbourg-N.V.
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MEMPHYS: MEMPHYNQO e-, y- studies

# of PMTs per electron PEs per PMT OPs’ arrival times

MEMFPHYNO: e- 20MeV MEMPHYNO: - 20MeV prs per_prel 26 MEMPHYNO: &- 20MeV

10’
e- 20MeV
10*
i il | E il
a 2 4 [ & 10 12 14 18 18 20 a9 10 20 30 40 S0 &0 TO A0 80 100 2 28 3 38 40 48 50
# of PMTS per event a- 20Me¥ # of PEs per PMT e 20Mel OPs times {nsec) e« 20MeV
- 1GeV
' --”
muons generated over the
) " 1w detector’s surface with pz/ p = -1
o 10°
10
1 1

& 10 12 14 18 1B 20 0 200 400 €00 800 10001200 1400 1800 1800 2000 _ 5 10 18 20 28 30 35 40 48 S0
# of PMTS per event mu- 1GeY # of PEs per PMT mu- 1GeV OPs times (nsec) mu- 1Ge¥

e-E (MeV) 1 2.5 5 10 15 20 25
10k per energy electrons generated
PEs / MeV./ el 0.2 1.1 15 1.7 1.8 1.8 18 at the detector’s centre with random
direction
X 6 (sides) 1.2 6.6 9 10.2 10.8 10.8 10.8
MEMPHYS 2 7.7 10 10.9 11.1 11.2 11.1

Table: MEMPHYNO’s PEs per MeV per electron
GDRO09/Strasbourg-N.V. 15



MEMPHYNO
electrons 10 MeV : vertex finding

primary vertex fit based only on each PMT’s timinginfo: t, oy =t + TOF,=>t =t o\ — TOF;
, Where TOF;=(n/c) x D, D = distance betweeneach PMT and grid’s coordinates
maximize estimator E a la SK to find the true vertex of electron :

[MEMPHYNO: e- 10MeV d_fit-d_vix | [MEMPHYNO: e- 10MeV x_fit-x_vtx |
1

/

direction
solid up to 45°around == ~~ .
dashed up to 25° around| ! best fit

astimator value

estimator for all grid points vs
distance from true vertex

electronsgenerated at the detector’scentre

=
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distance between fitted and true vertex points (cm) x_fiit - m_warbex_true jomi]

[MEMPHYNO: 8- 10MeV y_fit-y_vix | ¥_TE_y_ Wi

Endries 523
Mean D182

A 3.262 for the primary fit :

direction ] Cuean G . gridanalysis (5cm spacing)in MEMPHYNO

L niiegral 523
i 0 _ . .
solid ~ up to 45around best fit . good resolution for downwards electrons in

x-y plane where is the PMTs’ module
(shown)
resolution becomes worse as pz/p

increases due toone PMTs’ module:
best for perpendicular electrons

g
=y
(1)
Q
c
©°
—
o
N
a
o
)
=
o
c
>
o
{

2
u_IIII|

PP I L L L
40 &0 i 108
y_fit - y_werbex_true {omi)
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MEMPHYNO
muons 1 GeV.

light propagation effect of OPSs :

check correlation of PMT time with distance between muon’s exit
pointand detection PMT’s coordinates

[ MEMPHNO:ube distance to exit v tmeccente | RS [ MEMPEMO e distance to exit vs time:migdle | o= m
Enines FTE] Enincs 14765

Mamnz E1T3
Mamny S0
mMSz DAz

E pZ/p -1 ans o E pZ/p -1 mMSz 1R

Mamnx EE513
Mamny EE42

muMSy 80

entry/exit: centre - §: entry/exit: middle

entry/exit: edges

f ]

g

AT PR P FEET FEETE P ATETl Feewl FETr e L L
nl‘.l § 10 16 20 26 30 36 40 48 S50 5 10 16 20 26 50 35 40 48 50 ]
0P detection time [nsec) at PMT

10 16 20 26 350 36 40 48 50
0P detection time [nsec) at PMT

0P detection time [nsec) at PMT

|HEIIP‘II‘I'NCI:thn-dI|.urbcn b exil vs Eime:diagonal | . e

Enines 1848
Masnzx 1083
Mamny 133
RME x 1

pZ/:p<.0 . FLMIS -]
LA ."_-

» pz/lp =-1:later produced OPs are detected first
» pz/p<0 :relation notclean

diagonal
trajectory

10 18 20 28 30 35 40 45 S50
0P detection time (nsec) at PMT
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MEMPHYS Simulation

Always on going

next steps:
vertex fit considering the track’s length
ring separation

particle identification

THANKS

GDRO09/Strasbourg-N.V.
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MEMPHYS Single ring studies, electrons

single e- events from 1 to 25 MeV: PEs per PMT

NV o 2 800V | 2 e o M EMPHYS; o S8sV
1

(.

Ja._._..L _&.. L { s Lo baoal
! 1 12 1‘ 1 1 2 4 I ! !ﬂ !2 Il 18 B =
# of ops per tube per event

|| generated at thégentre hLlﬂ nerated
:'_]"‘ : m’_'—l"'x‘e“‘fz*n"fi""‘i‘e"‘"‘i .

I i 1 1 H H
N B T P 2 4 & 8 RN S S R I 8 2 4 B @ 1@ 12 1% 168 18 =
# of ops per wbe per event # of ops per tube per event # ol PEs per tube per evenl # of PEs per lube pereven

Enries 25574
Mean 1.008
£

Underfiow
Overtiow

2 4 6 8 10 12 14 16 2 zlsumuuuuz 0 S A A I I I S I E
o 2 4 & @& 10 iz 14 18 18 20 R R R T R I
# of ops per wbe per event #ofops per tube per event ¥ of s e uihe per cvert ot s et per e

Distribution of the number of PEs in each PMT for electrons
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MEMPHYS: Proton Decay, p > e 2

> searchfor p — et 7% (3 showering event),
efficiency ~ 43%

> predictions: 7,~103%-10°° yrs BGSR 2 Eﬁwm‘ﬂf
> bdg:

> 1,>1.6x10%3yrs by SK

> 15> 1.6x10%°yrs at 90% CL for SMt.yr

by MEMPHYS

Hfl‘-3£4 xeff

| off=1/2 x off
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MEMPHYS coverage 30% with 12°PMTs is equivalent ﬂmyr 5.0 x 10% .m

to coverage 40% with 20"PMTs in terms of #PE.
MEMPHYS relies on the study by UNO, adapting the

results 1|:|2 1u3 1u4 1|:|5

Exposure (kton year)

H->0is best for this channel

GDRO09/Strasbourg-N.V.
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MEMPHYS: Proton Decay, p — K

> searchforp - K  (K* below
cherenkov threshold so the channel is

detected via the decay products of K* ) 'HvK; sensimiﬂw (90%; cL)

K— uv, monoenergetic u+ 6.3 MeV
prompt-y from capture

comblined |
senaltivity:
current limit

79.3ktyr}
~HEX Ty

y

&
&
2
@
E
el
2
3
[
=
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o

> predictions: t,~3x1023-3x104 yrs
> 1> 2.3x10%%yrs by SK
> 1~ 2x103%rs for SMt.yr by MEMPHYS Exposure (kton year)

@as good as LAr, Lsint
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MEMPHYS: SN v in water Cerenkov detectors

SN neutrines

o o

=

® Inverse-beta (89%) } '
Vet p—e +n Y puaneree:
O Large statistics in detectors with Iot's;—_:_of free p
0 Good determination of » time and energy
O Option: add Gd to tag neutron from delayed-y [see talk by Vaging]

® Elastic scattering (~3%)

) v =) ~
Veurt € —> Veurté

o0 Pointing o ~25"/+/i

® NC on Oxygen (8%)
V,+O—>X+e

fHOYy06 1G/08/0E A Tonazzo - MEMPHYSSHBHERESIIEt BTk sics

GDRO09/Strasbourg-N.V.



MEMPHYS: SN and Gﬁinformation

SN neutrin
- @ Neutronization burst =V,

0 E~105' erg t~25 ms or
: ; = Propagation to Earth:
® Accretion + K-H cooling=v, ,, ., Veuz ® N?atstJer effects P..(045)
= 3 ee
: 59 ;60:; ::ts: - 108 ® Level-crossing probability
plosion energy -' PH(E V(X t) AmM2.6 1 3)

@ Survival prob. p= P_.*Py

W,

Ve—

103

Scenarin Hierarchy sin? ¥1a p p iy
A Normal 2 1072 () cos? Vs
B Inverted > 1073 sin? 070y 0

Any & 10-5 sinz?'f.‘;;. cos2 o)

. Hlerarchy of interaction strength =
: Folre) = 1012 MeV g '
Ey(7,) ~ 1316 MeV|
: ‘ 25 MeV
ATonazzo - MEMPHYS: non-oscilation physics
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MEMPHYS: SN neutronization burst

' ‘ SN spectral a

® Neutronization burst

Signal: v,+e —v,+e

-—- v+e (B -
ute (A) -

Bkg: _

‘mainly ve+p—>e +n

rejected by angle and E cuts + Gd n-tag
ES of other v flavours

~
o

events per bin
()

Observation of time peak
depends on oscillation scenario
Seenario Hierarchy sin? 13 P P

A Normal > 10 50 cos?ds
B Inverted > 102 sin® ¢4 0

C Any <1075 sin? 95 cos? g

» Burst / no-burst = break degeneracy A/C if 8,5 unknown
. Measurement of SN distance D~1/N'2 @10kpc within 5%

-_.,’

NOWOD6 15/09/06 ATonazzo - MEMPHYS: non-oscilation physics
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MEMPHYS: SN shockwave information

® Learning about the shock wave

Crossing of resonances can Shock-wave effects on survival ‘

induce time-dependent matter probabilities (P,;) depend on 6,;. |

effects in neutrino oscillations

A Tonazzo - MEMPHYSI

GDRO09/Strasbourg-N.V.
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2km WC Geometry.
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10% de y € 1% de y € 0.1% de y €
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