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Cross-calibration of air-Cherenkov and radio
measurements of the same air showers

24/7 operation possible due to trigger by
new scintillator extension Tunka-Grande

Take home message

Both have similar energy precision: ~ 15%

Radio Detection of Air Showers in Siberia

The Tunka Radio Extension
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Frank G. Schroder for the Tunka-Rex Collaboration
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norm. radio amplitude

Tunka-Rex

= Cost-effective antenna array
at Tunka experiment for
cosmic rays in Siberia

= Cross-calibration of Radio
and air-Cherenkov signal
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‘ m Megaton scale Water Cherenkov detector
5‘ WSESB  x25 larger fiducial volume than Super-K.
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.§ " — 50 A proposed Water Cherenkov Near Detector
LR — 30 Main features:
b 3 3 ¢ FR—T - 2km from the neutrino beam source to match the far
Integrated beam power [MW 107 sec] detector flux.
Leptonic CP violation can be established at 30 - Identical target nucleus and detector technologies as
(50) for 76% (58%) of dcp space. the far detector to maximise the cancelation of
New near detectors are needed to maximise systematic uncertainties. -
physics potential of the T2HK beam - Neutron tagging by capture on Gadolinium.
programme. + Magnetised Muon Range detector for sign selection

and measure escaping muons.
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STErile Reactor nEutrino Oscillation

CEA - Saclay

= Sensibility cover 99% of the C.L. contour of the RA

= [0=10.0m

* Thresold: E;omp>2 MeV | Ejepyeq>5 MeV

= Efficiency 60% | AEscale=2% | FoM =1.2 | S/B=1.5

Search for sterile neutrinos at the ILL
Reactor (inverse beta decay method)

= All syst. of predicted spectra
= Norm: 3.7% absolute | 1.7% relative between cells
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Ultra-Sensitive -Ray Spectroscopy Set-Up for Investigating Primordial Lithium Problem

G. Gervino for LUNA Collaboration
Dipartimento di Fisica, Universita di Torino and INFN Torino

To precisely determine BBN 6Li production, the cross section of the nuclear reaction
2H(a,y)®LI must be directly measured within the astrophysical energy range of
30 - 400 keV. This measurement requires an ultra-low -ray background. We have

realized these conditions at LUNA, in the INFN Gran Sasso National Laboratory (LNGS),
Italy.

borated polyethylene

acnyic glass

Experimental setup, as seen from the side. |
The central chamber of the windowless gas
target is seen near the center of the plot




Mostly of the remaining y-ray background seen in the spectra are coming from the
energetic deuterons scattered in the gas target by the beam. Thanks to the low neutron
environmental background at LUNA, the effect of this weak flux of 2-3 MeV neutrons on
HpGe detectors has been studied in details and the results are presented and discussed.
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background

Spectra taken with the HpGe (130% efficency). Blue line: in-beam spectrum at

E = 400 keV, pTarget= 0.3 mbar, laboratory background subtracted. The quantity
plotted is the counting rate. Black line: Laboratory background. The most important
In-beam lines due to (n,n') and (n,y) processes on structural and shielding materials are
marked with arrows, and the relevant target nuclide is given, as well as the gamma-ray
energy in keV.



Andrea Conte*, Martina De Laurentis®, Luca Naticchioni*,
Paola Puppo* on behalf of POLIS collaboration**
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Project to realize a completely suspended low frequency independent
ponderomotive squeezerin the low frequency range
moving from the pioneers’ work made in the LIGO laboratory atthe MIT

[Corbittetal. Phys.Rev.A 73(2Feb.2006),p.023801]

andad

taking the advantage of the available Virgo
Super Attenuator Facility at EGO, SAFE =~ =3 = |

to control the main noises | G ;
source in the low frequencies range

VQ'

Suspended optical bench
in place ofthe Virgo
suspended mirror
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Ponderomotive Squeezing:

. . . gN 10
large squeezing values without use high laser power =
and/or very high 9avity finesse 210
requires £
very small suspended mirrors mass § 10
very critical point is the mass suspension, 10

suspension and coating thermal noise

.

higher chance of success:

A relative large mass
allows us to use the available
well consolidate technologies of Virgo -
to control the low frequency noise

Low value of mass High value of
mass

® Large optical
Spring resonance * ease of construction;
(frequency independent * ease to sense and actuate
squeezing Band) motion;

e use commercial size
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Maximum equivalent interferometer noise
on the differential mode in order at least
to reach the non-squeezed noise level.

In case of 7 db of squeezing

(taken as realistic value due to

losses) the interferometer sensitivity limit
is 10 **ml/sqrt(Hz) @ 10 Hz and

10 Y m/sqrt(Hz)@100 Hz.

These requirements can be fulfilled

by careful design of the interferometer.

Thermal noise
reduction



The Large Synoptic Survey Telescope m—

Corner Raft Readout Electronics Bl
LSST in a Nutshell 3.2 Gpix
e The telescope will be located in northern Chile. 7 & camera

e The LSST is an integrated survey system designed
to conduct a decade-long, deep, wide, fast time-
domain survey of the optical sky. It consists of an
8-meter class wide-field ground based telescope,
a 3.2 Gpix camera, and an automated data
processing system.

e The LSST will enable a wide variety of
complementary scientific investigations, utilizing
a common database and alert stream. These
range from searches for small bodies in the Solar
System to precision astrometry of the outer
regions of the Galaxy to systematic monitoring
for transient phenomena in the optical sky. LSST
will also provide crucial constraints on our
understanding of the nature of dark energy and
dark matter.

Sven Herrmann - SLAC



The Large Synoptic Survey Telescope
Corner Raft Readout Electronics

GREB
(guide sensors)

WREB
(wavefront sensor)

3.2Gpix camera includes 4 corner rafts:

» wavefront sensors provides input for the
active optics system

Corner Raft Tower includes all electronic for a
48 channel CCD controller with a 18bit video chain (@500kHz pixel clock per channel)

Sven Herrmann - SLAC



ENTRO

FERM mﬁ% The EEE Project: an extended network of muon
Cort Sk b i For telescopes for the study of cosmic rays

M.P.Panetta on behalf of the EEE Collaboration

v The EEE (Extreme Energy Event) Project y S =
An array of more than 40 muon telescopes to study High Energy *M - s e
Extensive Air Showers :t —
The stations are installed inside Italian high school buildings, INFN T
sections and at CERN, spread over a area of 3 x 10°> km? e &:;W_"}F:-k
The EEE Telescope b
O 3 Multi Resistive Plate Chambers (MRPC) for w"““%m
particle tracking — each with 24 readout strips :
O A 6-fold coincidence of both strip ends of the 3 45 days RUN 1 I
MRPCs generates the data acquisition Trigger RUN 1

L GPS uNIT gets the event time stamp to synchronize

informations from different telescopes 23 February 2015 — 30 April 2015
L VME BRIDGE. DAQ connected to a PC via USB For the first time 35 telescopes have
a .. been contemporaneously taking data.
The particle impact point is reconstructed by the hit Data are transferred and stored to CNAF
strip (x) and by the difference of signal arrival times at where events and tracks are analyzed:
the strip ends (y) measured by TDCs 4 x10° GOOD TRACKS have

been collected

The EEE telescopes have been independently taking
data since several years, and have been able to produce
significant scientific outcomes:

search of coincidences, study of cosmic rays flux, ...

Additional info in the poster

presented by F. Noferini (FEE
Trigger DAQ Session)
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At the present, data transfer to CNAF, allowing a direct way to store and access all data,
makes it easier to analyse contemporaneously all the EEE network results

Search for Coincidences Study of cosmic rays flux N
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at 1.2 km distance
Upgoing tracks

. . Most of them might be electrons from p-Decay
Distance Correction
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é;zzr.-i e
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e, o 00 2 ma ; : . R
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The Archimedes INEN
Experiment (o

P. Puppo3 for Archimedes’ collaboration

From the cosmological constant problem:

why does vacuum energy exibit a gravitational contribution enormously lower
than the predicted one? Does vacuum gravitate or not?



Cuprates are «natural»
stacks of Casimir cavity

How to measure it?

jm =g °
i ) * The cuprate, when makes the
transition, has parallel
superconducting planes separated

~ Cu-0 plane
[ ]

C = 1. 168 nm

V (O}~ | Sarae by dielectric planes.
’) T s These planes expel part of the °
vacuum energy due to the increased
® -» ‘ —#=- Cu-O chain

5 reflectivity.
VS /7 aw=0382am

b« 0,398 am
The Vacuum Weight

* The Casimir effect is a macroscopic
manifestation of vacuum fluctuations.

* If the vacuum «weights» then there is a
force, directed upward, equal to the
weight of the modes expelled from the
cavity when it becomes
superconducting.

Expected force 10°1¢ N

Aldo Morselli, INFN Roma Tor Vergata

Detector Techniques for Cosmology, Astroparticle and General Physics

The idea is to weigh a rigid Casimir cavity when the vacuum
energy is modulated by changing the reflectivity of the plates.
High Tc layered superconductors as natural multi Casimir-
cavities

High variation of Casimir energy at the transition = Taking
advantage from the fact that in normal state the plane (that
will become superconducting) is a very poor conductor

The Experiment
. Seismically isolated balance
. Temperature modulation around Tc
. Balance tilt possibly read with an optical lever

— cxpected signal
— SEISMIC NOISE
— SUSP therm
shot
pressure
inter thermal
— {012l NOISE

= == Oro noise

N/sqrt(Hz)

Signal and Sensitivity for Archimedes)
May 29 2015 19



- Istituto Nazionale
di Fisica Nucleare

The Advanced Virgo
monolithic
fused silica suspension

P. Puppo?3 for the monolithic suspension team
INFN Roma




Monolithic suspensions Fused Upper Clamps

of the Advanced Virgo Mirror silica

* Double pendulum system;

* 40 kg mirror suspended with fused Steel pla
silica fibers;

* new wire clamping with the upper
stage, silica-steel interface at the
level of the upper stage;

* new ears and wire upper and lower
T-clamps;

Thermal Noise Calculation with FEM

Quantum noise

: Suspension Thermal i : A WoE

|| =——— Upper Clamps iz ]
Overall Thermal Noise I SN 19 ECNE W

Total noise

&}
23

—_
o
|

Strain [1/vHz]

~ Frequency [Hz]

ol i | 1 i L L i L i A
10° 10°

The mirror and suspension thermal noise
weoey  Ccalculated with FEM (blue) is compared with
the Advanced Virgo sensitivity curve (black).

Details in the poster



Test of Weak Equivalence Principle on Antimatter in AEGIS

Daniel Krasnicky (on behalf of AEgIS collaboration [1]) INEN
INFN - Sezione di Genova, Via Dodecaneso 33, 16146 Genoa, Italy (  Itituto Nazionale

di Fisica Nucleare

AEglS is an experiment located at the Antiproton Decelerator at CERN whose goal is to measure
gravitational acceleration g of cold antihydrogen to 1% precision.

Readout ASICs
We show: ‘
. . 77 (or 4) K vessel |
- The experiment overview ‘
~
- The detector scheme for the gravity measurement j 0
wn
- The importance of a micron precise pos. sensitive detectp z
N =
- Use of nuclear emulsions in vacuum for high —‘- —————— 5
precision annihilation vertex measurement 5#‘:2* | “:
- = ———— o
0.1 W I — -
; A l .
= * : " [um] \ /
W Zls moire' deflectometer gratings
TR e | g Si strip detector
L 1 (25um pitch, 50um thick, 300um support ribs)
0.00] bbb L L T P e




Test of Weak Equivalence Principle on Antimatter in AEGIS

U) Daniel Krasnicky (on behalf of AEgIS collaboration [1]) INEN
— INFN - Sezione di Genova, Via Dodecaneso 33, 16146 Genoa, Italy L/ sttuto Nazionale

di Fisica Nucleare

Proof-of-principle measurement of Lorentz force on antiprotons

a

(o n

 Nuclear emulsion was
coupled to two small
moiré deflectometer

gratings with 40um ’E

120

Contact

80

grating pitch 40

y position (um)
y position (um)

e Slow (100keV)
antiproton beam passed
through the
deflectometer

0 I .
0 40 80 120
x position (um) X position (um)

C 50

* A Lorentz force of the
order of 500aN was
measured by observing
a 9.8 um shift of the
antiproton pattern with R T TR TR
respect to an X position (mm) 00 d2 d
undeflected light y position
pattern.

y position (mm)




Possible usage of Cherenkov photons to reduce the background
in a 136Xe neutrinoless double-beta decay experiment

S. Dussoni and G. Signorelli
INFN Sezione di Pisa, Largo B. Pontecorvo 3, 56127 Pisa, Italy “

The main background to!36Xe nutrinoless double-beta decay (OvBp) is the signal from Compton scattering of photons with
energy around the decay end point at 2.458 MeV.

This can be reduced by self-shielding. Another proposed method is tagging the daughter barium nucleus. This is an extremely
challenging task and, although feasible, presently suffers from very low efficiency.

Xenon scintillates at 178 nm (VUV) but liquid xenon is extremely transparent to ultra violet light.

We studied the possibility to distinguish 1-electron Compton background from 2-electron OvBp by combining scintillation and
Cherenkov light amount (2 electrons go below threshold faster) and topology (two electron events are more symmetric).

One
The energy-angle distribution of electron
the OvBBpair peaks at Q/2 and event
180°
Two
Electrons
event

0.0

Scintillation yield and Cherenkov yield with - ol = A= 800m
different detector wavelength threshold. (A(' £ o0
. Cherenkov light is much less but can be E /,/ St -
enhanced by integrating only prompt photons «¢ s o
Aldo Morselli, INFN Roma Tor Vergata Detector Techniques for Cosmology, Astroparticle and General Physics — May 29 2015
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A simple simulation of a cylindrical detector read out by alternating SiPM sensitive to scintillation or cherenkov light only show
that in a 2D plane one electron and two electron events cluster in different regions.

Cherenkov photons wavelength

=
=
Ve
AU
@
a
<}
=)

300 Simulation of

3000

Number of emitted Cherenkov
photons as a function of the
““wavelength

Amplitude, A.U.

N
o
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]
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and after being

100

CERRET §T T T T T[T T[T T[TTTT 1777y
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Cherenkov (red) and
scintillation (blue) light
time structure before

detected by a SiPM

50 - 0 —26 4‘0 6‘0 a‘u 100
\§\ time, ns
0—%00 a0 600 800 1000 1200
Cherenkov vs scintillation yield and topology
The plots below show the difference in Cherenkov light yield above 200 nm for one and two electrons cases. In the 2D plot a
simple topological variable (the ratio of the centroid of Cherenkov vs scintillation light) is plotted against the ratio of
scintillation/Cherenkov emitted photons. It is clear that a cut in this plane is effective in distinguishing the signal from the
background.
Single vs. Double electron emission
=l o4~
eme The background from a single
C site Compton electron has both
01— more Cherenkov light and a less
2 _— symmetric shape.
R - The cut in figure, for instance,
—reR g o retains 75% of the signal events
= sl by rejecting 90% of the
e - background
a0 0.02—
‘“‘E: get B i P PN T | “n as | ‘l T T
s 150 200 250 300 350 400
I S e T Neci/Noae200
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Ph mera experimen NilBef
ase t(?fé\ eéra experiment o, Uc
or Advanced Virgo)

Kazuhiro Agatsuma, Martin van Beuzekom, Mesfin Gebyehu, Laura van der Schaaf, Jo van den Brand

We report on a frequency selective wave front sensor
used for monitoring sidebands and aberrations in a
gravitational wave detector

¢ Heterodyne detection
¢ Scanning wave front with pin-hole PD

@ = N
IFO . Scanner

:g Demodulation

;I-V?/;St:‘]b:slmfm ) ‘/AE Digital signal processing
L")

Laser PM for IFO
|
D W, - 4

Reference beam
N w, (Frequency shift by w,)

o
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A
X
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PF e Ql_\b
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-
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@Y > X LPF — * usb
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g

W+ Wy,
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|
|

Advanced Virgo
is a gravitational
wave detector in Pisa

Aldo Morselli, INFN Roma Tor Vergata

‘@Prototype phase camera

Expected sensitivity is better than 2 nm

@ Iinstallation in Advanced Virgo

. Upper Lower
carrier ..sideband _sideband

T~ o8-

lens

| Pick-off
: mirror

Laser

— 1 =6.270777 MHz: Arm cavity (common)
— f2=56.436993 MHz: SRC
— {3 =8.361036 MHz: PRC

e O e o 3'> PCs will be installed

—— R=22.38MHz: Input MC PC1: Input beam (Laser bench)
. . . PC2: Power recycling cavity (EPRB)
We have just started to install optics PC3: Output beam (EDB)

Detector Techniques for Cosmology, Astroparticle and General Physics ~ May 29 2015
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V_
HARPO

("« HARPO: TPC as a gamma-ray telescope and
polarimeter in space

* Tracking e+e- pairs converted in 2bar gas

\_*_Tested in polarised photon beam 1.7 to 74MeV____/

7

* First beam data

/

i |

O 1
0 100 200 300 400 500 100 200 300 400 500
time [tb] time [tb]

\
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B Experimental study of breakdown
D electric fields in liquid argon

Fermilab

» Study of breakdown electric field in liquid argon as a
function of argon electronegative contamination level,
cathode-anode distance and electrode size.

» Motivation: dielectric strength of liquid argon not
precisely determined, yet its value is crucial for the
design of the next generation liquid argon neutrino and
dark matter detectors.

» An electrode sphere-plate geometry was implemented
using spheres with diameters of 1.3 mm, 5.0 mm, and 76
mm.

» The cathode—anode distance was varied from 0.1 mm to
25 mm.

> Each set of measurements was repeated at different
liquid argon contamination levels, ranging from 1.5
parts-per-million of O, equivalent to less than 100 parts-

per-trillion.

Roberto Acciarri - Fermilab

Breakdown test setup

Feedthrough --g—

Delivers up to -150
kV to the probes

Translator

Regulates cathode-
anode distance

Cathode

Three swappable
spherical probes of
different diameter

Anode

74 cm diameter
grounded plate
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(some of the) Results

Average breakdown E-field

E F 76 mm —a— O, > 800 ppb v A dependence of the breakdown E-field on liquid argon
§1400; v 10 <O, < 800 ppb . . g o 3
g - 5.0 mm e 0, <10 ppb electronegative contamination level is mostly evident
= 1.3 ) . .

S 12001 - with the 1.3 mm probe. Similar dependence is not clearly
LL = . .
1000} visible for the other probes.
w

800

v A stronger dependence of the E field on the probe size
becomes evident when comparing these results with

600

OIS 3 3 3 € ZE 20 S
siiaE S e studies present in literature, conducted at a variety of
. it argon contamination levels and electrode sizes (relative
2.5 plot present in the poster).

Distance (cm)

E-field vs stressed cathode area
v Defining stressed cathode area as the area of the probe
with E-field above 80% of the max E-field, a clear
dependence of the breakdown E-field on the stressed area
is observed for all the probes.

76 mm
5.0 mm

108 I

Eyay Field (kV/icm)

v This is the first time such dependence is shown for liquid
argon.

v The observed geometric effects are of critical importance 10% 1 —E__=C(A)% Jvi
in the design of LArTPC detectors for future neutrino -
experiments, where drift distances on the scale of meters
are required.

29/05/2015 R. Acciarri - 13th Pisa Meeting on Advanced Detectors

1aal R sl L 11 — 1l
3 o ~
10 102 107"

10
Area (cm?)
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*INFN of Naples

JEM-EUSO is a new type of observatory which aims to study
the Extreme Energy Cosmic Rays, EECR (E > 5x101? eV), which
are the most energetic component of the cosmic radiation.

JEM-EUSO telescope will
observe fluorescence and
Cherenkov UV photons
s e, N2 IR R . T generated by Extensive Air e
‘ | == W r=M Showers (EAS) created by EECR.

Middle Lens

4__;@

EUSO-Balloon is a pathfinder mission

developed by the JEM-EUSO collaboration: | 18 ——I__

a balloon-borne instrument designed to fly

to an altitude of 40 km.

 Technology demonstrator: full scale test
of JEM-EUSQ's key technologies

e Trigger studies

radiator

electronics subsylems
on "dry shelf*

087m

PDM

Fresnel lens L3
fixed/tight

Fresnel lens L1

~  adjustable
233 m

* UV background studies i

Baffle &
“deceleration cylincer”

IR Camera

* Observation of artificial calibrated sources ! S

\
e 1stdetection of EAS by looking down from x‘
the edge of space




for theJEM ETJS
*INFN of Naples

UV in flight calibration

5 mJ Laser ~ T
100 EeV EECR gy

Balloon@float altitude
Cosmic-Ray { |
Detector | /—Tdemwy

2h 21m under
balloon . b T ‘
e m - at 38 kilometers X
7 | g A laser track
Call Helicopter Launch 8:53 Local Time (hrs) reconstructed by

The time schedule of the balloon flight the instrument
fuedfmm

487 = = \
’ Y basket on side
\ of helicopter

fmad from l

Latitude [deg]
&
&

£3
s

within
helicopter

~

<

auHH[IlH’HH“‘

48.4¢

-81
Longitude [deg]

Preliminary measured UV background map compared with the
positions of man-made visible lights observed by satellites

Goals: reconstruct T
> d direction,
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*‘(IT EUSO-TA prototype telescope
NS

Francesca Bisconti for the JEM-EUSO Collaboration |

Karlsruhe Institute of Technology

JEM-EUSO experiment
« Designed for the International Space Station JEM‘EUSO%

e First instrument able to observe an area ~10° km?

Orbit altitude:
~400km

* Full-sky observation UHECR &
TR
. e C e S
Scientific objectives S
» Detection of UV photons of fluorescence and _\@\
Cherenkov light from extensive air showers B «®
EAS ~ -

* Ahigh statistics measurement of the trans-GZK .46 <20 km
spectrum
 |dentification of sources and source regions

Observation area: ~1.4x10 5 km 2

JEM-EUSO prototypes
« EUSO-Balloon

30 km altitude, first flight from Timmins,
Canada in August 2014 [ | |
« EUSO-TA E \1
Telescope Array site, Utah (USA) J“““ — E
First campaigns in March and May 2015 ‘ EEeg
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*‘(IT EUSO-TA prototype telescope
e

Francesca Bisconti for the JEM-EUSO Collaboration
Karlsruhe Institute of Technology

EUSO-TA objective
Validation of the JEM-EUSO prototype

* Calibration with Central Laser Facility
and Electron Light Source

* Cross-calibration with TA fluorescence

detectors through comparison of noise
and signal

 (QObservation of extensive air showers
triggered by TA

Sensors for the Photon Detection Module

64ch MAPMT " 64ch TSV SiPM
2.9x2.9 mmZ2/ch ' 3x3 mm?2 /ch

Current sensor MAPMT
or new generation SiPM?

0

One image/GTU (2.5 ps)

N - Fluorescence Spectrum

-
=3
o

relative Effizienz [%)
®
)

60 |
40 |

- < | SiPM
} V== R s A MAPMT

450 500

255 ] 0 350 40’0
AUGER Design Report 1997 Wellentinge (nm)

TA.
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Development of a super-resolution optical microscope

" for directional Dark Matter search experiment
Andrey Alexandrov (INFN-Napoli) on behalf of the NEWS collaboration

Sensitivity with a small detector

* NEWS — Nuclear Emulsion Wimp Search experiment will
use a novel technique for DM search with a capability

of detecting the* directionality of recoils —_—

¢ Nuclear emulsion advantages: _
* High density, ~4 g/cm3 (acts both as a target and a tracking

Cross Section [cm?]

detector)
¢ » Extreme spatial resolution (limited by a crystal size, few tens
of nm) . _
* No electronics is required in target area during the exposlre I S b+ LB
* Nano Imaging Tracker (NIT) - new emulsion‘type, T\ WIMP Mass (Gev/cl
' mass threshold
e Extremely low fog level (the humber of thermally excited
crystals) .
281 nm

\

'

1.1 um |+

L2

* Not sensitive to electrons
* 20 nm crystal size, ~29 crystals/um — under testing

» The goal of the presented R&D is to build a microscope
capable of detecting 1Q0nm-long recoil tracks in NIT
emulsions and measuring their dirEction

171 nm

l

. X-
Optical Microscope Rav Microscope
o
S
-

1.1 pm




Development of a super-resolution optical microscope

" for directional Dark Matter search experiment
Andrey Alexandrov (INFN-Napoli) on behalf of the NEWS collaboration

\ Though the individual grains.are not resolved - B i

the track’s shape becomes elliptical while .. /| cmos camera
images of fog grains remain circular | 4 mpix
Use elliptical fit to detect direction and select o -
track candidates { B

. LW . L) ifying lens,
?g{gular resolution by elliptical fit = 235 mrad = . Nikon VM £.2.55

’ . - ' ’ .
ey Developed’Ag grains are not spherical ->
q vais o oocmstn =\ scattered light is polarized -> grain brightness
| e S| B changes with polarizer rotation ’

Position accuracy = 10.5 nm

By analyzing images of one and the same track

under different polarization angles it is possibte __ - Nikon Oil
3 T g ; e Objective
not only distinguish tracks from fog grains but _ ™ 100x 1.45
also to Isolate individual grains inside the . " N.A., Plan Apo
" track! \ m—LA
Displacement of the cluster mass center with change of . 3 . . . - . .
. b . With the use of Elliptical Fit and Polarization

Analysis the detection of 100nm-long tracks is

possible! Optical resolution: 207

nm
Dig. resolution: 27
nm/pixel




A simple technique for gamma ray and cosmic ray spectroscopy using plastic scintillator
Akhilesh P. Nandan?, Sharmili Rudra?*, Himangshu Neog?, S. Biswas3*, S. Mahapatra®, B. Mohanty3, P. K. Samal*

1|ISER, Trivandrum - 695 016, Kerala, India
2Department of Applied Physics, CU, 92, APC Road, Kolkata-700 009, West Bengal, India
3School of Physical Sciences, National Institute of Science Education and Research, Bhubaneswar - 751 005, Odisha, India

4Physics Department, Utkal University, Bhuvaneswar - 751 004, India
43_}9‘. e-mail: *sr.phys@gmail.com, *s.biswas@niser.ac.in, “saikat.ino@gmail.com, *saikat.biswas@cern.ch
2 > -
e

Summary

A f ;‘ ‘~.-

Gamma ray and cosmic ray muon pulse height spectroscopy has been done without using SCA or MCA.
Only scintillator detector, a leading edge discriminator and a NIM scaler have been used in this technique.
Gamma ray spectrum has been obtained for Co® and Cs!37 sources.

Proportionality in energy and pulse height has been observed.

The energy resolution for the detector has been found to be 9.3% and 7.6% for the Co® 1.17 MeV and 1.33
MeV peak respectively and 10.2% for 662 keV peak of Cs'%’,

Cosmic ray spectrum has been obtained and fitted with Landau distribution.
MPV increases exponentially with applied voltage to the PMT.

Although the energy resolution is not so good but still using plastic scintillator detector gamma spectroscopy
and cosmic ray muon pulse height spectroscopy can be done. Main drawback of this technique is that this
process is time consumable and may not be useful for real experiment; however, this process is very useful and
can be applied for laboratory measurement where MCA or SCA are not available.
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A scintillating bolometer array for double beta decay studies:

the LUCIFER experiment

! erc

Luca Gironi on behalf of the LUCIFER collaboration

The Low-background Underground Cryogenics Installation For Elusive Rates (LUCIFER)

The LUCIFER setup will consist of an array of 30 individual module detectors, arranged in a tower-like structure installed underground
in the Laboratori Nazionali del Gran Sasso. Each module will be composed by a ~0.5 kg enriched (95%) ZnSe scintillating crystal equipped
with a Ge-crystal light detector operated as bolometers at ~10 mK. The goal of Lucifer is to reach sensitivity of few 10% y for the search

of the neutrinoless double beta decay and to be a demonstrator for a background free experiment.

Light Detectors

__— Light detector

Copper holder

- 8
£ 6f
i by, .
E 2 S Scintillating crystal
— %0 . .
iism' Performances as a ~Reflecting foil
E o S eepange . s sooec® function of the b — PTFE
= mlm s Y sensor polarization
i L, (PA) current.
0=44.5 mm, h=0.175 mm “Hermometer
ZnSe crystal
= 180 431g crystal 035 Isotope Q-value i.a.
© : = F
160 N AR 030 ‘ 82 0
22 Q\}\ Cid < 03 B/y events Se 2996 keV 8.7%
E. 140 N TR i E Ea .
2120 ] 5025 oy O 500, Tl lisht emitted andlthe shape of the
2. 100 AR 2, © ’ . same licht pulses are reported as a
=) . - L . .
2 g - % C function of the energy released in the
- L
2 =015k ZnSe bolometer. A y-source was used to
0 %001%..*“,“”‘_.%." ve 0w produce events (blue) up to 2615 keV
i . smeared o source (2®T1) while a smeared a source was
20 0053,“,1,“,_,“1““1,,,11““ placed under the crystal to provide a
0

82Se Qpp

Energy [keV,,]

4500
Energy [keV,,]

continuum of a’s extending to lower
energies (red).
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) A scintillating bolometer array for double beta decay studies: St
L’ﬁFN the LUCIFER experiment

Luca Gironi on behalf of the LUCIFER collaboration
2vDBD of %Mo

The large statistics collected during the operation of a ZnMoO, array, for a total
exposure of 1.3 kg day of 1""Mo, allowed the first bolometric observation of the
2vDBD of “Mo. The analysis of coincidences between the crystals allowed the

ZnMo04

Successful R&D pursued within LUCIFER with Mo-
based compound before choosing ZnSe.

assignment of constraints to the intensity of the different background sources,
Isotope Q-value ia. resulting in a reconstruction of the measured spectrum down to an energy of
~300 keV.
Mo | 3034keV | 9.6% LA

2v 100

7.0 (" Mo ) =[7.15 + 0.37 (star )+ 0.66 (syst )]x10 " y

:; Smeared ()Source Crystal mass (g) Anticoincidence Coincidence
g
. : + +
g AR e 11 e 247 509 £ 26 4.4+0.2
g, . 235 472+ 24 54+0.3
<
<
s '\ 329 661 + 34 6.2%0.3
B/y events Number of events from the 2vDBD of ®Mo in the anticoincidence
spectrum and in the coincidence spectrum for each crystal.
DP(QBB) =20 10

Anticoincidence Energy spectrum

withoutlight detection
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They demonstrate the very appealing possibility to
discriminate particle through pulse shape analysis on
the heat channel.

10

Counts/30 keV

10

l |

Background reduction without a double readout. 10
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