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C noporom Huxe 1 k3B ?
TTpy mansIx sHepruax oraaum CKOpoCTb cyeTa GyaeT AOCTATOYHG,
YTOOLI CHATb CNEKTP OT AHTUHEUTPUHO OT peakTopa.

H.T.Wang arXiv:0803.0033v[L
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Bknaa ot marHUTHOrO MOMeHTa

. 2 2 e_Mmax
c,=nlu|ln| =/ |+ ——-1

* [lonHoe ceveHne pacceaHns HEUTPUHO Ha BNIEKTPOHE,
CBA3aHHOEe C MarHUTHbIM MOMEHTOM HENTPUHO, 30ecCb | —
Nopor perncTpaunm anekTpoHoB otaaum, Ee max =
Ev(2EVI(2Ev + m_)) — MakcumMarbHO BO3MOXHas aHeprus
9NeKTpoHoB oTtaaum (Ee max = Ev npu Ev>>m,), ry —
Kriaccu4yeckun pagmyc arnekTpoHa

« KBagpaTtnyHas 3aBUCUMOCTb OT MAarHUTHOro MomMeHTa!



C noporom Huxe 1 kaB?

TTeperinr (U nocnegHun!) k3B, rae agppexT or
QHTUHEUTPUHO ellle He U3Mepanu.

A
1000 = N
— 3 O =10 {(counts /0.1 keV /100 hr)
[ | I I I I I I
1{K} I : : : = : . |
'FF =1 {(counts /0.1 ke 1000 )
100
] | TI || 1] | |
1
1| ON-OFF-weak
50 HElectromagnetic
L
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

HU 5 10k 15 200 25 S 35 44b 45 S a5 Tl a5
Energv (keV)

®parmMeHTbl CrekTpa Npu BKITHYEHHOM U BbIKITFOYEHHOM peakTope (BBEPXY) U NX pasHOCTb,

HOPMUPOBAHHAA Ha CEeYEHNE ANEKTPOMArHMTHOrO B3auMoLenCcTBus (BHU3Y)
A.G.Beda et al. (GEMMA) The Results of Search for the Neutrino Magnetic Moment in GEMMA

Experiment Advances in High Energy Physics 2012 (2012) 350150.



KorepeHTHOe paccesHue Ha aapax
MULLieHU

D.Z.Freedman PRD 9, 1389 (1974);
D.Z.Freedman, D.N.Schramm, and D.L.Tubbs, Ann.Rev.Part.Sci. 27, 167
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A.Drukier and L.Stodolsky Principles and applications of a neutral-current
detector for neutrino physics and astronomy Phys.Rev.D 33, p.p.2295-2309
(1984)

[Mpouecc ngetT ¢ manown nepegaden umnynsca v NOTOMY HEUTPUHO
B3anmMoademncTByeT B doa3e Co BCEMU HYKNoHaMu aapa. PaccesHue nget no
KaHany HemTparibHOro Toka yepes obmeH Z, -6030HOM CO BCEMU HYKINOHaMu U
MO 3TOM NMPUYNHE HE 3aBUCUT OT apomMaTa HEUTPUHO. CeyeHne
NponopLnoHarnbHO KBagpaTty YMcrna HEUTPOHOB B A4pe. YaenbHbIM TeMn cyeTa
(B Ke-1cymku-1) [OBONBHO BENWK U NpOonopLUuoHarieH aToOMHOMY BECY MULLEHU

TTpeanoxeHo 8 70x, yacto obcyxaanochb
U HUKeM noKa He Habnroaanoco!
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Unrealized proposals
(from P.S.Barbeau, J.I.Collar, O.Trench
2007 JCAP09(2007)009 )
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B ¢pusuke rnasHoe - He upes.
Npnero MOXHO no3aumcTeoBaTb y Apyroro.
B ¢ppusuke rnasHoe - 3TO UCKYcCTBO
3KcnepumeHTaTopa. ITOro Hesb3s
NO3aUMCTBOBATb, HO UMEHHO 3TO
obecneuusaer ycnex.

PaumoHa Hasuc.

Raymond Davis



Coherent Neutrino Scattering (CNS)

A neutrino elastically scatters on a nucleus via
Z0 exchange with all nucleons

= flavor blind, no threshold

¥ 4+ Ar — i 4+ Ar LY

* predicted by the SM, long-sought

* high cross-section:

G*V)
E, \° 2)
Ocs = 72 ~0.42 x 1074N2 [ 2o ?
R e R I K
* But low recoil energy: Sources of < 50 MeV neutrinos
(EL,XT"»_-'[HV]E + Reactors

(E.) =T716eV

(4} » spallation sources
* supernovae

A.Bernstein, NOw2011  ° thesSun L




Bknaa ot korepeHTHOro paccesHus

AN PepeHUUanbHbIU
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F(Q°)

Qy =N —(1-4sin’*§, )Z

 Z—3apsag agpa, N — konnyectso HEUTPOHOB, M — Macca aapa
« T —3Heprua otgaym aapa
« sin%6,,= 0.22.



dHeprusa otaaum aapa mana. [ina nerkux apep (Ar)
6onblwe aons cobbITUU C 3Heprueu OTAAYU CBbLIlWE
~400 3B, uem ana taxenwix (Xe)

" The recoil energy spectrum of reactor

antineutrinos in argon and xenon
| |

[
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A.Bernstein report at LOWNu2011

Counts/(kev-kg-day)




DNEeKTPOHLI OT UOHU3ALUUU B AproHe U KCeHOHe.
Ona usmepeHUs MArHUTHOrO MOMeHTa nyule
NOAXOAUT KCEHOH, ANa perucTpauum KorepeHTHOro
paccesHUs HEUTPUHO HA AAPAX — AGPFOH.
Xopowo umeTb cpasy ABA AeTeKTOpa Ha OAHOM MyuKe
U CPABHUBATS...

Fredicted Xenon and Argon ionization

=N specbhum from reactor newutrinos — depends o

guench factor

Hagmann & Bemstein, THS 31{3) ( 20404)
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Pulse shape

i
i

The pulses have a well defined shape which allows a

pulse shape analysis in order to discriminate real pulses

from noise with an efficiency of 100%.
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Direct Measurement of the L /K Ratio in " Be Electron Capture

P A. Voytas,! C. Ternovan,! M. Galeazzi,? D. McCammon,* J.J. Kolata,® P. Santi;? D. Peterson.? V. Guimarges,’
F.D. Becchetti* M. Y. Lee* T.W. O'Donnell* D.A. Roberts? and 5. Shaheen®~
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FIG. 2. Example pulses from the microcalorimeter showing
noise levels and the characteristic time constant.
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P.S.Barbeau, J.I.Collar, O.Trench

II. A FIRST COHERENT NEUTRINO
DETECTOR

The Low-Background Detector Development group at
the Enrico Fermi Institute has investigated several new
technologies, each in principle capable of meeting the
three goals (energy threshold, background and minimum

detector @ Ie-qmred for a successful measurement of
this mndg, I Ef interaction in a power reactor. In
this paper 2t what iz presently mnalderei
the most promising 3-1“(-: hiz measurement— 1 he
rototype de-aa:nhed he-r Myihits YPeytive Tl of 475
48 st L] [ P ITLET i [LE = A ] i

technology is hmvew:rr readily scalable to ﬂ.masaﬂﬂﬂ ke,
necessary for most of the applications mentioned above,
in the form of a small array of detectors.

7 Jan 2007

cl-ex/0701012v1

arxiv:n



nose level of 270 eV {resulting m a t]&@hcrld
two ! ' would still h%ﬁuﬁcient

for a reactor experiment looking for cgb&-a neutrino

scattering. However, a numhercﬂgﬁ%@gmenta could
in principle reduce this to aoté}re%ol& ~100 eV or even

lower m such a larggf'ﬁl@&ﬂé{oﬁ' which would yield a
comfortable Eign%b'fﬁ%ﬁf@} present purposes.  Since a
large fras:ti@a&f éb@‘ﬁniae fisure 1 the seminal work
of [l%?;’&?;@eﬁ the electronic characteristics of the
fieldeffee Bransistors (JFETs) available 20 years ago, it
seemet] timely to reconsider this approach m the hght

of the most recent technology. A number of possible
Improvements were envisioned:



Status

Calibration spectrum in Dubna with (Fe-55, Al) source
Achieved energy threshold is ~350 eV
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Development of Low Energy Threshold HPGe Detectors at JINR

Evgeny Yakushev
The project of Department of Nuclear Spectroscopy and
Radiochemistry, JINR, MEPHI Session 2012
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Kavli Institute
for Cosmological Physics
AT THE UNIVERSITY OF CHICAGD

Left: single electron spectrum (showing a typical polya distribution) in P-5 gas
using a quadruple university of chicago-3m gas electron multiplier.

Right: single photon pulses from a 10-12 filtered LED on a cooled large area
avalanche photodiode (1.6 cm diameter, advanced photonix). Cryogenic operation
of laapds produces a substantial reduction in their noise (inset) and gains of a
few thousand while still in proportional mode,facilitating single-photon

detection with a very high quantum efficiency (>70%).


http://collargroup.uchicago.edu/projects/neutrino/images/neutrino-fig1_large.gif
http://kicp.uchicago.edu/

Coherent Neutrino Nucleus Scattering
(CNNS) with cryogenic detector
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phase transition of a
superconducting film
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electric curcuit diagram for the resistance
measurement with the SQUID

SQUID




The resistace of the superconducting film (— RT in the
figure below) is measured with a SQUID (Superconducting
QUantum Interference Device), which is a very sensitive
sensor for magnetic fields. As the electric curcuit diagram
below shows, the SQUID measures the magnetic field
produced by a coil, which has the same current as the
superconducting film.

e QOutlook

 If we succeed in developing a cryogenic detector with
the specifications mentioned above (low energy
threshold, good energy resolution and a massive target
of several 100 g), the detector should be placed to an
area with a very high neutrino flux of at least about
10*3neutrinos/cm?s. Such a place could be in the
vicinity of a nuclear power plant with a thermal power of
2 GW.



SN neutrino detection via coherent scattering
using the spherical proportional counter (SPC)

G. Tsiledakis

E. Bougamont', P. Colas’, J. Demre’, A_ Dastgheibi-Fard, I. Giomataris', G. Gerbier’, M. Gros', N. Grouas, P.
Loiza, P. Magnier', J. P. Mols, X_F. Navick', P. Salin® L. Savvidis?, G. Tsiledakis’, J. D. Vergados*
1: IRFU Sacley, 2: Umv. of Theszalozmtlc, 3: APC Umiv. of Parzs, 4: Uziv. of Joaznziza
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IRFU (Institute of Research into the Fundamental Laws of

the Universe) Saclay (France)



But this coherent v - A elastic scattering
has never been observed...
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Recoil energies are tiny!

Energy v = 2 MeV ~ <Ev> at nuclear reactor
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A Druilder, L. Stodolsky, Phys.Rev D30:2295 1984, JT Collar, ¥ Giometaris - NIMA471:254-255 2000,
H. T. Wong, arXnv-0803.0033-2008, PS Barbeau, JT Callar, Q Tench - Arxiv preprirg nucl-ex0701012, 2007



Spherical Proportional Counter

»Simplicity of design

» SPC at Saclay *Cheap

1) e "7'_

+ Single channel to read-out a

large volume

*Low detector C < 0.1 pF

==> very-low electronic noise

*Large variety of gases — low

to high p
* Robustness

* Good energy resolution

* Low energy threshold

» Efficient fiducial cut (rise



Sub-keV calibration sources (1)

Am-241 source — April 2010
MAm o FNp) + He + 56MeV @

Np-237 decays with v ~ 39.5 keV and L rays

Source attached to sensor-rod
Source covered by thin foils
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Summary

=A new spherical detector 1s developed with large mass
and low sub-keV energy threshold

=G0ood energy resolution, robust, cheap and stable

*\Very low detection threshold ~ 30 eV (single electrons

sensitivity)

= v — A coherent elastic scattenng under reach
=Can be served as a low cost Supernova demonstrator

»A world wide network of several detectors 1s advertized

20



Neutral Current Coherent Cross Sections-

Implications on
(Gaseous Spherical TPC’s for detecting SN and Earth

nentrinos

J. D. Vergados
Theoretical Physics Dhivision, Umiversity of loanmina, loanmina, Gr 451 10, Greece

E-mail: vergados@uoi.gr

Abstract. The detection of galactic supernova (SN) neutrinos represents one of the future
frontiers of low-energy neutnno physics and astrophyses. The collapse of a neutron star
liberates a gravitational binding energy of about 3 = 10°* erg, 99% of which is transferred
to neutrinos and antineutnons of all the flavors and only 1% to the kinetic energy of the
explosion. In other words, a core-collapse supernova represents one of the most powerful sources
of neutrinos and antineutrinos of all lavors in the Universe. The neutron coherence of neutral
currents [INC) allows quite large cross sections in the case of neutron rich targets, which can be
exploited in detecting earth and sky neutrinos by measuring nuclear recoils. These (NC) cross
sections are not dependent on fHavor conversions and, thus, their messurement will prowvide
useful 1nfnrmat1-:-n about the neutrino source. In part.:r:ular they ?.-11| _1.|E|d mmformation about
the primary neutnno Auxes - ore fTEVOT TOnve - o sphere, The advantages
g gaseous low LhrEahu:-Id and high resclution time projection counters (TPC) deterters
will be discussed. These are especially prormsing since they are expected to be relatively :heap
pasy to maintain. The information thus obtained can also be useful to other flavor sens

Journal of Physics: Conference Series 309 (2011) 012031




J. D. Vergados
Theoretical Physics Dhivision, Umiversity of loanmna, loanmna, Gr 451 10, Greece

5. Conclusions

From the above results one can clearly see the advantages of a gaseous spherical TPC detector
dedicated for SN neutrino detection. The first idea is to employ a small size spherical TPC
detector filled with a high pressure noble gas. An enhancement of the neutral current component
ig achieved via the coherent effect of all neutrons in the target. Thus Eﬂlplﬂ_}’lﬂ ez, Xe at
10 Atm, with a feasible threshold enersy of abeut100-eVin the recoiling nuclei, one expects
between 700 and 900 events for a sphere of radius 5m. Employing " Ar one expects hetween 200
ane-300 events but with a vessel of larger radius (R=10m). If necessary, this detecto

tested with Earth neutrino sources, which tave @ nentrino spectrum analogous to that of a SN,

The second idea is to build several such low cost and robust detectors and install them
in several places over the world. First estimates show that the required background level is
modest and therefore there is no need for a deep underground laboratory. A mere 100 meter
water equivalent coverage seems to be sufficient to reduce the cosmic muon Hux at the required
level (in the case of many such detectors in coincidence, a modest shield is sufficient). The
maintenance of such systems, quite simple and needed only once every few vears, could be
easily assured by universities or even by secondary schools, with only specific running programs.



TTepcnekTuBLl ABYX(PA3SHOrO AeTeKTOpa Ans
perucTpauum aHTUHEUTPUHO OT peakTopa ?

A.Bernstein report at LOWNu2011

Small Dual-phase Ar Detector

« Primary region volume: ~ 200 g LAr
* In-situ Liquid Ar production with
cryocooler

~3-10 kVicm
gasAr  gf
(tatim@ ©
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»le
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3
liquid Ar
~1 kViem"™




TTepcnekTuBLl ABYX(PA3SHOrO AeTeKTOopa Ans
perucTpauum aHTUHEUTPUHO OT peakTopa?

Time Projection breaks down at low energy: recover z
position by diffusion

07t
Without a starting

flash of light, we need
a way to reconstruct
vertical position

Answer: measure
the transverse

width of the electron
cloud

52 pulse width 7, [us]
=

{but it won’ t work
for one electron...)

TTOZNNMO1 Te oday uleisulag'y

U P L 40 &) O 100 120 1400 160
clectron drift ime [pus]

P.Sorensen -arXiv:1102.2865




DUSEL at Homestake mine
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Coherent neutrino scattering in dark matter detectors

A.J. Anderson,' J.M. Conrad.' E. Figueroa-Feliciano,! K. Scholberg.” and J. Spitz’

'Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA
*Duke University, Durham North Carolina 27708 USA
*Yale University, New Haven, Connecticur (6520, L'SA
(Received 31 March 2011; published 15 July 2011)

Coherent  elastic neutrino-nuclens and weakly inleracting massive particle-nucleus inleraction

signatumes are expected o be guite similar, This paper discusses how a next-generation ton-scale dark
matler detector T weover neutrino-nucleus coherent scattering, a precisely-predicied stamdard model

P]'ﬂl:."::'-h A high-intensity pion- and muon- deca y-atrest neutring source recently proposed for oscillation
rhysics at underground laboratories '.'.uuldprm'ld:: the neutrinos for these measurements, In this paper,

caleulate mw rates Tor Vvanoms mrpet martertabs—commont y-used - rdodo marter detectors and show that
discovery of this inlemction 15 possible with a 2 ton - year GEODM exposure in an oplimistic energy
threshold and efficiency scenario. We also study the effects of the neutnno source on weakly interacting
massive paticle sensitivity and discuss the modulated neutrino signal as a sensitivity/consistency check
between different dark matter experiments at the Deep Underzround Science and Engineering Laboratory.,
Furthermore, we consider the possibility of coherent neutring physics with a GEODM module placed

within tens of meters of the neutrnnd sounce.

DO 101 103 PhysRevD 84013008 PACS numbers 13.15+g, 2530, 9535+d



In order to be reasonably concrete, we study a set of
experimental designs mspired by proposals for the Deep
Underground Science and Engmeering Laboratory
(DUSEL). We note that the detector designs are not very

different from those under consideration at other under-
ground laboratories and that the results can be easily scaled.

R oinno source, we assume a DAR con 10N
duced by high-intensity cyclotrons which are now under
dev 18.19] and proposed for DUSE -

DAR neutrinos are known to be an excellent source for
neutrmo-nucleus coherent scattering experiments [2.3].

The neuwtrinos are produced with relatively low energies
(<= 528 MeV), a range where coherent neutrino scattering

dominates all other cross sections by about an order of
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Integrated SNS yield for various targets
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K.Scholberg Spallation Source 2012




target design for GEODM is an array of 300 — 3 kg Ge
::ry'r.tah {:npemted at 40 mK '.l.-lth a total larget mass of

e a™s

A coherent neutrino interaction dm:mery in GEODM
could be achieved with a 2 ton-year exposure. About 2.0)
detected coherent neutrino events/ton/vear over a back-

ground of 003 events/ton'vear are expected in a
GEODM-style detector at a 23 km baseline, given opti-

mistic assumptions for energy threshold and detection
efficiency. Even in a conservative (baseline) scenario,
with energy threshold and efficiency reasonably consistent

with CDMS II, evidence for coherent neutrino scattering
could be obtained with a 4.5 ton-year exposure. In addition, h||

a 10 kg fiducial mass GEODM-derived detector brought
within 20 m of the neutrino source could collect about
1350 events with a 30 kg - vear exposure. Such a sample ||

would be good for a <<5% flux-averaged total cross section
measurement uncertainty and significant tests of the stan-

dard model.
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Physicists are planning the po
detail.

Matthew Chalmers
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Going global

If a linear collider is to be approved in the next few years, says Evans, it will probably not be built at CERN. Despite the
European lab's wealth of fechnical and political infrastructure, it has its hands full with the LHC, which isn't even scheduled
to reach its design energy of 7 TeV per beam until 2014 and is also scheduled to undergo a luminosity upgrade around
2022. “I'd bet that the highest priority of the European strategy workshop will be continuing to exploit and upgrade the
LHC,” says John Womersley, chief executive of Britain's Science and Technology Facilities Council, which controls the
country's spending on particle physics.

The United States is also an unlikely site for a new collider, says Fermilab director Pier Oddone, who is chair of the
International Committee for Future Accelerators. “Something drastic would have to change,” he says. After the closure of
Femilab's 2-TeV Tevatron collider, the energy frontier crossed from the United States to Europe. So
strategy is to concentrate on the ‘intensity frontier’, studying rare particle interactions produced by, for example intense
| beams of neutrinos. And yet, says Oddone, “we had a fairly severe budget cut at the beginni
problems fitting in a facility [a long-baseline neutrino experiment] that costs one-tenth of the ILC”. Oddone says that it
would also be “very difficult” at this time for the United States to contribute much to a lepton collider built elsewhere.

Many observers think that by far the strongest candidate to host the next project is Japan. After all, notes Evans, Japan
made a significant contribution to the LHC in the mid-1990s when the project was under financial strain. “Perhaps it's time
for Europe to return the favour,” he says. The Japanese premier made positive references to the ILC in December 2011,
just after the first preliminary sightings of the new boson were announced. There is a scent of extra funds, because the
new accelerator is being discussed as part of a broader economic plan to boost regions devastated by the March 2011
earthquake; the idea is to make it the hub of an 'international city' comprising other research laboratories, industrial zones
and education centres. And as Japanese particle physicists update their five-year roadmap this year, the ILC remains at
the top of their new-project wish-list. Specifically, explains Atsuto Suzuki, director-general of the KEK laboratory in
Tsukuba, the community's recommendation was that “Japan should take leadership of the early realization of an electron—
positron linear collider should a particle such as a Higgs boson be confirmed at the LHC”.
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Measuring active-to-sterile neutrino oscillations with neutral current
coherent neutrino-nucleus scattering

A.J. Anderson,' .M. Conrad,' E. Figueroa-Feliciano.' C. Ignarra,' G. Karagiorgi,” K. Scholberg,”
M. H. Shaevitz.” and J. Spitz'
"Massachusetts Institute of Technology Cambridge. Massachusetts 02139, [ISA
?C'm':mm:'a Urniversity, New York New York 10027, /84
“Duke University, Durham, North Carelinag 27708 USA
(Received 20 January 2012; published 2 July 2012)

Light sterile neutrinos have been introduced as an explanation for a number of oscillation signals at
Am* ~ 1 ¢V°, Neutrino oscillations at relatively short baselines provide a probe of these possible new
states. This paper describes an accelerator-based expenment wsing neutral current coherent neutrine-
nucleus scattering 1o strictly search for active-to-sterile neutring oscillations. This experiment could, thus,
definitively establish the existence of sterile neutrinos and provide constraints on their mixing parame ters.
A cyclotron-based proton beam can be directed to multiple targets, producing a low-energy pion and muon
decay-at-rest neutrino source with variable distance to a single detector. Two types of detectors are
considered: a germanium-based detector inspired by the SuperCDMS design and a liquid argon detector
mspired by the proposed CLEAR experiment.

The accelerator and detector location is envisioned close
o a large water- or scintillator-based detector [44-49], The
neutring flux normalization uncertainty at €ach baseline
15 conservatively expected at 1.5%, given a (100 kton)

device. We assume the flux has been consiramed o this
level by an independent measurement of »-electron scat-

tering with a large detector assumed to be mmning con-
currently. The 1.5% uncertainty estimate takes mito




CDMS and CLEAN or CLEAR

Figures 5 and 7 show that, despite the difference m
fiducial mass, the 100 kg germanium detector performs
slightly better than the 4536 kg liguid argon one. The
difference is in part due to the difference in nuclear recoil
energy threshold; 10 keVr for germanmm, 30 keVr for

argon. This emphasizes the fact that a low detector energy

threshold is important for obtaining a high-statistics sam-
ple of coherent neutrino scattering events as the rate

15 dominated by events with very low-energy recoils
= 10 keVr).

| eV?. Depending on the detector technology and nm
scenario, the experiment described is sensitive to the
LSND best-fit mass splitting at the level of 3-50 and can
probe large regions of the LSND and reactor anomaly
allowed regions. The experiment offers a pure and unique
analysis of neurmo oscillations that is complementary to
charged cuwrrent-based appearance and disappearance
searches.



Expected neutrino spectrum
F. Avignone and ¥. Efremenko, J. Phys. G: 20 (2003) 2615-2628

Msutring snengy (lley)
Tl'+ —_— ,H--I_ +@ 2-body decay: monochromatic EHEHE\H
PROMPT

J-body decay: range of energies
hetween 0 and m

Neutrino flux: few times 107 /s/icm? at 20 m ~0.13 per flavor
per proton



Time structure of the source
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Summary
The SNS at ORNL will provide a high-intensity
stopped-pion neutrinos in the fews tens of MeV range

This is ideal for studiesof supernova-relevant

neutrino-nucleus interactions!
Cross-section studies valuable for
understanding of supernova processes,
and supernova v

Another possibility is detection of

coherent elastic neutrino-nucleus

scattering: huge rate, but low energy

recoils; now within reach of new
low-threshold technology developed
for dark matter searches

The SNS is the best
neutrino source

in the world in the few
tens of MeV range;
let's not waste it!

start with a ton-
‘ scale detector for

cross-sections?




3.1. The Inner Noble Liquid Detector

e
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g N |
[ rhag
~

o

Figure 5: CLEAR experiment concept. The cryogenic inner
detector enclosed 1n a vacuum vessel will be positioned inside
a tank of water, which provides neutron shielding and an ac-
tive muon veto by detection of Cherenkov radiation with an

array of PMTs.
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Figure 6: The mner detector, containing an active target of
LAr or LNe viewed by photomultipliers, as described m the
text.



4. Summary

The SNS creates an intense neutrino source in the few
tens of MeV energy range. The CLEAR experiment
aims to measure coherent elastic 1-A scattering by sit-
ing a single-phase noble liquid scintillation detector 46 m

e nentrino source. The planned active
mass s 456 kg of LAr or 391 kg of LNe. Non-beam-
rela }-—i ' TS ATl

external radioactivity, radon, and **Ar (for argon); all
of these may be well characterized using data outside of
the beam window. HBeam-related neutron backegrounds,
which cannot be rejected using the beam time window,
have heen shown using extensive simulations to be com-

fortably small. The absolute rate can be measured with
~12-13% uncertainty.




Experimental Program at SNO
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DEAP-3600 Detector

3600 kg argon target (1000 kg
fiducial) in sealed ultraclean
Acrylic Vessel

Vessel 1s “resurfaced” in-situ to
remove deposited Rn daughters
after construction

Large area vacuum deposition
source for TPB wavelength shifter

deposition

255 Hamamatsu
R5912 HQE PMTs 8-inch
(32% QE, 75% coverage)

50 cm light quides +
PE shielding provide neutron
moderation

Detector in 8 m water shield at
SNOLAB



DEAP-3600 Design Parameters and Background Target Levels

Light Yield

Muclear Quenching Factor
Analysis Threshold

Total Argon Mass (Radiug)
Fiducial Mazs (Radius)

Position Rezolution at threshold (conservative, design spec)

Position Rezolution at threshold (ML fitter)

8 photoelectrons per ke,
0.25

15 keV,,, 60 keV,

3600 kg

1000 kg
10 cm

5 cm

Background

Radon in argon

surface a's (tolerance using conservative pos. resolution)
surface a's (tolerance using ML position resolution)

Meutrons (all sources, in fiducial volume)

Bg events, dominated by #=4r

Total Backgrounds

arXiv/1203.0604

< 1.4 nBg/kg

< 0.2 uBg/m?

< 100 uBg/m#*

< 2 pBg'kg

< 2 pBg'kg

< 0.6 events in 3 Tonne-y

Boulay IDM 2012



summary

o DEAP-3600 has good physics sensitivity, 8x10%" cm? (conservative cuts-based
analysis, more sophisticated analysis and Depleted Argon allow enhanced
low mass sensitivity)

o Extensive radiopurnty control and QA program for all components, in particular
all fabrication steps of inner Acrylic Vessel

o Most detector components at SNOLAB in September 2012

o Detector Installation, Assembly and Commissioning until late 2013

#» Technology can be scaled to very large target masses, > 100 tonnes or 108 cm?
Sensitivity. Cumrent focus on DEAP-3600 commissioning, some modest R&D

underway

» Surface contamination easier to mitigate with larger detector (using Position
Reconstruction)

# Larger detector (100's tonnes) will require Depleted Argon




MiniCLEAN Modular Design

*4n coverage to maximize light-yield at threshold ...
- 3D Position Reconstruction
- Particle-ID via Pulse-shape discrimination
* Radon-free assembly ..
* “Cold” design allows both LAr & LNe ...
* No electric fields ... PMTs only active component ...
* Fast signals (t; = 1.6 ps) avoid pulse-pileup in LAr ...

Top Hat

DM-2012
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PHYSICAL REVIEW D 68, 023005 (2003)

Supernova observation via neutrino-nucleus elastic scattering in the CLEAN detector

C. J. Horowitz*
Nuclear Theory Cemter and Department af Physics, Indiana Univerzity, Bloomington, Indiana 47403, USA

K. I. Coakley
National Inztitute of Standards and Techmology, Beulder, Colovado 80305, Uid

D. N. McKinsey
Physics Depariment, Princeton University, Princeton, New Jarsey 08544, US4
(Recerved 5 February 2003; published 28 Juky 2003)

Development of large mass detectors for low-enerzy neumnos and dark matter may allow supemova detec-
fion via neutnno-mmcleus elashic scattermmg. An elastic-scattermg detector could observe a few, or more, events
per ton for a galachic supermova at 10 kpe (3.1 ll:'I'm:l. This large vield, a factor of at least 20 greater than
that for exasting hight-water detectors, anses because of the very large coherent cross sechon and the sensaitivaty
to all lavors of peutnnos and anhneutrmos. An elastic scattenng detector can provide mportant information on
the flux and spectrm of v, and v from supernovae. We consider many detectors and a range of target
material: from *He to “Pb. Monte Carlo simmlations of low-enersy backsrounds are presented for the
hquid-neon-based Crvogeme Low Energy Astrophy=ics with Noble gases detector. The simulated background
15 much smaller than the expected s1gnal from a galache supernova.
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FIG. 3. Dragram of CLEAN.



PHYSICAL EEVIEW D 68, 023005 (2003)
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FIG. 4. Yield for full a 100 ton fiducal mass of CLEAN versus
recoll kinefic energy E. The sohd curve 15 the expected supermova
mgnal asswmmng a distance of 10 kpe and a », temperature TF,:
=8 MeV. The dashed curve assumes .TP==I5- MeV. Finally, the

theck curve 15 the predicted background from the Monte Carlo simom-
lation assuming an obsernvines tme of 10 sec.



Roadmap to MAX

2012 2013 2014 2015 2016 2017 2018 2019 2020
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MAX G3 Detector

Xe 20 ton (10 ton) QAr 70 ton (50 ton)
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MAX G3 Detector (at DUSEL)

MAX Layout in
Homestake 4850ft

Xe OAr
70 ton
20 ton (50 ton)
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Pestome:

Pe3ko Bo3spocwiaa akTUBHOCTb MO
pa3paboTke HU3IKONOPOTrOBLIX
AEeTEeKTOpPOB eCTb HeCOMHeHHoe
CBUAETEeNbCTBO, YTO 34eCb B
TeyeHue bnuxavwmx 5
(makcumym 10) nert 6yner
AOCTUTHYT NMPOPLIB.



XOTUM NN MbL
y4acTBoBaTbH B 3TOU
pabote?



P.S.Barbeau, J.I.Collar, O.Trench

II. A FIRST COHERENT NEUTRINO
DETECTOR

The Low-Background Detector Development group at
the Enrico Fermi Institute has investigated several new
technologies, each in principle capable of meeting the
three goals (energy threshold, background and minimum

detector @ Ie-qmred for a successful measurement of
this mndg, I Ef interaction in a power reactor. In
this paper 2t what iz presently mnalderei
the most promising 3-1“(-: hiz measurement— 1 he
rototype de-aa:nhed he-r Myihits YPeytive Tl of 475
48 st L] [ P ITLET i [LE = A ] i

technology is hmvew:rr readily scalable to ﬂ.masaﬂﬂﬂ ke,
necessary for most of the applications mentioned above,
in the form of a small array of detectors.

7 Jan 2007

cl-ex/0701012v1

arxiv:n



nose level of 270 eV {resulting m a t]&@hcrld
two ! ' would still h%ﬁuﬁcient

for a reactor experiment looking for cgb&-a neutrino

scattering. However, a numhercﬂgﬁ%@gmenta could
in principle reduce this to aoté}re%ol& ~100 eV or even

lower m such a larggf'ﬁl@&ﬂé{oﬁ' which would yield a
comfortable Eign%b'fﬁ%ﬁf@} present purposes.  Since a
large fras:ti@a&f éb@‘ﬁniae fisure 1 the seminal work
of [l%?;’&?;@eﬁ the electronic characteristics of the
fieldeffee Bransistors (JFETs) available 20 years ago, it
seemet] timely to reconsider this approach m the hght

of the most recent technology. A number of possible
Improvements were envisioned:
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®PpoHT umnynesca: 1 OuH — 1 MKcek
P-10, 900 m6ap, D = 37 mm, d = 20 MK
HV = 1800 V, KI'Y = 2x104

[Npwn 3 6ap n HV = 2600 V KI'Y = 2x104
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Popma UMNYNbCa U BOZMOXHOCTD
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O deKT OT IUCKPHUMUHALIUU 110 POPME HUMIIYAbCA.
NMIIyABChI MaAOU aMIIAUTYAbI OT SSFe.

200 IiIir r - r - 1 - 1 1T - T 1T
180 - _
160 - N
140 ] 10 mV cootB 100 eV
120 - u

100 c o
5 Preliminary -

60 - py4uHasi oopaboTka -
40 — -
20 - N
0 44 1 T T -
0 10 20 30 40 50 60 70 80
mV




3aaa4ya Ha 6nuxauwee 6yayulee?
Cosaatb TAKOU AeTeKTop, Ans
KOTOpPOro BHYTPU 3GLUMUTLL
cobcTBeHHBIU Temn cYyeTa B obnactu
ot 30 3B no 1 k3B 6byaer, no
KpauHeUu Mmepe, He BbIlWe
HEeCKONMbKUX AecaTKoB cObbITUU Ha
KM MULIEHU B CYTKM.

970 - 3aaa4a Nell



Hw3koOHOBLIV BAPUAGHT C GKTUBHOU U NaccusHoU (OT
(pnyopecueHUUMn OT Matepuana Kopnyca) 3almTon, LIeHTPanbHBLIM
neTeKTopom ¢ BbIcOkUM KIY u ¢ ApelpoBLIM NPOMeXyTKOM Ans

yBenuyeHua maccol pabodvero rasa npu P=5 atm u 6onee.

R

HV1 HV2

D; =190 mm
D, = 140 mm
d =40 mm

L = 380 MM

UsrotoeneH, B ctaaumu cbopku




UTto caenaHo?

« PaspaboTaHa KoHLEenumsa ra3oBoro

OeTekropa c HMU3kum (MeHee 1 kaB)
MOPOrom.

* I3rotoBNeH n HaxogmuTcd B cTaaumn
cObopKM cam OeTEKTOP.

« Pa3paboTaHa meTtoanka ANCKPpUMUHAL NN
LLIYMOB Mo dpopme nmnynbca.



3aRAIOYEeHHEe

 [a3oBbIn AeTeKTop ¢ HU3KUM (MeHee 1 KaB) noporom
permctpaumm MOHU3UPYHOLLEro N3ny4yeHus - 3aTo XxopoLuas
BO3MOXHOCTb 3a CpaBHUTENIbHO KOPOTKOE BpeMs
(npumepHO 5 neT) caenaTb BeCbMa CYLEeCTBEHHbIU
NnpopbIB B UCcrieaoBaHUM aHTUHEUTPUHO OT PeaKkToOpoOB B
TOM 4yucre, B pernctpaumm KorepeHTHOro paccesiHus
AHTUHENTPUHO Ha SApaxX MULLEHM..

 Hapsigy ¢ Apyrummu nepcnekTMBHbLIMM NoAX04aMM K
peLleH1Io 3TON 3a4a4u, TaKUMM KaK pa3paboTka
KPUOreHHbIX U NONYyNpPOBOAHUKOBLIX AEeTEKTOPOB, a Takxe
3KCNepuMeHTOB C HEUTPUHO OT pacnaga oCTaHOBUBLUUXCS
T-MEe30HOB U MIOOHOB 3TO MOXET cTaTb O4HUM U3 caMbIX
pe3ynbTaTUBHbLIX HanpaBJfieHUN Ha nocneaytowme 5 ner.

« [ns Hac 3Ta 3agayva Tem 6onee ABNSAeTCA
npuBriekaTenbHOW, NOCKoNbKY B Poccun Mbl He
pacnonaraem u, no-BUAUMOMY, YXXe He 6yaemM pacnonaraTb
APYrMMU CUNTbHOTOYHbLIMU UCTOYHUKAMN HEUTPUHO, KpOoMe
KaK siaepHble peakTopbl.



KoHell mepBOH CEPHH




