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(Received 15 October 1973; revised manuscript received 19 November 1973)

If there is a weak neutral current, then the elastic scattering process v + A —v + 4 should
have a sharp coherent forward peak just as ¢ + A —e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 10738 ¢m? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-
coherent nuclear excitation processes v + A —v + A* provide possible tests of the conservation of
the weak neutral current. Because of strong coherent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino
emission in stellar collapse and neutron stars.

this seems to be the starting point... here in Batavia
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Principles and applications of a neutral-current detector
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We study detection of MeV-range neutrinos through elastic scattering on nuclei and identification
of the recoil energy. The very large value of the neutral-current cross section due to coherence indi-
cates a detector would be relatively light and suggests the possibility of a true “neutrino observato
ry.” The recoil energy which must be detected is very small (10--10" eV), however. We examine a
realization in terms of the superconducting-grain idea, which appears, in principle, to be feasible
through extension and extrapolation of currently known techniques. Such a detector could permit
determination of the neutrino energy spectrum and should be insensitive to neutrino oscillations
since it detects all neutrino types. Various applications and tests are discussed, including spallation
sources, reactors, supernovas, and solar and terrestrial neutrinos. A preliminary estimate of the
most difficult backgrounds is attempted.
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a couple of important things to remember...
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not the plan in this case

»Y,_C

-
=

[ %-:“:‘l'.~
. .'I : )

-
- V-




* Window for new physics:

Very important for future Dark Matter searches
Non Standard interactions
Neutrino Anomalous Magnetic Moment

New tool for neutrino experiments (very short baseline
oscillation experiments — low energy)

* Technological applications:
* Neutrinos could be used to monitor reactors
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Nuclear recoil — Ge
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understanding the new physics also important for future dark matter searches... .
R. Harnik et al. (2012)
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To realize this useful feature in our GEMMA spectro- dT 21 E,
meter[14], we use a 1.5 kg HPGe detector with the energy
threshold as low as 3.0 keV. To be sure that there is no +4 Sin2 (9W —2 (1—i— 2 Sin2 (91/1/) Sin2 QW
efficiency cut at this energy, the "hard” trigger threshold
was twice lower (1.5 keV).

Background is suppressed in several steps. First, the dogm _ 7”,2 &
detector is placed inside a cup-like Nal crystal with 14 dT 0 B
cm thick walls surrounded with 5 cm of electrolytic cop-
per and 15 cm of lead. This active and passive shielding
reduces external y-background in the ROI to the level of
~ 2 counts/keV /kg/day. Being located just under reac-
tor #2 of the KNPP (at a distance of 13.9 m from the re-
actor core, which corresponds to the antineutrino flux of
2.7x 10" 7, /cm?/s), detector is well shielded against the
hadronic component of cosmic rays by the reactor body
and technologic equipment (overburden~70 m w.e.). The
muon component is also reduced by a factor of ~10 at
+20° with respect to the vertical and ~3 at 70° — 80°,
but a part of residual muons are captured in massive
shielding and thus produce neutrons which scatter elas-
tically in Ge and give rise to a low-energy background. To

100

pe <29 x 10 up.

FIG. 1: Weak (W) and electromagnetic (EM) cross-sections
calculated for several NMM values.

Current best limit comes from GEMMA (using Ge detector at reactor) 3.2x10-™ pg m,/eV
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eutrino Physics 2015

= = Achieved: Proof of Principl
Detection of Breeding Blankets oof ol Frincinie
“sing Alllillellll'illﬂs » On-going R&D on silicon-based charge

coupled devices (CCDs) shows detector
masses of 17-kg with 20 eV threshold may
be possible in the near future

Bernadette K. Cogswell
Program on Sclence andlGIOEE] Can detect the presence of a breeding
Security, Princeton University blanket at a PFBR-type fast reactor at 95%
confidence level within 90 days using a 36-
Collaborators:

Patrick Huber, VA Tech University kg 28Si CENNS detector with a threshold of

30eV
Talk for AAP 2015 Annual Meeting

Arlington, Virginia

Synergies and Differences between o .
Near-Field Reactor Monitoring Applications & people have been thlnkmg clolll technologlcal

Short Baseline Neutrino Physics applications for a while, maybe we are getting
N. Bowden close now.

December 8, 2015
Applied Antineutrino Physics 2015

LLNL-PRES-680019.

off Lawrence Livermore National Laboratory under contract 3
DE- m.mmm-s‘:umun et vy y y. 14




Sterile neutrino oscillations...

P(E.R) = 1-sin6,ssin*( Am; E

for sterile neutrino mass

\4

Amg~ 1.78 eV?

for 1 MeV neutrinos oscillation scale in the order of 1m

Ricochet

schematic of the e:
ment of coh
r neutrino sour

1gth) mete
igerator suspended from a vibration isolation mount.
bolometer has a mass for a total ac
500 kg. Appropriate passive or active shielding surrounds
igerator. A cylindrical bore in the shield allo

he minimum distance from the source to a bolometer
is assumed to be ~10 cm.

Very short baseline sterile neutrino oscillation
experiment would become possible if we have a
way to detect coherent scattering.

rates +
Bugey
spectr.

~

SBL react
rates only
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great.... but how do we do it?



Two ways to get high flux low energy neutrinos:
Will talk about this.

Low energy, but very

high fluxes possible;
~continuous source good bg
rejection needed

Reactors

High energy, pulsed beam
possible for good background

Stopped pions

(decay at rest) rejection; possible neutron

backgrounds
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COHERENT collaboration @ SNS C@a@‘?“‘

Three possible technologies under consideration

/h‘h
Two-phase LXe ;
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N—_ HPGe PPC

arXiv:1310.0125

Strong program at Spallation Neutron Source with stopped pions.
Larger energy recoils.




The CONNIE Collaboration

Scientific goal:
First detection of neutrino-nucleus
coherent scattering.

Technique:

Measure low energy nuclear recoils
in silicon produced by antineutrinos
generated at nuclear power plant.
Scientific Charge Couple Devices
(CCDs) are used for this purpose
with a threshold of 40 eV.

Collaboration:

_ e
L e Argentina, Brazil, Mexico, Paraguay,
- - Switzerland and USA

COHERENT NEUTRINO NUCLEUS
INTERACTION EXPERIMENT 20 people

19



First CONNIE CoIIaboratlon Meetlng
2 ~2June 12, 2015
*~CBPF, Rio de Janeiro




First CONNIE CoIIaboratlon Meetlng
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*~CBPF, Rio de Janeiro




* Ingredients:

« Strong source of low energy
neutrinos.

» Detector that can see very low
energy nuclear recoils.

 Combine ingredients and wait for

the signal.

22



The detector: CCDs



Precision of the measurement
only depends on the last
bucket!

Janesick







Single pixel distribution

Entries 8428899
Constant 1.12e+05
Mean  -0.005619
Sigma 1.8

10
charge [e]




LBNL large-format totally depleted thick CCDs
(Click on figures to get a big postscript version)
(Updating intermittently in progress. Links to papers should be OK)

2010 LDRD wafer

Steve will supply caption.

L |
)

LBNL's first 4kx4k 15 um pixel CCD (Feb 2007)

e
y ! 150 mm wafer with a 4k x 4 k 15 um pixel CCD, two 2k x 4k 15 um pixel CCDs, and other structures.

Front-illuminated unthinned (650 um thick) picture-frame packaged 4114x4128 15 um pixel CCD in test dewar; 6
inch rule underneath for scale. CCD has 4-corner readout and high substrate voltage capability. Cosmic-ray muon
tracks indidate near depletion at 80 V substrate bias. Preminary measurements show dark current (2e/px/hr) and no
hot or blocked columns.

FIRST LIGHT

First light with the LBNL 200 x 200 pixel (15 um)? prototype CCD. The image of NGC7662 was obtained at the Lick
Observatory 1-m telescope on 1996 July 30 by Richard Stover, Mingzhi Wei, and Steve Holland. This front-
illuminated CCD was 300 um thick and totally depleted.

27



‘Dark Egergy Survey and the .+ *-
- possible thanks to these < -
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to detect IR photons we use long and skinny pixels.

Consequences of thick CCDs on Image Processing

Robert Lupton

29



Robert Lupton

Princeton Universl@%

B CONNIE - 2016 |
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Enabling Technology : thick CCD detectors

3-phase
CCD structure
l Poly gate

elect/rodes coherent elastic scattering
= St

~<—Buried
p channel

e
] (10 kQ-cm)
Photo-
sensitive
é volume g I =

(200—300um)

/A Bias
Transparent ( voltage
rear window (

(a) A CCD pixel
I5 pm
A

|00s of
Hm

DECam detectors are 250um thick and 8 Mpix, 1g per CCD. DAMIC started with this.
DAMIC-100 is now going to 675 um thick and 16 Mpix, 5.2g per CCD. In 2014 installed the

first 675um detectors, provided by LBNL to test the concept. 31




CONNIE 2014-2015 sensor:




CONNIE 2014-2015 sensor

The noise is determined by the capacitance of the output node.
The active pixels are decouples from the readout node!




Particle identification in a CCD image
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~electrons and diffusion limited hits.

Nuclear recoils will produce diffusion limited hits. Neutrinos from reactor are expected to produce
nuclear recoils at a rate of 10,000 per day for each kilogram of detector.
arXiv:1408.3263
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Reconstructed energy / kev
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diffusion limited hits



Recorded track: CCD top view
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Front (data)

------. Front (simulation)

Back (data) Once diffusion is measured, we
Back (simulation) can simulate X-rays and
neutrons on the CCD and
compare with the data.

This is important for our DM
analysis.
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The Source
Angra Il - nuclear power plant
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Usman, S.M, Jocher, GR., Dye, S.T., McDonough, W.F., Learned,
AGM2015: Antineutrino Global Mcp 2015. Scanhﬁc Repom 5 13945 doi: 10.1038/srep13945 (2015)

Angra Nuclear Power plant.

Three reactors. Two operational and one under
construction.

Centro Brasileiro de Pesquisas Fisicas (Rio de
Janeiro) has a agreement with the reactor to
perform neutrino experiments on site. CONNIE is
one of two experiments planned.
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Angra do Rels,
Rio de Janeiro, Brazil.

In steady-state operation, the neutrino flux produced
by the reactor is 1.21 x 10%° 7, /s approximately, and the
flux density at the detector (L = 30 meters from the
core) is 7.8 x 10'? 7, /em? /s. These large numerical values

justify the use of nuclear reactors as neutrino sour:e for
the CONNIE experiment.



. Our Collaborators in Brazil
(CBPF and UFRJ) invited

- " us to try this 30m from the

9% & core Angra-Il power plant.




assuming 529 detector array

Signal vents day (year)

Ein Q=02
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Bkg=8.5 ev/day
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FIG. 8. Energy spectra for events expected in silicon detec-
tors: the nuclear-recoil energy spectrum (—); the spectrum
for detectable events (— —), using the quenching factor from

Lindhand, et al. |28]29].

90 days of running => s/n = 0.92*90/sqrt(8.5*90) = 3

3 sigma detection in 90 days!

30}
25f
20F

15}

R (events/day/kg)

10¢

0.001 0.01 0.1 1 10
Event energy (keV)

FIG. 9. Total number of events as a function of the threshold
energy for different quenching factors: Q =1, Q@ =0.3, Q =
0.2 and @ = 0.17 (black curves). The light-blue curve shows
the total number of events as a function of the maximum
detectable recoil energy using ) = 1.

Moroni et al 2014 arXiv:1405.5761
PRD 2015




TIMELINE

* Detector Shipping August-September 2014
* Detector installation and first data October-November 2014 (10 grams)

* Initial operations supported by experts from FNAL(LDRD) and
UNAM(Mexico)

* Continuous operation now supported by local team (UFRJ + CBPF)
* Full shield assembly completed July 2015 (strike permitting)

» September 2015 - full month with reactor ON

* October 2015 — full month of full reactor OFF

® Future:
* Mid 2016: upgrade to 100g

47



Maracaibo Caracas
(o] o

Venezuela

- . Angra Nuclear Power plant.

Guyana

o Colombia Suriname

STATE OF STATE OF
: RORAIMA AMAPA
Quito : f

o Three reactors. Two operational
and one under construction.

STATE OF PARA

Brazil

Centro Brasileiro de Pesquisas
Fisicas (Rio de Janeiro) has a
agreement with the reactor to

perform neutrino experiments on
e state or S | site.

Nuestra Senora _ N0
de LaPaz" Bolivia

v ) OBelo Horizonte
GROSS( STATE,OF
DO SUL STA OF RIO DE
AO PA ANEIR

STATE OF
RI0O GRANDE

oL CONNIE is one of two experiment
Sa'vgago Uruguay planIIEd-

Buenos Aires

- O o
Argentina Montevideo

48




Equipment shipped from Fermilab to Angra do
Reis in Sept-2014.

4GW reactor at Angra do Reis, Brazil

Kevin Kuk
our boss during
installation.

neutrino experiments, 30 meters from Poly + lead shield, cryogenics, vacuum
core. and DAQ operating on site Oct-2014.



One good reason to visit Rio:

Access to controlled areas without escort (24/7).
Reactor is 4hrs drive from Rio de Janeiro, home of
our collaborators. Bringing equipment requires
paperwork that take 1.5 days.

Operating an experiment at a nuclear plant is not
easy. In Brazil is possible thanks to our local
collaborators. A a lot of support from reactor
staff, and “robust” detector make this possible.

el |
Credencial de Acesso a CNAAA

31/12/2015
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DO Caracas

Guillermo Fernandez-
Moroni Defended his
PhD yesterday.

anama

Venezuela
French Guiana
5 Guyana
calio Colombia Suriname
STATE OF STATE OF
Quito <3

Ecuador

ra_ 1
»a2°  Bolivia

oBelo Horizonte
STATE OF
RIO D

Paraguay

Asuncion

we also shipped
some assembly
tools from Bahia
Blanca
(Argentina)

Argentina
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FINAL shield (July 2015) — strike permitting







Detectors







PPD
Division Management is hands on!

carried a lot of lead and paid for the parts with
his own money!!!
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Detector configuration (November 9%, 2014)

;
|

/
/

Front door of the Cu-Box (CCD
installatioin)




Detector Performance
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changed grounding configuration
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Analysis is still in progress...
Some models of interest compared to events rates similar to
preliminary constraints from CONNIE.

69



1024 102! 10718 1019 10712 10-° 10 103 1

: “_;10—2
Atomic Physics \\ Atomic Physics & K

]
%
)
o0
g .
& ‘g
Q g
° ‘g
o0 1012 Fifth Force 3 10-12
<)
1014 o S A A R A P 10~
B-L Gauge Boson
10—16 10—16
10724 1072 1018 10-15 1012 10~° 1076 1073 1

Gauge boson mass M 4(GeV)




the sensors are already at FNAL
packaging/testing in progress

1 100 :
(iqCCDs, 1g each) (18gCDs, 5.7g each) X1 O In S/ N

2.4e- 1.8e-

100 eV thr = 60 eV thr

0.5 e/pix/hour 0.001 e/pix/day x2 in S/N

5000 dru 40 dru

contaminated AIN x2.2 in SIN (assuming have 1k dru?)

15 days LWICUR) x2.4 in SIN
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SUMMARY

* CONNIE started operations at ANGRA in 2014 with a engineering
prototype. Thanks for all the support to PPD/CD at FNAL!

* CONNIE is science ready, starting to look into a new region of the
parameter space for neutrinos.

 Data shown here is for 1g, operated for about 15 days.

« CONNIE is upgrading to 100g by mid 2016.
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data collected at SNOLAB
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Pa X-rays
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at SNOLAB we saw about 5000 dru from the AIN,
removing this will improve our background.
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Moroni et al 2012

noise [e]
—
o

33 100
210ps 0.7ms 2.1ms

2016 LDRD

Project Title: Development of a ultra low energy threshold particle detector

Principal Investigator: Javier Tiffenberg
Lead Division/Sector/Section:
Co-Investigators (w/institutions):

Dr. Juan Estrada (Fermilab)

Dr. Gustavo Cancelo (Fermilab)

Dr. Christopher Bebek (LBNL)

Dr. Jeremy Mardon (Stanford University)
Prof. Rouven Essig (Stony Brook)

Dr. Chiu-Tien Yu (Stony Brook)

Dr. Tomer Volansky (Tel Aviv University)

~1e could be possible in the future

1000 N [samples]
21ms read time [s]
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IG. 9. Total number of events as a function of the threshold
energy for different quenching factors: Q =1, Q = 0.3, Q =
0.2 and Q = 0.17 (black curves). The light-blue curve shows
he total number of events as a function of the maximum
detectable recoil energy using ) = 1.







Detector configuration (November 9%, 2014)
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other reactor experiments exists, the bigger activity here is with Germanium detectors

TABLE I: Summary table of the operation and performance parameters of the various Ge detectors adopted in this study.

Items HPGe

ULEGe

pPCGe

nPCGe

Modular Mass (g) 1000
RESET Amplitude (V) N/A T
RESET Time Interval (ms) N/A T
Pedestal Noise
Amplitude RMS o4 (eV) 812
Charge(Energy) RMS og (eV) 840
Pulser Width
FWHM (eV) 1566
RMS (eV) 665
Gamma Line Width Ga-K X-Ray
RMS (eV) 910
Selected Trigger Level A (04) 3.58
50% Trigger Efficiency (eV) 3500
Trigger Rate (Hz) 60
50% Selection Efficiency (eV) 4200
Noise Edge “NoEd” (eV) 5000

)
8.0
700

15
38

80
34

55Fe

78
4.3
80
)
220
320

500
6.8
160

41
58

110
47
Ga-K X-Ray

110
3.86

180

25

275

350

500
6.8
170

49
52

133
57
Ga-K X-Ray

134
3.73

200

36

300

350

T Resistance feedback preamplifier is used in HPGe, so that the RESET timing structures are not-applicable (N/A).

threshold ar about one order of magnitude larger than what we can do with CCDs.

(table from Texono Collaboration).




