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> Motivation

» Coherent neutrino-nuclear scattering

» The COHERENT Experiment

» Experiments overview

» Tungstate-based Cryogenic Detector
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Coherent Neutrino-nuclear Scattering

> Coherent condition:

A=h/q=R —=

E~q <hc/R = O(10) MeV

a sufficiently small momentum exchange (q)

» Cross section of CEVNS

Cross-section (10 ¢m?)
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Coherent Neutrino-nuclear Scattering

» Challenges:

(1) v-source: high intensive flux with low-energy E < 100MeV
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(2) nuclei: heavier for large N vs. lower recoil energy T ~ keV, even eV

T 2E” 2E <0O(10) keV 1 M
N X — nucieus mass
me ¥ M+ oE - M SO ke

(3) detector: very-low-threshold E,, .. ~ tens eV vs. background control

Low threshold, low background, high energy resolution, high sensitivity

» Fruitful physics



The COHERENT Experiment

» Spallation Neutron Source (SNS) @ Oak Ridge

v" 1 MW pulsed (60 Hz, 700ns) proton beam (1 GeV)
v' v from stopped n/u-DAR = E(v,) < 50MeV
v" Background suppression by 10us beam timing window

v’ “v-alley” deployed 20-30m from target

» Detector: 14.6kg of CsI(Na)

v Flux ~ 107 v/cm?2/s/flavor

v Background: n-induced v (NIN) in Pb-shield

N\~ Hg TARGET
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The COHERENT Experiment
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Proposed reactor CEVNS experiments

The importance of this process has generated a broad array of proposals for potential CEVNS

detectors: superconducting devices, cryogenic detectors, modified semiconductors, noble
liquids, and inorganic scintillators, among others.

Experiment Technology Location
CONUS HPGe Germany
Ricochet Ge, Zn bolometers France
CONNIE Si CCDs Brazil

RED LXe dual phase Russia
Nu-Cleus Cryogenic CawoO, , Europe
Al,O, calorimeter
array
MINER Ge iZIP detectors USA

Novel low-background, low-threshold technologies

[ Y.F.Li talk @ USTC ]



Principles of Cryogenic Detector

» LTD (Low Temperature Detector) or CPD (Cryogenic Particle Detector)

Particle detector based on phonon or quasi-particle detection

Photons

v

e ~90% AE convert to phonons, Heat signal
Neutral particle

e <10% AE convert to electron-ion (hole) pairs,

Charged particle .. i
ged P > or scintillation fluorescence

_ AE Ve

» Bolometer components I

AT

: . I
» Absorber: particle energy deposition in the absorber; . Senso

Recoil nuclei

Absorber

: I
e Sensor: measure the temperature increase of the,

absorber, good connection and conduction coefﬁcient!
| Weak thermal link
between absorber and sensor; ~20 mK

e Heat sink



» Properties of bolometers
(1) Wide choice of different absorber material
(2) High energy resolution FWHM (0.3%@2615keV)
(3) Low energy threshold for particle detection

(4) Particle identification capability in hybrid measurements of heat-light (ionization) energies

electro-thermal
W { link G

AE

thermometer

AT - AV AT = — = AV
C
.\ : .
- & \ particle absorber
‘ E—- AT
The absorber allows conversion from T

energy to heat (phonons)

For semi-conductors and
superconductors, only lattice vibrations
contribute to thermal capacitance (C ~ T°)

Small detectors & low temperatures

lower thresholds t

Neutrino 2018 Andrea Giulian



Heat capacity as :

C(T)=/3 (G- )3

Where f = 1944 JK 'mol™!, m is the absorber mass, and M is the molecular weight, ©, is
the Debye temperature.

Material | Molar mass [g] | Op [K] C [JK1T3] Num N T, ..(eV)
Ge 73 374 5.1x1077 ~41 265
Zn 65.4 327 8.5x107" ~35 295

Al,04 101.9 1041 1.7x1078 - .

Cawo, 287.9 335 1.8x1077 - -
Pb 207.2 105 8.1x10°° ~125 93
W 183.84 400 1.7x1077 ~110 105

PbWO, 455.04 237 3.2x1077 - -

* m=1g; Ev=3MeV
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Material Mass CubeSize C(T=10mK) AT(AE=20eV) AT(AE=100eV)
(g) (mm) (J/K) uK UK
0.5 3.0 8.26x10714 38.74 193.70
W 0.8 3.5 1.32x10°13 24.24 121.21
19.35 g/cm?3
1.0 3.7 1.65x10713 19.39 96.97
2.42 5.0 4.00x10°13 7.99 40.00
0.5 4.4 8.98x10°14 35.63 178.17
cawo, 08 5.1 1.44x107%3 22.27 111.36
~6 g/cm’® 1.0 5.5 1.80%x10°13 17.81 89.08
0.75 5.0 1.35x10°13 23.75 118.78
3.9 1.60x10713 20.00 100.00
PbWO,
828 g/cm® 0.8 4.6 2.57x10713 12.45 62.25
1.0 5.0 3.21x10713 9.97 49.84
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Material Mass CubeSize C(T=10mK) AT(AE=20eV) AT(AE=100eV)

(g) (mm) (J/K) uK uK
0.5 3.0 8.26x10714 38.74 193.70
W o 8 3.5 1.32x10°13 24.24 121.21
19.35 g/cm?3
PHWO, 96.97
: | 40.00
Q‘m | ) = 178.17
CaWO e 111. 36

~6.g/em’ //////////////// IIIIIHH|||||||H\\\\\\ IR 80.08

9 10 411878
WO 1 100.00
828 g/om? 0.8 4.6 2.57%10713 12.45 62.25

1.0 5.0 3.21x10713 9.97 49.84
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» TES (Transition-edge Sensor)
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Temperature [mK]

* Small changes in temperature can be captured by TES, which allow great sensitivity to
small temperature depositions;

* Readout of TES done using SQUID amplifiers, quantum-limited magnetometers, ideal for
small currents;

* Golden wire bonding ;

* Now, using TES can get the low threshold ~15 eV.
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» Multiple TES samples in USTC, fabricated in Nano Fab.
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Development of superconductor transition-edge sensors



Cryogenic System

Dilution Refrigerator:

1) Stability better than 0.01mK

‘2) Cool down to around 10mK gyermal
'3)

Few UW @10mK Pb shield
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Detector/ |

A schematic view of the WO4-based

experiment arrangement

Electronics
(clean room)

Pump roo

Dustproof curtain

— |

Fixed
refrigerator

Schematic diagram of the laboratory layout
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Cryogenic System

~8mK Dilution refrlgerator in USTC Easy connection with mK Plate
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Event Estimation

Reactor neutrino source éX — Z+I:LllY +e + 1,

neutrino flux (cm?keV's)
© |l||m| |||||'|'1 ||||m1 |||||T|] |||||'|'1 ||||T|T1 ||||Hl]_1TI'ITrr1 T, TTIT]

—

2 4 6 8 10 12 14
neutrino energy (MeV)
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Event Estimation

Total cross section of CEVNS:
do &
dEr  8m(hc)*

“MN - (2 = ERmN/E3)|f(Q)|2

((4sin®w — 1) - Z + N)’

Rewritten as:

R"t'N
— (1
dER Mmy ( ZEE )
and 2.2 2
’ Gemy|f (q)l .
SM _ “F°"N 2 . ) 2
gy = (hic) ((4sin“ 0y, —1)-Z+N)

ER nucleus recoil energy; E,, neutrino energy;

Fermi coupling constant, G = 1.166364x107° GeV? ; hc = 1;
Weak mixing angle 8y, 1 — 4sin? 8y, = 0.0454; Z=74; N=110;
Mass of W, my = 1.715%10° MeV ; Nucleus form factors f(q) =1



Event Estimation Results

Total counting rate using CaWO, bolometers with conditions:
* reactor power Wth = 4.6 GW

 the distance between detector and reactor coreL=30 m

e |ow threshold Eth = 10eV

* the mass of each CWO crystal m=1g

Total Event = 0.16/day X

Total Event = 1.46/array - day “.
1 array = 3X3 CWO crystals

Thank Prof. Li Yufeng for doing cross check

#
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Detector Construction

— Outer veto system(10 cm diameter CWO)

\ 4

Target CWO crystal (5mm cubic)

A 4

Inner veto system(200um thickness Si)

1. Target crystal CWO with an extremely low threshold of O (< 10eV)
2. Inner veto as a 4 m active veto against surface beta and alpha decays
3. Massive outer veto against external gamma/neutron radiation

The v-cleus experiment: A gram-scale fiducial-volume cryogenic detector for the first detection of coherent neutrino-nucleus scattering



Detector Construction

Outer veto system
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Background Simulation

Background Sources
» From target CWO itself, like beta/gamma decay from U/Th chains.
» From detector materials, like inner veto system, supporting structure.

» From surroundings, neutrons, muons.




Plans & Summary

Plans:

» Detector simulation work
» Crystal coating with TES film test
» Readout electronic system

Summary:
» Coherent neutrino-nucleus scattering is highly interesting

> Bolometers-based CEVNS research:

» Ultralow energy thresholds down to the 10eV regime;
» Encapsulation of the small calorimeters by cryogenic veto detectors

» Ability to operate the detectors above ground in a high-rate environment



Plans & Summary

Plans:

» Detector simulation work
» Crystal coating with TES film test
» Readout electronic system

Summary:
» Coherent neutrino-nucleus scattering is highly interesting

> Bolometers-based CEVNS research:

» Ultralow energy thresholds down to the 10eV regime;
» Encapsulation of the small calorimeters by cryogenic veto detectors

» Ability to operate the detectors above ground in a high-rate environment

Thanle you
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Neutrino source

Neutrinos at SNS are a result
of the decay of pions and

muon§b createcli 1rC11 % n}%c%fr)y Caplure
target a pulsed (~1Ge _ ~99%
progton catn. eockpaios o ®
60hz of ~1 us-wide (Proton- = — Decays at rest
on-target) POT spills(. p =LEL, (I8 TR2218

) 20 ~N . _— 00— 0
Approximately 5x10<" POT wt \
are delivered per day. e \ \ o
This allows us to isolate the Vi

steady-state environmental Va
backgrounds from 10
~us windows.

Neutrino energy range ~[16, 53]MeV.
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Interaction — detection

deA _MT
M Glz:M n 2 p 2\12 GzM ) GzM 5
o) = = —[Qy NE(q) - Q) ZR@)F = T =[N-Q} Z'~ I =N
2 4n 4n
RIB LR AT, THEWEE $ 0< 10 < L AIRMEHEET 1 0<T <2

Mg,(A= —71.298) = 73x931.45 + A({3Ge) = 67924.55MeV; Tgomarx(E, = 3MeV) = 265eV

My, (A=— —88.795) = 96Xx931.45 + A(3$Mo) = 89330.405MeV; Tgomar(E, = 3MeV) = 201.5¢V

My, (A= —45.705) = 184x931.45 + A(*84W) = 171341.10MeV; T pmax (E, = 3MeV) = 105.1eV

Mpp, (A= —22.452) = 207x931.45 + A(2IPb) = 192787.70MeV; Tsomax (Ey = 3MeV) = 93.3eV
My, (A= —66.000) = 64x931.45 + A(82Zn) = 59546.8 MeV; Toomax (E, = 3MeV) = 302.2¢V

Mcy(A= —90.018) = 114%x931.45 + A(113Cd) = 106095.28 MeV; Tgomax (Ey = 3MeV) = 169.7eV
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Different
Approaches to

Detection HEAT
Phownowns
(me.\l/Pk)

100% e_y\e_rsv

Scintillation
(1 keV/Y)
few % of energy

“CHARGE” “LIGHT”
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° Lei den : WWW.LEIDENCRYOGENICS.COM
LEIDEN CRYOGENICS BV
Leader in Low Temperam!e Techniques
iif
| o i &
CF-DR Models Tmin (mK) Q@100mK (uW) Q @120mK (uW)
CF-2500 Maglev* <8 1800 2500
CF-2000 Maglev <8 1400 2000
CF-1400 Maglev <8 1000 1400
CF-1000 Maglev <8 700 1000

*in development
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* Bluefors
LD Series
BF-XLD400 BF-XLD1000
Cooling power @ 20 mK 15 W 18 W Cooling power @ 20 mK 30 pW 34w
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+ Oxford Instraments

n Triton

Cryofree®

| | With DU7-500 dilution unit | With DU7-300 dilution unit |

Base T: 8 mK typical, < 10 mK guaranteed 8 mK typical, < 10 mK guaranteed
At 100 mK: 500 pW typical, 450 yW guaranteed 300 pW typical, 250 yW guaranteed
At 20 mK: 15 pW typical, 12 pW guaranteed 10 pW typical, 8 pW guaranteed

NEW cooling power
where you need it

TritonXL :

3mK typical, <4mK guaranteed

1 OOOInW@ 1 O o Fast sample change and

25mW@20mK : 4
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