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Coherent	Neutrino-nuclear	Scattering
Ø Coherent condition:

λ = h/q ≥ R E ~ q  ≤ hc/R ≈ O(10) MeV Plank constant ℏ𝑐=200MeV·fm; 
Nucleus radius R=10fm

𝜈 + 𝐴 → 𝜈 + 𝐴
exchange of  neutral Z bosons

a sufficiently small momentum exchange (q) 

Ø Cross section of CEvNS

2
22

F
2

SM
0νA N

4π
E G

M
Eσσ =»

3



Coherent	Neutrino-nuclear	Scattering
Ø Challenges:

① ν-source: high intensive flux with low-energy E < 100MeV

② nuclei:  heavier for large N vs.  lower recoil energy T ~ keV, even eV

③ detector: very-low-threshold Ethres ~ tens eV vs. background control 

Astrophysical Reactor Fixed target
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Low threshold, low background, high energy resolution, high sensitivity

Ø Fruitful physics 
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ü 1 MW pulsed (60 Hz, 700ns) proton beam (1 GeV)

ü ν from stopped π/µ-DAR à E(νi) < 50MeV

ü Background suppression by 10µs beam timing window

ü “ν-alley” deployed 20-30m from target

Ø Spallation Neutron Source (SNS) @ Oak Ridge

Ø Detector: 14.6kg of CsI(Na) 

ü Flux ~ 107 ν/cm2/s/flavor

ü Background: n-induced ν (NIN) in Pb-shield

The	COHERENT	Experiment
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The	COHERENT	Experiment

Significance: 6.7-sigma confidence level
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Proposed reactor CEvNS experiments

[ Y.F.Li talk @ USTC ]

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.
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Photons

Neutral	particle

Charged	particle

• ~90%	∆𝐸 convert	to	phonons,	Heat	signal

• <10%	∆𝐸 convert	to	electron-ion	(hole)	pairs,	
or	scintillation fluorescence

Particle detector based on phonon or quasi-particle detection

Heat sink

Sensor

Absorber

𝜈)*

Weak thermal link

Recoil nuclei

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

Ø Bolometer components 

~20 mK

• Absorber: particle energy deposition in the absorber;

• Sensor: measure the temperature increase of the

absorber, good connection and conduction coefficient

between absorber and sensor;

• Heat sink

Principles	of	Cryogenic	Detector

∆𝑇 =
∆𝐸
𝐶
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①Wide 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

Ø Properties of bolometers

∆𝑇 =
∆𝐸
𝐶 ⇒ ∆𝑉

T

t

∆𝑇 𝜏 =
𝐶
𝐺

Neutrino	2018	Andrea	Giulian
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Material Molar mass [g] 𝚯𝑫 [K] C [𝑱𝐊6𝟏𝐓𝟑] Num N Tmax(eV)

Ge 73 374 𝟓. 𝟏×𝟏𝟎6𝟕 ~41 265
Zn 65.4 327 𝟖. 𝟓×𝟏𝟎6𝟕 ~35 295

𝐴𝑙A𝑂C 101.9 1041 𝟏. 𝟕×𝟏𝟎6𝟖 - -
𝐂𝐚𝐖𝑶𝟒 287.9 335 𝟏. 𝟖×𝟏𝟎6𝟕 - -

Pb 207.2 105 𝟖. 𝟏×𝟏𝟎6𝟔 ~125 93
W 183.84 400 𝟏. 𝟕×𝟏𝟎6𝟕 ~110 105

PbWO4 455.04 237 𝟑. 𝟐×𝟏𝟎6𝟕 - -

Absorber
Heat capacity as :

𝐶 𝑇 = 𝛽
𝑚
𝑀 (

𝑇
ΘP
)C

Where 𝛽 = 1944	J𝐾6X𝑚𝑜𝑙6X, 𝑚 is the absorber mass, and M is the molecular weight, ΘP is 
the Debye temperature.

*	m=1g;	Ev=3MeV
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Absorber
Material Mass

(g)
Cube	Size
(mm)

C (T=10mK)
(J/K)

∆T(∆E=20	eV)	
𝝁𝑲

∆T(∆E=100	eV)	
𝝁𝑲

W
19.35	𝑔/𝑐𝑚C

0.5 3.0 8.26×106Xf 38.74 193.70
0.8 3.5 1.32×106XC 24.24 121.21
1.0 3.7 1.65×106XC 19.39 96.97
2.42 5.0 4.00×106XC 7.99 40.00

CaWO4
~6	𝑔/𝑐𝑚C

0.5 4.4 8.98×106Xf 35.63 178.17
0.8 5.1 1.44×106XC 22.27 111.36
1.0 5.5 1.80×106XC 17.81 89.08
0.75 5.0 1.35×106XC 23.75 118.78

PbWO4
8.28	𝑔/𝑐𝑚C

0.5 3.9 1.60×106XC 20.00 100.00
0.8 4.6 2.57×106XC 12.45 62.25
1.0 5.0 3.21×106XC 9.97 49.84
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Sensors	
Ø TES (Transition-edge Sensor)

• 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.

Super	–
conducting

Normal	conducting
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Sensors	
Ø Multiple TES samples in USTC, fabricated in Nano Fab.

Prof.	Zhou	Xingxiang’s group

Development	of	superconductor	transition-edge	sensors
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Cryogenic	System

Work	bench

Chair	

Fixed	
refrigerator	

2.5-3m

Electronics
(clean room)

Pump room

Dustproof curtain

Door

Chair	

Schematic diagram of the laboratory layout

Door

Detector

A schematic view of the WO4-based 
experiment arrangement 

Dilution	Refrigerator:
1) Stability	better	than	0.01mK
2) Cool	down	to	around	10mK
3) Few	𝜇w	@10mK
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Cryogenic	System
~8mK	Dilution refrigerator in	USTC Easy	connection	with	mK Plate

Electronic	connection	with	pins	

Bolometer	test



17

Event	Estimation	

𝑋 → 𝑌lmX
n + 𝑒6 + �̅�)l

nReactor neutrino source



Total	cross	section	of	CEvNS:

𝐸r nucleus	recoil	energy;	𝐸s neutrino	energy;
Fermi	coupling	constant,	𝐺t = 1.166364×106u	𝐺𝑒𝑉A ;	ℏ𝑐 = 1;	
Weak	mixing	angle	𝜃w, 1 − 4sinA 𝜃w = 0.0454; Z=74; N=110;
Mass	of	W,	𝑚} = 1.715×10u	𝑀𝑒𝑉；Nucleus	form	factors	𝑓(𝑞) =1

Event	Estimation	

𝑑𝜎(𝐸s, 𝐸r)
𝑑𝐸r

=
𝜎���

𝑚}
(1 −

𝐸r𝑚}

2𝐸sA
)

Rewritten as:

and,
𝜎��� =

𝐺tA𝑚}
A 𝑓 𝑞 A

4𝜋 ℏ𝑐 f ( 4 sinA 𝜃w − 1 � 𝑍 + 𝑁)A



Event	Estimation	Results	

Total	counting	rate	using	CaWO4 bolometers	with	conditions:
• reactor powerWth =	4.6	GW

• the	distance	between	detector	and	reactor core L	=	30	m

• low threshold Eth	=	10eV

• the	mass	of	each	CWO	crystal	m=1g

𝑇𝑜𝑡𝑎𝑙	𝐸𝑣𝑒𝑛𝑡 = 0.16/𝑑𝑎𝑦
𝑇𝑜𝑡𝑎𝑙	𝐸𝑣𝑒𝑛𝑡 = 1.46/𝑎𝑟𝑟𝑎𝑦 � 𝑑𝑎𝑦
1	𝑎𝑟𝑟𝑎𝑦 = 3×3 CWO	crystals

Thank	Prof.	Li	Yufeng for	doing	cross	check



Detector	Construction	

Target	CWO	crystal	(5mm	cubic)

Inner	veto	system(200um	thickness	Si)

Outer	veto	system(10	cm	diameter	CWO)

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

Simulation	

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



Outer	veto	system
(10	cm	diameter	CWO)

Target	CWO	crystal
(5mm	cubic)

Inner	veto	system
(200um	thickness	Si)

Detector	Construction	



Background	Sources
Ø From	target	CWO	itself,	like	beta/gamma	decay	from	U/Th chains.	

Ø From	detector	materials,	like	inner	veto	system,	supporting	structure.

Ø From	surroundings,	neutrons,	muons.	

Background	Simulation	



Plans	&	Summary

Plans:
ØDetector	simulation	work	
ØCrystal	coating with	TES	film	test	
ØReadout	electronic	system

Summary:
Ø Coherent	neutrino-nucleus	scattering	is	highly	interesting

Ø Bolometers-based	CEvNS research:
Ø Ultralow	energy	thresholds	down	to	the	10eV	regime;

Ø Encapsulation	of	the	small	calorimeters	by	cryogenic	veto	detectors

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



Plans	&	Summary

Plans:
ØDetector	simulation	work	
ØCrystal	coating with	TES	film	test	
ØReadout	electronic	system

Summary:
Ø Coherent	neutrino-nucleus	scattering	is	highly	interesting

Ø Bolometers-based	CEvNS research:
Ø Ultralow	energy	thresholds	down	to	the	10eV	regime;

Ø Encapsulation	of	the	small	calorimeters	by	cryogenic	veto	detectors

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

Thank you 
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Backup slides



Neutrino source

• Neutrinos at SNS are a result 
of  the decay of  pions and 
muons created in a mercury 
target by a pulsed (~1GeV) 
proton beam.

• 60hz of  ~1 𝜇𝑠-wide (Proton-
on-target) POT spills.

• Approximately 5×10A� POT 
are delivered per day.

• This allows us to isolate the 
steady-state environmental 
backgrounds from 10 
~𝜇𝑠	windows.

Neutrino energy range ~[16, 53]MeV.

26



27

反应堆中微子与物质相互作用

1. 被氢核（即质⼦）俘获，⽣成⼀个电⼦和⼀
个中⼦，称为反贝塔衰变反应（IBD），这
是最常用的探测⽅式；

2. 在电⼦上散射，她的反应⼏率比IBD小⼏倍，
⽽且很难和本底分开，只有少数⼏个实验采
用，测量中微⼦磁矩；

3. 在原⼦核内的核⼦上散射，她不仅反映⼏率
小，⽽且由于原⼦核很重，就像⼀个乒乓球
（中微⼦）撞上铅球（原⼦核）⼀样，铅球
⼏乎得不到能量，因此极难探测，没有⼈用。

4. 对于低能中微⼦，有可能发⽣⼀种相⼲散射
过程，与3相似，但中微⼦⼀次不是跟⼀个核
⼦，⽽是跟原⼦核内的所有的核⼦发⽣散射。
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Nucleus – absorber
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Interaction – detection 
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