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for the discovery of 
neutrino oscillations, 
w h i c h s h o w s t h a t 
neutrinos  have  mass  
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PMNS today 
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PMNS today 




Reactor	Antineutrino	Experiments	with	1-2	km	baselines		
are	sensitive	to	θ13	,		

but	have	significant	neutrino	flux	normalization	uncertainty		

Isotope	fission	rates	vs.	reactor	burn-up		



Absolute	Reactor	Flux:	
Largest	uncertainty	in	previous		

measurements	

Relative	Measurement:	
	Multiple	detectors	removes	absolute	
uncertainty	

First	proposed	by	L.	A.	Mikaelyan	et	al.,	Phys.	Atomic	Nucl.	63	1002	(2000)	
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Измерение угла смешивания θ13  
в эксперименте Daya Bay
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Breakthrough	of	the	Year,	2012,	by	Science	Magazine		
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Современный статус измерения угла 
смешивания θ13  
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Предложения по измерению иерархии масс
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Использование эффекта вещества
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Strategy:�

MH	Discriminator:	

Ø  Baseline	opBmizaBon:	!"±$.! !"		

Ø  Excellent	energy	resoluBon:	"%/√#[$%&]�

•  Reactor	power:	36	GW	
•  6	years	data	with	20	kt	LS	
•  Energy	resoluZon:	3%		
•  Detector	eff.	:73%�

If not, the MH signal practically 
disappears!

���

The	spectral	distorBon	contains	the	MH	
informaBon.�
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JUNO	CollaboraBon�
Armenia Yerevan Physics Institute
Belgium Université libre de Bruxelles

Brazil PUC
Brazil UEL
Chile PCUC
Chile UTFSM

China BISEE
China Beijing Normal U.
China CAGS
China ChongQing University
China CIAE
China DGUT
China ECUST
China Guangxi U.
China Harbin Institute of Technology
China IHEP
China Jilin U.
China Jinan U.
China Nanjing U.

China Nankai U.
China NCEPU
China Pekin U.
China Shandong U.
China Shanghai JT U.
China Sichuan U.
China IMP-CAS
China SYSU
China Tsinghua U.
China UCAS
China USTC
China U. of South China
China Wu Yi U.
China Wuhan U.
China Xi'an JT U.
China Xiamen University
China NUDT
Czech R. Charles U. Prague

Finland University of Oulu
France APC Paris
France CENBG Bordeaux 
France CPPM Marseille
France IPHC Strasbourg
France LLR Palaiseau
France Subatech Nantes

Germany ZEA FZ Julich
Germany RWTH Aachen U.
Germany TUM
Germany U. Hamburg
Germany IKP FZ Jülich
Germany U. Mainz
Germany U. Tuebingen

Italy INFN Catania
Italy INFN di Frascati
Italy INFN-Ferrara

Italy INFN-Milano
Italy INFN-Milano Bicocca
Italy INFN-Padova
Italy INFN-Perugia
Italy INFN-Roma 3

Pakistan PINSTECH (PAEC)
Russia INR Moscow
Russia JINR
Russia MSU

Slovakia FMPICU
Taiwan National Chiao-Tung U.
Taiwan National Taiwan U.
Taiwan National United U.

Thailand SUT
Thailand NARIT
Thailand PPRLCU

USA UMD1
USA UMD2

Observers	
1.  Department	of	Physics,	Jyvaskyla	University,	Finland	
2.  InsZtute	of	Electronics	and	Computer	Science,	Riga,	Latvia�

71	insBtuBons,	~500	collaborators�
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LocaBon�
Ø  Civil	construcZon	for	underground	site	started	early	2015	

•  Powerful source: Yangjiang and Taishan power plants 
26.6 GWth in 2020, later 35.7 GWth 

•  Ideal baseline: 53 km
•  Shielding: 700 m underground	
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Neutrino	DetecBon�

•  Prompt	signal:	annihilaZon	process	
•  Delayed	signal:	neutron	capture	
•  Prompt	+	Delayed	coincidence	signal	provides	IBD	signal�

���
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�AS: ID35.4m 

�SSLS: ID40.1m 

H
44

m
 

�D43.5m 

CalibraBon	system�

Central	detector	
(CD)	•  20	kton	Liquid	Scin*llator	(LS)		

•  OpZcal	separaZon:	Acrylic	sphere	(AS)	
•  Stainless	Steel	La~ced	Shell	(SSLS)	
•  PMTs:	~75%	coverage	with	18k	20''	PMTs		

	+	25k	3''	PMTs	

Experimental	Layout�

Veto	System	
•  Top	tracker	(Solid	scinZllator)	
•  Water	Cherenkov	veto	pool		
				with	2k	20”	PMTs		

�	�
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Central detector (CD)�
ü  ~260	acrylic	panels	of	12	cm	thickness	
ü  Total	weight:	~600	t	of	acrylic	and	~600	t	of	steel	
ü  The	problems	of	shrinkage	and	shape	variaZon	were	resolved	
ü  The	radioacZvity	level	of	panels	were	checked	and	under	control	

Ø  Acrylic	Sphere	+	Stainless	Steel	LaUced	Shell	

Acrylic	panel	
(3m	X	8m	X	0.12	m) 

Bonding	machine 

Node	test 
�AS: ID35.4m 

�SSLS: ID40.1m 

�
�
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n  Requirements	for	JUNO	LS	
•  Lower	background	for	physics:		

238U<10-15g/g,	232Th<10-15g/g,	40K<10-17g/g	
•  High	light	yield:	~1200	p.e./MeV	
concentraZon	of	flour	need	to	be	opZmized		

•  Long	aèenuaZon	length:	>20m@430nm	

Central detector (CD)�

•  PPO:	2,5-Diphenyloxazole	
•  Bis-MSB:	1,4-di-(2-methylstyryl)benzene,		

p-bis(o-methylstyryl)benzene	
•  LAB:	linear	alkyl	benzene	

n  Preliminary	LS	recipe	(based	on	DYB	experiment)	
20	kt	LS	:				3	g/l	PPO		

+15	mg/l	bis-MSB		
+		LAB	 ……………	Solvent�

…………..		Scin*lla*on	flour�
…..	Wavelength-shiAer�

Ø LS	in	acrylic	(35.4	m	diam.)	

Study	of	JUNO	liquid	scinZllator	
with	one	of	Daya	Bay	detector� ���
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Ø Two	independent	Double	Calorimetry	System:	LPMT+SPMT	
Central detector (CD)�

n  Requirements		
•  High	opZcal	coverage	
•  High	photon	detecZon	efficiency	
•  Acceptable	noise/radio	purity	levels	
•  Acceptable	Zme	resoluZon	
•  Broad	dynamic	range	

20”	PMT		
(LPMT)�

3”	PMT		
(SPMT)�

Number� 18k� 25k�

Coverage� 75%� 3%�

Energy	resoluZon	
(StochasZc	term)� 3%@1	MeV� 14%@1	MeV�

p.e.	resoluZon� Worse	
(slower)�

Beèer	
(faster)�

Dark	noise� high� low�

SPMTs	are	in	the	gap	between	LPMTs�

���



Jiangmen Underground Neutrino Observatory  

Central detector (CD)�

ROV�

ACU�

Ø CalibraBon	system	

n  Four	complementary	calibraBon	systems	
•  1D:	AutomaZc	CalibraZon	Unit	(ACU)	

→	central	axis	scan	
•  2D:	Cable	Loop	System	(CLS)	

→	scan	verZcal	planes	
Guide	Tube	CalibraZon	System	(GTCS)	
→	CD	outer	surface	scan	

•  3D:	Remotely	Operated	under-LS	Vehicle	(ROV)	
→	whole	detector	scan	

n  The	challenge:	
•  Overall	energy	resoluZon:	≤	3%	/	Sqrt(E)	
•  Energy	scale	uncertainty:	<1%	

���
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Ø Goals	of	veto	
•  Fast	neutron	background	rejecZon	
•  Help	muon	tracking	and	cosmogenic	isotopes	
study	

•  Gamma	background	passive	shielding	
•  Earth	magneZc	field	shielding	

Ø Top	tracker		
•  Using	the	OPERA’s	Target	Tracker	

(plasZc	scinZllator,	49m2/module)	
-  Three	layers	to	ensure	good	muon	tracking		
-  ParZal	coverage	due	to	available	modules	

•  Cover	half	of	the	top	area	

Veto	System�
H

44
m

 

�D43.5m ���
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n  Mechanical	structure	
–  A	“bird	cage”	structure	was	designed	for	support	

veto	PMTs,	tyvek	films,	cables	and	water	pipes.	

n  Earth	magneZc	field	(EMF)	shielding	system	
–  Use	double	coils	system	for	EMF	shielding 	
–  The	theoreZcally	calculaZon	and	prototype	data	are	

consist	with	each	other.	It’s	a	good	validaZon	for	
compensaZon	coils	design	of		JUNO.	

Veto	System�
Ø Water	cherenkov	detector	

•  ~2000	20”	PMT	
•  35	kton	ultrapure	water	with	a	circulaZon	system		
•  Detector	efficiency	is	expected	to	be	>	95%	
•  Fast	neutron	background	~0.1/day.	

���
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Signal	and	background	in	JUNO		
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JUNO	at	JINR	and	MSU		
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JUNO	at	JINR	and	MSU		
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JUNO	at	JINR	and	MSU	

�	�

JUNO	HV	Unit	design	and	producZon		
is	the	JINR	responsibility.		

But	 this	 work	 is	 performed	 in	 collaboraZon	
with	with	MSU	(and	MARATHON)		

A.S.Chepurnov	et	al.	
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JUNO	at	JINR:	Top	Tracker		

�
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JUNO	at	JINR:	PMT	tests	

���

Test	of	20’000	(5’000	Hamamatsu	and	15’000	NNVT)	20”	PMTs	
are	performed	at	a	special	facility	in	China,		
for	which:			
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JUNO	at	JINR:	PMT	tests		
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JUNO	at	JINR:	PMT	sensiBvity	to	EMF	

���
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JUNO	at	JINR:	Sodware	and	Physics		
Already	at	Daya	Bay	Experiment	the	JINR:		
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JUNO	at	JINR:	Sodware	and	Physics		

GNA	 is	 a	 good	 framework	 for	 extension	 of	 the	 JINR	 and	MSU	
collaboraZon	 in	 soúware	 and	physics,	 in	parZcular,	 this	 applies	
to	the	group	of	A.I.Studenikin	-	also	a	member	of	JUNO	project		
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JUNO:	Civil	ConstrucBon			
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JUNO:	Overall	Schedule		
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Keys to Precise Measurement�

ü  Powerful	source:	10	nuclear	reactors	(26.6	GWth	in	2020,	later	35.7	GWth)	
ü  Ideal	baseline:	~53	km	(distance	between	target	and	reactor	core)	
ü  Shielding:	700	m	underground		
ü  Huge	target	mass:		

Single	20	kt	LS	detector	~105	events	in	6	years	detected	via	IBD	
ü  Superb	energy	resoluBon:	3%@1	MeV	

-	High-yield	scinZllator	
-	75%	photo	coverage	

ü  SystemaBcs	suppression:	
-	Unique	combinaZon	of	two	sets	of	PMTs:	18k	20-inch	PMTs	+	25k	3-inch	PMTs	

Ø  Baseline	opBmizaBon:	!"±$.! !"		
Ø  Excellent	energy	resoluBon:	"%/√#[$%&��

To	achieve:�

We	should	have�
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Extended	Physics	Program		

�	�
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Thank	you�

�
�
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Backup	slides	
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Other	Physics�

Probe	SN	explosion	mechanism�

•  Probe	transiZon	region	
of	MSW	paradigm	

•  Study	solar	metallicity�

Up	to	3	sigma	detecZon	level	
for	standard	parameters�

Precise	knowledge	on	
backgrounds	needed�

DSNB:	Diffuse	Supernova	Neutrino	Background�
���
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Extended	Physics	Program		
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Extended	Physics	Program		
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Extended	Physics	Program		
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Extended	Physics	Program		
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