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New era of neutrino experiments

Main focus: Mass hierarchy and
CP phase
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Future sensitivity of ongoing reactor experiments
MassHierarchy by reactor neutrinos

The JiangmenUnderground Neutrino Observatory
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RENO-50
Summary



Error of sin 22913

)

(10°%V2

ee

2

Error of Am

Future sensitivity of ongoing reactor experiments

Experiments
DayaBay
DoubleChooz
RENO

DayaBay: NuFact2013

0.02 =
0.018 ;_ —— Rate Only _;
ooy e Rate+Spectra 3
0014 Installation ® PRL 108 171803 | —
0.012 & of AD 7+8 O CPC37011001 | 3

0.01 l QO This Analysis E
0.008 HP- -

- <4% precision 7
0.006 — 3
conf FEE—— E
0.002 |- Now -

£ I I L1, I I I ]

v.z8 C T T T T T T T i

R . Rate+Spectra ]
02— O  This Analysis —
- Q ! !
0.15 |- ]
0.1 - S |
TEMINOS 1-oon Amj, [ e ]
0.05 — ]
C Now ]
0 Cov ol by v b b by by vy

0 200 400 600 800 1000 1200 1400 1600

Time [days]

Sensitivity (3y,

~0.008
~0.03
~0.02

Csirt(20,,)

90% C.L.)

sin? 2643 sensitivity limit (NH, 90% CL)

GLOBES 2009
1072 |
1=
@ ............
2 , SUePERTTLLY et
= ST e
% H -"-
S : Lo Double Chooz
w -
© 107" t R T2K
m§ '," - RENO
i @ ‘:' Daya Bay
/ e NOV A V47
[}
§ e — =~ NOvA: vonly
o° Solar excluded . ) )
2010 2012 2014 2016 2018
Year
Huber et al. JHEP 0911:044, 2009
OmRENO NeuTeI2013 Double Chooz: NuLow2011
RENO Uncertamty PFOJECtIOFI : 0141 N i
0030 3 ]
[ PRL (2012) ]
0325-_055.“:0,019 2013 3 - 012 900/ CL
F * .
. =0.015 . 0
a / syst™ E o
r . ]
0015 =
E 1 4
- 1 - - -
7% precision -
OUU%:..‘.M...M..m..‘|.‘..\.H.l..‘.|....|....|‘..‘: ; | | |
0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 50

Years

e Ty I
Q‘\ N 0’\ ‘\ 0\ 0'\ ah 'ZQ'\ Q\ 0‘\ A ‘10\
sy Ty e Py e P ?S'a“ e Py P e



Arbitrary unit
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Mass Hierarchy by Reactor neutrinos
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Mass hierarchy': sensitivity
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Taking into account Dm?,,,

MH sensitivity improved by taking into account
the gm?, . from T2K and Nova in the future

Improved by precision 1.5%
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Yu-Feng Li, Jun Cao, Yifang Wang, Liang Zhan, arXiv:1303.6733



Optimum baseline

Optimum at the oscillation maximum ofq;,

Multiple reactors may cancel the oscillation
structure

E Baseline difference cannot be more than 500 m
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Arbitrary unit

Energy scale can be self-calibrated

If we have a residualnon-linearity in data, and add a
guadratic non-linear function in the fitting process:
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The Jiangmen Underground Neutrino Observatory
(JUNO, known as Daya Bay lIl)

Nobs/N exp
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20 kton LS detector
3% energy resolution
Rich physics possibilities

E  Mass hierarchy

E  Precision measurement
of 4 mixing parameters

E  Supernovae neutrino

E  Geoneutrino

E  Sterile neutrino

E  Atmospheric neutrinos

E  Exotic searches

Talk by Y.F. Wang at ICFA seminar 2008, Neutel 2011; by J. Cao at Nutel 2009, NuTurn 2012 ;
Paper by L. Zhan, Y.F. Wang, J. Cao, L.J. Wen, PRD78:111103,2008; PRD79:073007,2009



Physics prospective of JUNO

 Flietal arXiv:1303.6733 Probing the unitarity of Upys to ~1%
20 '_le e Current JUNO
? _______________________________________ N P ] Dm212 ~3% ~0.6%
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|deal casep &>16 with relative measurementgp 625 with absoluten ¥
measurement (if accelerator experimentge,gNOVA T2K, can measure
Dm?_ 1o ~1% level)

Taking into account the spread of reactor cores, uncertainties from
energy nonlinearity, etc.q é>9 with relative measurementep 6>16 with

absoluten ¥ measurement
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Experiment site: Kaiping county, Jiangmen city

Status Operational Planned approved Underconstruction  Underconstruction
Power 17.4 GW 17.4GW 174 GW 17.4 GW 18.4 GW

7% 1+ Huizhou
... ~~ Daya Bay

~Acloser look: In granite

- 270 m high Mountain
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Detector Concept (Traditional)

Muon tracking/r._ mi

L e T
.........
ST e, s

]
a s

A

cl

Stainless steefank

Water Seal
Water Buffer 10kt

Oil buffer 6kt

~15000 20 PMTs
optical coverage: 7680%

VETO PMTs — 7., 7. Ne o
= Extremely difficult to buud both *********

u"'h

the stainless steel tank aﬁd :the- IR Rt e

acrylic tank

13



m- rm

Option 1: no steel tank

No more interference
AnEasyo for PMT
Water replaces oil buffer

b4

C cheap

Difficulties:

E Larger pressure difference for the
acrylic tank.




Option 2: acrylic box
Connect to
= Mineral oil in the optical modules
= Pipe for filling MO and cabling

= Concerns: leakage through cables
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Option 3: balloon

ARnCheapo for construction &
Experience from Borexino (0.5kt) & KamLAND (1kt)

Need to consider film materials(mechanics, transparency,
compati bili ty, welding tech
, cleanness, leak check, deployment, backup plan if fails,

Not new to IHEP e /2 L R
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Option 4: steel tank only

= No problem for construction
= A fall back plan of the balloon option
= But

E PMT protection

E Trigger rate by backgrounds
E Resolution affected by backgrounds

If the PMT glass is the same as
Daya Bay, radioactivity will be
44 Bg/PMT, or 3.3 MHz in total

If better glass is used, it may be
reduced to 1 MHz




Online background suppression

Divide PMTs to 1476 regions  %..

0.6

Look at the charge ratio

Qi/Qyoiy (it the region ID)
E Cutcharge ratio < 0.16

E Cutalso N, <500(~0.4 MeV)

Event rates is reduced to
0.6kHz

Resolution is affected:
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2*0.511 0.030 1 0.035 0.94
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6.13 0.016 1 0.017 0.99
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Technical Challenges

Requirements:
E Large detector: 20kt LS

e

E Energy resolution: 3%/CE C 1200p.e/MeV
Ongoing R&D:

=

E Low cost , hi gh QE APMTO
E Highly transparent LS: 15m C 30m

KamLAND JUNO
LS mass ~1 kt 20 kt
Energy Resolution 6%/CE 3%/CE
Light yield 250 p.e./MeV 1200 p.e./MeV

20



QUANTUM EFFICIENCY (%)
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No clearance coverage 86.5%
1cm clearancecoverage 83%

More Photoelectrons -- PMT

Photon

1.Insulated trestle table
2.Anode

3.MCP dodule

4 Bracket of the cables
! 5.Transmission Photoca
6.Glass shell
7.Reflection Photocatho

8.Glass joint

MCP PMT with reflection
photocathode at bottom

2

MCP-PMT prototype
F —.
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ak g

20" + 8" PMT
8" PMT better timing
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More Photoelectrons -- reflection

Two thin acrylic panels with air gapT Total internal reflection

For uniformly distributed events, MC simulation shows~6% increase
on p.e.in average.

Reflecting to local PMTs won't impact on vertex reconstruction
22



More Photoelectrons-- LS

= Attenuation length.
= Low temperature (4 degree)

= Fluor concentration optimization
(especially at low temperature)

Relative Light Yield

1OOL LAB Sample from Nanjing Temperature/C
LAB factory. Attenuation length: 104
20.5m @430nm £ 0s
% 0,6

Al,O, column 2

; 3 0.4
Molecglar distillation %02
= 50
- 4z 5 0,0

"00 01 02 03 04 05 06 07
PPO mass fraction, %

AlLO,
24m @430nm
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Energy Resolution from MC
JUNO MC, based on DYB MC f.e.tuned to data), except

E JUNO Geometry and 80% photocathode coverage

E High QEBialkali. QE: from25%-> 35%

E Increase the LS light yield by 13%

E LS attenuation length (l#tube measurement@430nm)

v from 15m = absorption 24mRaylayscattering 40 m
v to 20 m = absorption 40 mRaylayscattering 40m

Profile of totalPE versus r*3 0.07
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Signal and Backgrounds

Signal
ﬁe +p - et (IBD) Daya Bay ;;JE;)O
Mass (ton) 20 :
nN+p -d ¥@2mev, ~20@s) (ton)
g} _ E., (GeV) ~57 ~211
E Estimated IBD rate: ~40/day L (m) 13 23
_ R, (Hz) ~21 =58
Assumptions for backgrounds Reingies (HZ) ~50 10
calculation
E  Overburden is 700m BIS @ B/S @
v E,~211GeV,R,~3.8 Hz DYB EH1 JUNO
E Single rates from LS and PMT are  accidentals  ~1.4% ~10%
5Hz, respectively
E  Goodmuontracking and vertex Fastneutron ~0.1% ~0.4%
reconstruction 9 i/ 8He ~0.4% ~0.8%
E  Similarmuonefficiency as DYB

25



Project status

Funding

E Great support from CAS: n ¢
E Approved onFeb.1, 2013

Brief schedule
E Construction: 2012019
E Filling & data taking 2020

Collaboration

E Two gettogethemmeetingsn Jan and Jul. 2013

E Nextmeeting indiangmer(experimental site), Jan. 2014.
E Welcomecollaborators

26
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Overview of RENO-50

= RENO-50 : An underground detector consisting of 18 kton ultra-
low-radioactivity liquid scintillator & 15,000 20" PMTs, at 50 km away
from the Hanbit(Yonggwang) nuclear power plant

» Goals : - High-precision measurement of 8,, and Am2,,
- Determination of neutrino mass hierarchy
- Study neutrinos from reactors, (the Sun), the Earth,
Supernova, and any possible stellar objects

= Budget : $ 100M for 6 year construction
(Civil engineering: $ 15M, Detector: $ 85M)

= Schedule : 2013 ~ 2018 : Facility and detector construction
2019 ~ . Operation and experiment




Conceptual Design of RENO-50 I

w /g

W Z¢

1000 20" OD PMTs Water

MAsEO

LS (18 kton)
15000 20" PMTs (67%)

w oe

30 m

32 m

37 m
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Summary

Ongoing reactor experiments can measure siéd,,
to <4% precision

Next generation reactor neutrino experiments focus
on mass hierarchy determination and precision
measurement of mixing parametersScience case IS
strong with significant technicalchallenges.

JUNO was proposed a few years ago, nhow boosted
by the largeq,,;. Funding is approved from CAS.

A similar proposal from RENO-50
Start data taking: around 2020

30
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Future Plan for Precision Measurement of 6,

ARENO 20,, =0. 100 +0.010(star.) £ 0.015(syst.)
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Fourier transformation

L/E spectrumé um? spectrum
(im?~oscillation frequency)

of L/E spectrum

Take Dm? ,, as reference |

E NH: Dm2,, >Dm?2,,, Dm?2,, peak
at the right of Dm? 5,

E IH: Dm2, <Dm?2,,, Dm2,, peak
at the left of Dm? ,,

The Fourier formalism:

—NH
1 =IH
10" Am3, = Am3, + Am3,
NH : |Am§1| = |Am§2| + |Am§1|
2 . 2 o 2 2
> 10 IH: |Am3,| = |Am3,| — |Am3,|
107
10*

i
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o S
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t
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> -0.002} .

-0.004k

" " " 1 " " " 1 " " " 1 " " "
0.002 0.0022 0.0024 0.0028 0.0028

tﬂtﬂ-ﬂ:
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tﬂ'.-,-i-n C
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Quantitative Features of FCT and FST

To quantify the symmetry
breaking, we define:

RV -LV

P-V

RL

RV/LV: amplitude of the right/left valley

in FCT

P/V: amplitude of the peak/valley in FST

For asymmetric P,
E NH: RL>0 and PV>0
E IH: RL<0 and PV<0

Two clusters of RL and PV values show
the sensitivity of mass hierarchy

determination

= . -ll;r =
RV + LV P+V

=
(2]
I

- _ NH Space
- ® Baseline : NH

<
IS

" s sin?(20,5) : NH

PV parameter
o
N

T 1T |
“

' Baseline : |H

~0.4- . sin%(26,) -
- IH space sin“(20,5) - IH

— i | | | | 11 | 1 11 1 | 11 | | | 11 | | |
061 "=05 0 05 1
RL parameter

Baseline: 4672 km
sin?(2q,5): 0.0050.05
Others from global fit

L. Zhan et al., PRD78:111103,2008
34



Experimental requirements based on the
latest d,; measurement

Un-binned Fourier transform of N detected

events .
FST( Z'%ll’l wL/E) FCT(w) = Z cos(wL/EY),

i=1

Energy resolution is very important for gm?,,
and gam?,, oscillation measurement.

g
095 New default parameters:
008': E Detector size: 20kt
0s E Energy resolution: 3%
075 o I E Thermal power: 36 GW
07T e solution = 3%NE E Baseline 58 km
0.65 ;— e resolutmn 4%NE
06 _3years B -6 years 3?
s T S e
05|un|||nn| x10°

20 30 40 50 60 70 80 90 100
Number of events 35



Alternative method: 62 fit
Assume the truth is NH/IH, and calculate the truth
spectrum.

Calculate the spectra for NH and IH case and fit them to
the truth spectrum respectively.

Energy resolution is taking into account.

-'"""Ibi n

. (M, —T:(1+>", CLE-;;E;;)]Q €2 30
X%‘.EA:Z - +Z_g -
] 4'1-{1 J.I; 6 years
=1 k % Ideal distribution
. . I L=52km
NH spectrum fits to NH || IH spectrum fits to NH =
20 NH
—~ | < O N
“‘Em 15 |- e _ 5|
S " Yu-Feng LI, Jun GQao,
e * _ — : _ Yifang Wang, Lidggg—— 25 39 35 40
N [ i by Zhan, arXiv:1303.6733 E_res (%)
——False MH (ideal) A 1
— S |7 | If truth is NH, NH spectrum may fit it better.

|AMZ,| (X10° eV?) gm? is fitted without constrain. 36




Taking into account gm?,,

MH sensitivity improved by taking into account
the gim?;, from T2K and Nova in the future

Improved by precision 1.5% Improved by precision 1%

Yu-Feng Li, Jun Cao, Yifang Wang, Liang Zhan, arXiv:1303.6733
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