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Neutrino Physics at JUNO

* Jiangmen Underground Neutrino Observatory
e 27-36 GW reactor power, 20 kton LS detector, 3%/VE energy resolution

* Proposed in 2008, approved in 2013
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Neutrino Physics with JUNO, J. Phys. G 43, 030401 (2016) Distance to Reactor (i)

* This talk will focus on the mass hierarchy and precision measurement, and

two posters will cover other aspects.
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Neutrino Mass Hierarchy

* Large 6,5 opens a door to neutrino MH and CP violating phase,
as the focus of next generation neutrino experiments.

* MH can be determined utilizing

— Matter effects of accelerator (DUNE, T2K, Nova) and atmospheric
(PINGU, HK, INO) neutrinos

— Oscillation interference effects of reactor neutrinos driven by Am?2,,

and Am?,,
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Reactor Antineutrinos to Determine Mass
Hierarchy

Oscillation probability independent of

CP phase and 6., Fourier transform to show the interference

P..(L/E) = 1— Py — P3; — P3,

_Pgl = coa4[913}51112[2912}51112[321} ]
( Py, = cos?(fy5)sin?(26;3) sin?(As) )
P = sin?(f12) sin®(2613) sin®(Asz)

Effects of P;; and P, interference are
proportional to sin?28,
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Location of JUNO

Under construction

Planned Under construction

Planned
17.4 GW 17.4 GW 17.4 GW

Status  Operational
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Optimum Baseline for MH

* Optimum at the oscillation maximum of 0,

* Multiple reactors may cancel the oscillation structure
— Baseline difference cannot be more than 500 m

''''''''''''' :‘-..J P $5F LII ei_ all' T 1 ' 1 T T Tt T T T T T T T T
: PRD 88, 013008 (2013) 6 years
Ideal distribution 20 L =52km _
E_res =3%

maximum

Axiar = [oin(N) = X (DI,

Hiznou

YJ-Cl YJ-C2 YJ-C3 YJ-C4 YJ-C5 YI-C6

Power (GW) 29 2.9 2.9 2.9 2.9 2.9
Baseline (km) 5275 52.84 5242 5251 5212 5221

Cores TS-Cl1 TS-C2 TS-C3 TS-C4 DYB HZ

Power (GW) 4.6 4.6 4.6 4.6 174 174
Baseline (km) 5276 5263 5232 5220 215 265

TS-C3 and TS-C4 will not be running in 2020



Sensitivity of MH Determination

Assume NH as true MH, and fit the
spectrum with false and true MH cases
respectively, and we get

Ax? = x?(false)— x?(true)

Nominal experimental setup
- Detector size: 20kt

- Energy resolution: 3%/VE

- Thermal power: 36 GW

N [ﬂ-f,- N ];( |+ Y an ﬂ_)]‘ 2 - Running time: 6 years
2 I Tk
XREA = 2o v + ) Tk
i=I i k 9k o . .
Sensitivity vs. running time
25 L e L A - - .
Normal true MH — 10— — gi 1% A m{, prior 50% vs. 50%
2 1 la 7 —gf;;: noprior | ——1.1% vs. 98.9%
= r % of exp. . 6
. 95% of exp. JUNO SEUNRET
T S .
&
:_ﬂ,
Lo 10 - -
|

[ True MH {ideal)
5 ’, — — = True MH (real)

False MH {ideal)
— — —False MH {real)

1] I 1 L I L L L L 1 1 ] ] ] ] 1 ] 1 1 1 1 1 1
234 236 238 240 242 244 246 248 250 O 2 4 6 8 1 0

A2 3
|AM*eq| (X10 e\f} Years




Taking into account Am? |

* MH sensitivity improved by taking into account the
Am?  from T2K and Nova in the future

Improved by Am?  precision of 1%

VAx?2 Without With Am?2
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Requirements on Energy Resolution

energy resolution vs rec_energy

* Energy resolution: 3%/VE is possible

- S
based on the JUNO MC simulation. £ e
* Key requirements on detector i vertex reconstruction
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Systematic decomposition

Stat. Core dist. DYB and HZ Shape B/S (stat.) B/S (shape) ‘ﬁ"”.&g
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Additional smearing in the prompt

IBD Neutron recoiling

e+

KE., = £, — (m, —fﬂp)—fﬂe -7

energy measurement induced by
neutron recoiling in the inverse

beta decay reaction (IBD)

Effective energy resolution
increased
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* Larger smearing when neutrino
has larger energy

e The reduction on Ax?is 0.2
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Matter effects

_ m: 0 0 m3
oy = | 7i2 Ut =—=1|U| 0
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* With six years of running, the Ay?
of mass ordering measurements
will reduce from 10.28 (vacuum)
to 9.64 (matter).

* The reduction of Ay? is
comparable with other
systematic error.

Chinese Physics C 40(9) (2016) 091001
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Measurement of Oscillation
Parameters

JUNO 100k IBD Events

* Good energy resolution E 2%0¢
and proper baseline help % 2%
to measure the Am%,;and o 15}
Am?3, driven oscillations 51|
simultaneously. 50}
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Measurement of Oscillation Parameters

* Precisions of three parameters (Am?,,, Am?__ and
sin“0,,) reach sub-percent level, several times
improvement compared with current precision.

* Probing the unitarity of Ug,\s to ~1% level

Am3, |Am3, | sin“f1o | sinfy3 | sin® a3
Dominant Exps. | KamLAND | MINOS SNO Daya Bay | SK/T2K
Individual 1o 2.7% [20] 4.1% [25] | 6.7% [6] | 10% [21] 14% [23, 24]
Global 1o 2.6% 2.7% 4.1% 8.6% 1%
Nominal +B2B (1%) +BG +EL (1%) +NL (1%)

sin? 8, 0.54% 0.60% 0.62% 0.64% 0.67%

imf_f] (.24 0.27% (0.29% ().44% (.59%

I_MHE;FI 0.27% 0.31% (0.31% (.35% (0.44%
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N,
Collaboration established in July 201
66 institutions, 440 collaborators

Half from China
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Summary

* JUNO has rich physics possibilities with the main
goals to determine mass hierarchy and precisely
measure oscillation parameters.

* With 6 years data taking, the sensitivity of mass
hierarchy can reach 3 o (Ax? = 9).

* Three oscillation parameters (Am?2,,, Am?__ and
sin%0,,) can be measured with precision better
than 1%.
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Comparison with Other Experiments

M Blennow et al., JHEP 1403 (2014) 028
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JUNO is unique for measuring MH using reactor neutrinos

— Independent of the CP phase and free from the matter effect:
complementary to accelerator-based experiments

— competitive in time

— Many other science goals
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