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., Jiangmen Underground Neutrino Observatory

China to build a huge underground
neutrino experiment

Mar 24. 2014 ©5 comments “Work has started on a huge
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underground neutrino lab In
China. The $330m Jiangmen
Underground Neutrino

Observatory (JUNO) is being
bullt in Kaiping City, Guangdong

Province, in the south of the
country around |50 km west of
Hong Kong. When complete in
2020, JUNO is expected to run
for more than 20 years, studying
the relationship between the
three types of neutrino: electron,
muon and tau.”
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http://english.ihep.cas.cn/rs/fs/juno0815

Europe (20)

APC Paris
Charles U.
CPPM Marseille
FZ Julich
INFN-Frascati
INFN-Ferrara
INFN-Milano
INFN-Padova
INFN-Perugia
INFN-Roma 3

IPHC Strasbourg
JINR

LLR Paris

RWTH Aachen U.
Subatech Nantes
TUM

U.Hamburg
U.Mainz

U.Oulu
U.Tuebingen

U. libre de Bruxelles (Observer)

JUNO Collaboratio

Asia (25)

Beijing Normal U.
CAGS,

CIAE

DGUT

ECUST

Guangxi U.

IHEP

Jilin U.

Nanjing U.

Nankai U.

Natl. Chiao-Tung U.
Natl. Taiwan U.
Natl. United U.
NCEPU

Peking U.
Shandong U.
Shanghai JT U.
Sichuan U.

SYSU

Tsinghua U.

UCAS
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Wuhan U.
Wuyi U.
Xi'an JT U.

US-JUNO group holds an observer
status in collaboration

|t Collaboration Meeting (July 2014 @IHER Beijing)
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; what to do with the largest LS detector in the world!

® (reactor-V) mass hierarchy (atmospheric)...
® subdominant (813 modulated) spectral distorsion

® driven by Am?(atmospheric)

(19 L. } | .
atmospheric ® vacuum effect— no via matter enhance effects
oscillations

® complementarity to ORCA/PINGU, NOVA, LBN{A,Z}
® (reactor-V) solar dm2 & 012 highest precision. ..
® needed for CP-violation (Jarlskog Invariant) = ambiguities
® complementarity to T2K/NOVA & LBN{A,Z}

3 4 5 8 ® — no 023-octant or Ocp ambiguities (not bad)

Energy Visible (MeV) ® test: Solar (MSW) vs KamLAND (distorsion: not ideal baseline)

® (reactor-V) unique solar®atmospheric vacuum-oscillations fit

® (supernova-V) unique capabllities (size & observation: IBD, Ve, Vx)
® (proton-decay) unique capabilities (size & unique channels)
® proton fraction larger in scintillator than water (up to 2x)
® (geo-V) observation (reactor-V large BG)— aid geo-physics
® other physics...

® solar-V, non-standard-interaction (different phase-space), etc

Anatael Cabrera (CNRS-IN2P3 & APC)
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: the gate to Mass Hierarchy Is open...

Am AllhoWw to resolve neutrino mass hierarchy using reactor neutrinos!
A solar { |
1 ® KamLAND (long-baseline) measures dm? very precisely
Am?3 Am?3 _
ve| vo v i ® DB/DC/RENO observe 83 oscillation (T2K appearance too)
: Am”~

[\

V } solar \4

Sl ® reactor @ ~50km— atmospheric & solar oscillations interference

NORMAL INVERTED ® reactor oscillations follow Am?3;: difference (NH vs V) is dm?

HIERARCHY HIERARCHY _ , , -
® vacuum osclllation energy distorsion—= negligible MSW

Am3|2(||—|)#=Am3|2(N|—|) ® sub-dominant oscillation (03 amplitude)— ~3% resolution
= 0~3% (i.e. dm?%/Am?)

| Petcov&Piai, Phys. Lett. B533 (2002) 94-106

~]
-

P 5 =1 796084 615 sin” 26,

N QN
o O

e ———

I~
-

ilu-. | . /
—isin® 2015(cos? B2 sin? Asq + s

-]

N, (arb. units)

R \® B9
o O

v Mass hierarchy is reflected in the spectrum

v Signal independent of the unknown 0cp or 023-octant

e Realization&Plausibility: L. Zhan et al, PRD.78.111103; J. Learned et al PRD.78.071302; and DYB/RENO
Anatael Cabrera (CNRS-IN2P3 & APC)



, Fourier analysis for Mass Hierarchy determination

: - : FCT spectrum - NH
e [reating L/E as the time domain, the frequency [kt i 1M
' ' 0.002 Poa
domain simply corresponds to Am? -
0 i/
— -0.002
FST(w) =/ F(t) sin(wt)dt N A
tmin 0.002 0.0022 0.0024 0.0026 0.0028
tmaz dm?/eVv?
FCT(w) = / F(t) cos(wt )dt '
tmin N
0.004 - FST spectrum —NH
) : ) 0.002[
e In the Am?domain, take Am~+5, as the KA
reference point, -0.002—
- NH:take “+" sign, the effective Am? peaks on the right XL A
) 0.002 0.0022 0.0024 0.0026 0.0028
of Am*“s; then a valley smZeV?
IH: take “-" sign, the effective Am? peaks on the left of 10"
AmZBZ’ I”Ight to a valley 30; Fourier power spectrum —NH
25 -=1H
20F
C 155
* Am?~spectra have very distinctive features for =
different hierarchies E Y
&002 0.0022 0.0024 0.0026 0.0028
L. Zhan et al., PRD78(2008) 111103 sdm?/eV?

J. Learned et al proposed the FT power spectrum method 2006

Anatael Cabrera (CNRS-IN2P3 & APC)



energy resolution of JUNO detector...

2 06 ..
= F e N Non oscillation
? - —— 0, oscillation
g 05 —— Normal hierarchy
re 2 : \ ,
b C : Inverted hierarchy

04

0.3 : ‘\‘

0o2F "

0.1

0°f L
10 15 20 25 30
L/E (km/MeV)
® the 3% requirement arises from ratio dm?/Am? i R N -
years
B Ideal distribution

L =52 km

® i.e. the solar to atmospheric mass-squared difference

® need energy resolution ~ 3% @ 1MeV

® stochastic term (a/NE)— a < 3% | ]
| Y.F. Li et al, PRD88(2013)013008 |

® non-stochastic term under investigation (next) n I
_res (/o
Anatael Cabrera (CNRS-IN2P3 & APC)
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., energy scale accuracy (l.e. bias & systematics)...

X. Qian et al, PRD87(2013)3, 033005
S.J. Parke et al,

Nucl.Phys.Proc.Suppl. 188 (2009)

= NH: [AMZ,| = 2.43€-3 eV*

<1 500 Ideal Spectrum 100 KTyear 1500 Ideal Spectrum 100 kTyear 1500——MMM
[} - - 100 kTyear
= — NH: |AM2,| = 2.43¢-3 eV? - —— NH: |AmZ,| = 2.43e-3 eV? i
8 X B ——— IH: |Am2,| = 2.55¢-3 eV?
. - — . - _ 2 - — . 2 _ " 2 -
5 | | | % Ilelfe r ,e ]flCIZ e | | | g_l 000 IH: |Am2,| = 2.43e-3 eV’ 1000k IH: |Am3,| = 2.55e-3 eV 1000k 100 KTyear Ideal Spectrum
I N e B B g - -
41— L= 55km o= 3.5%/sqrt(E/MeV) —] .g
L 4 S I
xo 3 —] @ 500 500f,
m 2 —
\Z/ - 4
~ - N 2 4 6 8
E 0 — E,s (MeV)
Z i J -
S
| B 7] > 1.15
~ -2 — Q
E L i =
5 -9 —
-4 — Am?_ (IH)=1.008%Am?_(NH) —
_5 . | | | | | | | | | | | | | | | | | | | |
1 2 3 4 5 6 7 8 9 10 11
E obs (MeV)
Figure 4. The percentage difference between the

inverted hierarchy and the normal hierarchy. The
blue curve is assuming F.ps = Fipye and max-
imum difference is less than 2%. Whereas for
the red curve we have assumed that E,,, =
1.015Epye — 0.07 MeV for the TH, so as to repre- ® if energy reconstruction— bias or non-linearity residuals

sent a relative calibration uncertainty in the neu-

trino energy. Here the maximum percentage dif- ® = sionals micht disappear or wrone (solution
ference is less than 0.5%. g & PP 8 ( )

® various studies show =1% uncertainty is needed

Anatael Cabrera (CNRS-IN2P3 & APC)



o the detector: where!

2 2 2 2
Pl/e_H/e — 1 — 2813013 4613812612 SlIl AQ]_ —|—2813013\/1 4312012 Sln2 A21 COS(2A32 + gb)
40000 — T : T
30000
20000
10000

Y.F. Li et al PRD88(2013)013008
30 y T y T y T y T y T y T y T

14000
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2000 /7
1000 1/
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i Ideal distribution ]

E_res =3%

dN/ dE, [1/MeV]

E, [MeV]
X. Qian et al, PRD87(2013)3, 033005 x10°

1 1 1 1 ) A | N
0 20 40 60 80 100 120 140 160

L (Km)

 The power lies in the contrast between the
lower part and the higher part of the
inverse beta decay spectrum

« The baseline needs to be 50km - 60km

E,is (MeV) Anatael Cabrera (CNRS-IN2P3 & APC)



the baseline des

Y.F. Li et al PRD88(2013)013008

25 ! | | ! | | | | | | ! |
6 years

20 L L =52 km -
E_res =3%

5 4 -3 2 -

0 1
AL (km)

® reactor cores at the same power plant ~km apart
® If baselines shifted by half oscillation length

® = oscillation cancels (interference)

® design optimised: baseline differences <0.5km

Cores YJ-C1 | YJ-C2 | YJ-C3 | YJ-C4 | YJ-C5 | YJ-C6

Power (GW) | 2.9 2.9 2.9 2.9 2.9 2.9

Baseline(km) | 52.75 | 52.84 | 52.42 | 52.51 | 52.12 | 52.21

Cores TS-C1 | TS-C2 | TS-C3 | TS-C4 | DYB HZ

Power (GW) | 4.6 | 46 | 46 | 46 | 174 | 174

Baseline(km) | 52.76 | 52.63 | 52.32 | 52.20 215 265

¢
/ﬁvr S ;/l/

ign fine tuni
S| l:‘\“_‘: £:9 i';’ S N T
SZAR) AN 477 : ; ".\".

Anatael Cabrera (CNRS-IN2P3 & APC)



: Mass Hierarchy significance. ..

25 — 1T ' T T T T ]I

T K spectral measurement
. Normal true MH “ ! ] : .
ol Il with no Am? external constrain
N I
I P | T P
15 | -
= o external Am? measured
310 _ Il to ~1% error (v, disappearance
éf  tuem(o o with v-beam off-axis)
5L = = False MH (6,, = ©) |
True MH (o6, = 1.0%)
False MH (o, = 1.0%)
N e el | - Am? @~1% by T2K+NOvVA

234 236 238 240 242 244 246 248 2.50 —COmbined analysis [13’]2’]477]

[AMZee| (X10” eV?)

ingredients...
v Realistic reactor distributions considered
v 20kt valid target mass ® 36 GW reactor power ® 6-years data

v 3% energy resolution ® ~1% energy scale uncertainty assumed

Anatael Cabrera (CNRS-IN2P3 & APC)



- heutrino oscillation precision before & after JUNQO. ..

Current JUNO
om? ~3% ~0.5%
Am? ~4% ~0.6%

sin2(20,) ~1% ~0.7%
sin2(203) ~15% N/A
sin2(20,3) ~10%- ~4% (DYB) ~15%

after JUNO, the “Solar neutrino oscillation” parameters on the <I1% level—= the “JUNO sector’?
(already worth the experiment)

when trying to measure/constrain Ocp, all oscillation parameters matter! (Jarlskog invariant: “J”)

APysag = P(vy — vg) — P(Vy = V) = —16Jyp sin Aq; sin Ap3 sin A3y,

Joup = S(UalU:zU;lUﬁz) — il J = S12C12S23C23S13C%3 sin &

Anatael Cabrera (CNRS-IN2P3 & APC)



Other Physics Potential of JUNO

® supernova V (core-collapse& diffused)
® proton decay

® example:p = K+ + anti-v

7> 1.9 x 10°** yr (90% C.L.)

® oco-V's

® KamLAND: 30+7 TNU [PRD 88 (2013)
033001]

® Borexino: 38.8+12.0 TNU [PLB 722
(2013) 295]

® JUNO (preliminary):
37+10%(stat)£10%(syst) TNU

Events for different (E,) values

Clianns! Type 531y 14 MeV 16 MeV
Ve+p—e +n CC 4.3 x 10° 5.0 x 10° 5.7 x 10°
v4p—ov+p NC 6.0 x 10° 1.2 x 103 2.0 x 10?
v+e—v+e NC 3.6 x 102 3.6 x 102 3.6 x 102
v+ 2Co v+ 2Ct NC 1.7 x 10? 3.2 x 102 5.2 x 102
ve+ 2C—o e + 2N CcC 4.7 x 10 9.4 x 10" 1.6 x 102
e+ 2C—o et + 2B CC 6.0 x 10 1.1 x 10? 1.6 x 102

8

Rgn(2=0)*L(¥,) [10™*Mpcy Y(0.5*10%%rg)]

90% C.L.

Super-Kamiokande limit (90% C.L.)

|
2 1 15

|
17

18

19 20

21

Mean supernova neutrino energy, MeV

® solar-v: very demanding radioactivity control (a la Bx)— possible?

® atmospheric-v: possible aid to Mass-Heirarchy? (a la ORCA/PINGU)

® unique E/L phase-scale explore: non-standard interactions, neutrino decay, etc

Anatael Cabrera (CNRS-IN2P3 & APC)
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the detector...

Anatael Cabrera (CNRS-IN2P3 & APC)



. A Medium-Baseline Reactor Neutrino Experiment

a8 ™
Eh R
o CELEAFSRERH)

~‘Guang Zhou
X Vgt Huizhou NPP

Shen Zhen

. ; 2 Lufeng NPP
Jiangmen @ - .
Lol @ iy i Y @ Daya ﬁy NPP
aipimng GHOTROTE
@ AR T DR SHT | _
- Hong Kong
o AYECTa LTI " .frqlii
JUNO Cow
® 53km Sy
53 km
'?ishan NPP Yangjiang Taishan
Yangjiang NPP Status under construction under construction
Power/GW 17.4 18.4
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Go 700m Underground

;

Anatael Cabrera (CNRS-IN2P3 & APC)



. Ihe Underground Detector System of JUNO

® |UNO detector major requirement (MH)
® high precision calorimetry
® |argest light yield: ~ [.2kPE/MeV
® systematics control (transparent)
® |arge (reactors @ ~50km)
— over-designed for all other physics
® ~)(kt spherical liquid scintillator detector
® ~ | .5m of buffer (isolation + optics)

® ~ |5k 20" PMTs —= ~80% photocathode

® cxcellent P-tracking resolution—°Li+%He
® cylindrical water pool system (surrounding)
® passive shield: radioactivity
® fast-n moderator
® active fast-n detector (p-recoill)
® muon active veto

® further top detector systems

® stopping-muons & fast-neutrons

® — Borexino, DB, DC, KamLAND, SuperK; etc
Anatael Cabrera (CNRS-IN2P3 & APC)




o~~~ A Conceptual Design is Formed

top Y detectors
U-veto detector & radioactivity shield

e Stainless steel tank or truss

v Detector e e Water Cherenkov veto and radioactive
_* e Mineral oil or water buffer

(LS) ®~34.5m .

(PMT) ®~37.5m i *~15000 20” PMTs coverage: ~80%

energy resolution is a design parameter (or milestone)
® must reach ~3% @ 1MeV (all terms)

® highest calorimetry precision in LAND ever

® huge light yield and maximal transparency
® highest light collection
AE ’ b2 c2 ‘ ® highest photocathode coverage

E _ E E2 ® high detection efficiency PMTs

® detector uniform response & symmetrical (sphere)

® low electronics & light noise— radio-purity

resolution was far less demanding in past experiments

stochastic term non-stochastic terms
(— ~1200PE/MeV) (—systematics)

= “softer” energy spectrum features

Anatael Cabrera (CNRS-IN2P3 & APC)



0 JUNO detector: two designs. ..

® primary design: a ~35m diameter acrylic
sphere holds the LS

® stainless truss: mechanical supports to
acrylic sphere and PMTs

® water buffer volume

® designing/improving details and interfaces
with other components

® independent FEA calculations

® backup: a balloon holds the LS

® acrylic panels (not welded together like the
sphere) + stainless steel sphere support the
balloon and PMTs

® 0il/LAB buffer volume

® |eakage and dusts are the serious concerns

Anatael Cabrera (CNRS-IN2P3 & APC)
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Polyhedral module
layout method

. 3layers: 180
a‘ Triangles(or 12
— Pentagons and

20 hexagons)

. blayers: 720

% | Triangles(or 12
| Pentagons and

110 hexagons)

9 layers: 1620

. Triangles(or 12
Pentagons and
260 hexagons)

Volleyball-like

PMT arrangement & photocathode coverage

Acrylic Transparent

cover

Scheme

Acrylic vessel+steel space truss

stainless-steel tank + balloon with

acrylic support

Arrangement method

Layer-by-layer layout method:
arrange PMT optimally then deleted PMT where bars

occupied

9-layers’ module layout method:

272 modules or 1620 installed cells

Radius & PMT No.

Radius has no influence to coverage
R1: 18.7m PMT No. : 16918-616 coverage: 77.7
R2: 19.9m PMT No. :19214-616 coverage: 77.9

Optimal radius: 18.7m
PMT No. : 16520

Maximum coverage

~77.9%-2.5%=75.4%

~76.8%

Plastic caver

Fixation

Conceptual explosion proof Structure of PMT



2 response simulation studies (preliminary)...

® [arge collaboration effort on high precision simulation (with readout, reconstruction, etc)— a lot experience

® investigate/optimise detector design & response control

® (main assumptions) QE @ ~35% + CE @ ~80% + light yield 10%ky/MeV + A9~20m [@430nm] + geometry

Stainless

LS Buffer Water

A=17.7m (LS)
B=(0.12+1.426+0.254)m=1.8m

C=0.45m
A+B=19.5m (position of PMT sphere center)
A+B+C=19.95m
A
2 E T 3%/VE (analytical
major effort on h|gh precision energy Y| —— fit: a/\/E +b | — OFVE (ana >./JEICa> .
, , = T | *preliminary simulation
resolution understanding... 4| (as guideline) | (no readout simulation)
35 :_ ............ T Eeosseomommeenans .................. S .
ofu” Op'tical Simula‘tion (Jpr‘eliminar‘y) 35_ ............................................... s .............................................................................................................. ...........
. \ p 3 ] —— Y, SR S—— .............................................................................................................. ...........
«full readout simulation (X—soon) -
. . . 2:_ .......................................... .............................................................................................................. ........
«full position-reco (¥ preliminary) = ; 4 '
1_5__ ............ . ................. .................. ................ ...... : .................. ................. .‘< 300 ........
*full energy-reco (v'preliminary) NS W W MR SR M A e +' ......
*full calibration (X—soon) = R TR T N W N W i
OE I I 1 I 1 I I I I I 11 I L1
0 1 2 3 4 5 9 10
Eoge/MeV

® both designs (full geometry, including structures)—= energy resolution is plausible (no showstopper)
® >1.1kPE/MeV (enough light) [~75% coverage] > <3% (stochastic-only)

® how about non-stochastic terms contribution? (under heavy investigation) angtael Cabrera (CNRS-IN2P3 & APC)



23

1 406.7763

vV

arX

Energy Resolution

control energy resolution— DC as example.

B L S ' I I I _
0. 14 A A —] asanncr N
0 12 —— data E c'onstant term
0 . 10 —— yolume source (data) _: Data
0.08 —®— yolume source (MC) | __| a=0.0773+0.0025

' ' . b=0.0182+0.0014

0.06 — c=0.0174+0.0107
0.04} MC

- a=0.0770+0.0018
0.02:_ ......................................... b:00183i00011

- ¢=0.0235+0.0061
0'000 1 2 3 4 5 6 7 8 9

Visible Energy (MeV)

non-stochastic terms knowledge depends on confidence on Gd point (hard physics)

Variation

control of response stability control of response uniformity

after stability calibration DC-IIl (Gd-n) Preliminary

1.06 T T - - <
1 . 05 :_ ..... e n_H ca tUI’e ..... i . ~

- 1 CaPres 11 (BijPo poor stats) 2
1.04:_ ..... w B|P0212 ..... ) QE)
1.03 ;_ ..... — n-Gd captures .................... ................... 444444444444444 =
1.02F f | | Y

- <
1.01f ©
1.00 st T
0.99F O
0.98f _ =
0.97L ' '

0 100 200 300 400 500 600 700

] |
Elapsed Days 0 500 1000
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. (extrapolation exercise) how faris ~3% @ | MeV!?

Am312(10)#=Am312(NO) = 8~3% (i.e. dm?/Am?)

o

: 05

JUNO* [non-stochastic terms like DCJ: 3.8% @ 1MeV
JUNO* [non-stochastic 2x DC better]: 3.2% @ | MeV
JUNO* [non-stochastic 6x DC better]: 2.8% @ |MeV
JUNO* [1.2kPE/MeV only stochastic]: 2.7% @ |1MeV

o

0a\ N\ .................................................

(-
O
_|_)
=
O
0p)]
D)
ad ; ; .
5 0.03 B
1 ]
= JUNO* -
C : 5 i
5 0.02 g I — — -
® | : : | JUNO* -
o il
JUNO* -
0_01_ o \/az +b2+c- ............................................................................................. -
L A e — - JUNO* i
B E Vis E Vis E Vis : _

2 4 6 8 10
Visible Energy (MeV)

JUNO optimised for high precision calorimetry, unlike DC
(=@ much feedback from Borexino+DB+DC+KamLAND)

Anatael Cabrera (CNRS-IN2P3 & APC)




Calibration System Conceptual Designs

A-B rope
synchronous
motion

® high precision calorimetry

® critical validation & cross-check

® redundancy & 4TT coverage

Motor B

® natural calibration: fast-n captures (after M)
® excellent readout behaviour upon M
® H-n & C-n (all the time & everywhere)
® external calibration source: [0, 1 0]MeV

® radioactive source calibration systems

® z-axis calibration with high precision sources

® spherical symmetry of response (—chimney)

UV fiber bundle

® rope system (off-z-axis deployment) Programable Laser E;ﬁ[gr

® consider versatile system
Fixed location
® cuide tube system (off-z-axis deployment) ey 8 /JI' ‘

: : monitor
® boundaries and near boundary regions

® short-lived diffusive radioactive sources
® full volume response map calibration _
electronics

® UV/blue laser systems

® readout & scintillator monitoring/calibration in situ

Anatael Cabrera (CNRS-IN2P3 & APC)



» M tracking & veto design=> all BGs linked to W's...

Central Detector muon Water Pool muon Rock muon
Muon track
Top tracker

Water Pool

® not just a veto, but p-tracking info— better control of cosmogenic BG
® various designs and options for the Top Tracker (TT)
— OPERA scintillator calorimeters will be moved to JUNO

-RPCs are being considered

—other optioncs considered (Ar gas TPCs, NOvVA-LS tubes, etc)
® simulation and design are going through iteration

® Earth magnetic field shielding is being designed

Anatael Cabrera (CNRS-IN2P3 & APC)
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R&D status report...

*large PM1 system
*liquid scintillator system

Anatael Cabrera (CNRS-IN2P3 & APC)



2 PMT implosion protection system...

Possible Implosion-proof structure

Acrylic
— Acrylic cover
cover
— flange flange
FRP cover
PMT fixture FRP cover
PMT fixture

® two groups working on the implosion prevention design
® calculation and experimentation (navy lab + university lab)
® (this year) finishing the shock-wave calculation & comparison to data

® (next year) chain reaction experimentation and iteration (design & experiments)

Anatael Cabrera (CNRS-IN2P3 & APC)



2 MCP-PMTs. ..

1) Using two sets of Microchannel plates (MCPs) to replace the dynode chain
2) Using transmission photocathode (front hemisphere)
and reflection photocathode (back hemisphere)

} ~ 411 viewing angle!

'._—.———_‘.

100% i
-
\ ]

4

1.Insulated trestle table . 30% 3
.J'J ’ 3
2.Anode ’
/ 4
3.MCP dodule 4 5
l 4 /° b ]

B
I 4
ll_//?_ 4.Bracket of the cables . | 1
S.Transmission Photoca | } 7
)
) o 70% 4
70% 6.Glass shell \ 30% I 8
7.Reflection Photocatho "\
8.Glass joint \ Fully active sphere surface
T8 . e
m—— Transmission rate of the glass: 40%

Quantum Efficiency (QE) : of Transmission Photocathode 30% ; of Reflection Photocathode 30% ;
Collection Efficiency (CE) of MCP : 70%;

PD = QE;,,.."CE +TRp, ,QERr “CE = 30%*70% + 40%*30%*70%= 30%
Photon Detection Efficiency: 15% 2 30% ; X~2 atleast!

®JUNO PMT plan B: Photonics China PMTs

®JUNO PMT plan C: new 20” Hamamatsu SBA high QE PMTs

Anatael Cabrera (CNRS-IN2P3 & APC)



’ PMT R&D: further info...

20 inch sphere Prototype 20 inch ellipsoidal Prototype

8” E MC P _P MT_035# MCP-PMT 51# SPE@21 50V Agilent Technologies SUN NOV 16 13:36:15 2014

] 100/ 5000/ § - 00s 20008/ @it # -478v

= e
X Min: 21.3% B
120(— —-0a ~
Max: 28.3% e - 3 PIV . 1.7 |
Average: 25.2% 029 100— : Ga|n=1 .1*1OE7 | /
' 028 - N f
0.27 f0— LS o l et SR B LS LR
C J
08 60 — P/V = 1.739539 - !
a0 k 4 en 0.28 - Gain = 1.19E+007 | et B S
a0 & ) F19(A /) B X FERE Tl
: i L
mm 0.22 & _ e
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MCP-PMT R&

D summary. ..

8” MPC-PMT 20” MPC-PMT
prototypes produced? 4 4
glass production 4 4
glass shape optimisation on-going on-going
low background glass soon soon

photocathode uniformity

V' (under investigati

on— quantification)

QE®CE estimation

~25% V' (goal— ~35%)

~22% V' (goal— ~35%)

CE estimation

~60% (goal— ~80%)

MPC status

4

v,

MPC location

several

several

signal optimisation

on-going (already reasonable)

T-spread (TTYS)

<20ns (<5ns)

gain

107 @ ~2kV

single-PE (P/V)

~2.5 (—improving)

~1.7 (goal—>2.5)

linearity studies

better than dynode-PMT (— MPQC)

dark noise rate

O(5k s)

O(50k s

JUNO benches @IHEP/@GS

VIV

V'IX (not yet)

status

working (not yet @ goals— ongoing effort)
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» MCP-PMT (current knowledge) vs Hamamatsu...

The performance of the 20 inch prototypes

Characteristics

R3600

(Hamamatsu)

MCP-PMT-20
(IHEP)

R12860

(Hamamatsu)

MCP-PMT-20
(IHEP)

ststus

Finished

Finished

Finished

Plan

size

20

20

20

20

Spectral Response

300~650

300~650

300~650

300~650

Photocathode Material

Bialkali-HQE

Bialkali

Bialkali-HQE

Bialkali

Electron Multiplier

Dynode

MCP

Dynode

MCP

Gain

=1.% 107

>1 X107

>1 X107

=1 X 107

Photocathode mode

transmission

reflection

+ transmission

transmission

reflection

+ transmission

Quantum Efficiency (400nm)

22 (2)

35(2)

Electron Multiplier

Collection efficiency

Anode Dark Count

~60K

~S0K

HARIO-32

Low-Potassium
Glass-

HARIO-32

Low-Potassium
Glass-
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» Liguid Scintillator purification (radioactivity & transparency)

® key points about liquid scintillator

® |ight vield
® optical transparency
® radioactive purrty

® key technique under R&D: purification

® expertise from Borexino on board

® several samples & techniques under
evaluation

® up to A*™~25m achieved(!!)

~——Nanjing commercial LAB purified by A1203
—HYBLENE LAB purified by A1203
~——ISORCHEM LAB purified by A1203
——EGYPT TK L 18 LAB purified by A1203
——P500Q LAB purified by A1203

—P500Q LAB

* Column purification

0.0750
— Various packing materials “

 Vacuum Distillation (V.D.) n MBI
— Single stage V.D. in the lab at IHEP 0.0350 — Nanjing commercial LAB
— Multi-stage V.D. in the lab at IHEP

— Molecular distillation (commercially available) o

— Real boiling point distillation (commercially available) i 410 510 610 710

Wavelength / nm

® Our Italian, Russian and German collaborators are also doing studies in parallel.
We all see space for improvements and R&D activities are ongoing
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y conclusion. ..

Complete
Complete civil .
conceptual construction, Complete
design, start detector
complete civil PMT detector assembly &
design, & production line construction installation, &
bidding manufacturing & assembly LS filling
FALE IS PAL N Be) B Z\ PALN R
® 6 & o ©o
Z\a i1 h V1
Start  civil Start PMT Start LS
construction, production, production
complete start detector
:)I;‘I:/It"l)'typmg& production or
detector) bidding

® |UNO unprecedented large & high precision calorimetry liquid scintillator detector

® main physics topics: high precision neutrino oscillation with reactor-Vv...

® (atmospheric) Mass-Hierarchy without MSW enhancement (complementary to other approaches)

® (solar) <19 high precision solar terms — needed for CP-violation determination (complementarity)

® (non-reactor V's) exciting program with unique and leading physics capabllities [ = fantastic detector]
® |UNO international collaboration (since July 2014) & funded in China— data taking by ~2020

® |UNO R&D (PMTs & scintillator) excellent progress— consistent with proposed schedule
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