Jiangmen Underground Neutrino Observatory

and some brief history and behind-the-scene stories
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The Jiangmen Underground Neutrino Observatory
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Absohrift/15.12.56 ™ (1) Dear Radioactive Ladies and Gentlemen!
m&fﬁﬁ,": %’i‘;’,’,ﬁ;-‘::“ Radioaktiven bei der @ I have hit upon a desperate remedy to save...the
Bk law of conservation of energy.
Physikalisches Institut (3 ...there could exist electrically neutral particles,
%i"mxid" Tochnischen Hochschule o glizir::;tﬁ;”o:-. 1930 @ which | will call neutrons, in the nuclei...

Lo Ract The continuous beta spectrum would then make

Wi e G g sense with the assumption that in beta decay, in
ansuhbren b:::o fmﬂﬁﬁ nglin:-: i’ﬁ%ﬁfﬁ’l A‘;}lu_e H
e addition to the electron, @ NeUtron 1s

emitted such that the sum of

I e oot e I (3)
the energies of neutron and
von derselben Oroesenordming wie die Elektronenmasse sein und -
electron is constant

Mimlich die M3glichkeit,
nicht grosser als 0,01 Protonermasse.- Das kontimiierliche
EEEERREEEETE T

B . . voneommetaiiohas adetd fic tos Heuiran sobetnt publish anything about this

mir sus wellenmechanischen Orfinden (nkheres welss der Ueberbringer

Jes! en und das Ausschliessungs sip befolgen und
von lichtquanten wusserdem noch dadurch unterscheiden, dass sie
mit Lichtgeschwindigkeit laufen. Dis Masse der Neutronen

dieser Zeilen) dieses su sein, dass das ruhende Neutron ein 1 d .
mametischer Dipol von einem gewissen Moment u ist. Die Experimente 1dea, and trustfully turn first to you, dear
verlinren wohl, dass die ionisierends Wirkung eines solchen Nesutrons i . i i i
nicht grosser sein kann, sls die eines hls und darf demn radioactive ones, with the question of how likely
A wohl nicht grosser sein als e ° (10°%° om). i . . .

it is to find experimental evidence for such a

 Radioaktive, ath der Frage, vis ot 1m e siperineitelion Necnels eaen
(6) 1 admit that my remedy may seem almost

dnuso‘l,d\mlmtro:s stande, wern dieses dnobmolem:‘:-m
; grosseres Durchdringungsvermogen besitsen wurde,
e e (6 M improbable bE@CaUSe one

i arah tte. e v gty probably would have seen
arr Duyey beiovriaey. o =ir Mrsiin i ehows pmt bls those neutrons, if they exist,
Steuern." m:uammdw"lﬂfmwﬂmm‘“':‘” . _
RE—— e o e for a Iong time. But nothing ventured,
P o g 1 Tiirioh stattfindenden Balles hiar unatkSemlich nothing gained...
. bin.- Mt vielen Orilssen sn Euch, sowie an Herm Pask, Mier gg
; s @ Thus, dear radioactive ones, scrutinize and

: ges. W, Pauld judge.
https://www.symmetrymagazine.org/article/march-2007/neutrino-invention



The Very First Reactor Neutrino Experiment
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« 1942% , James S. Allen carried out the

BYFHEYEE | PHFE  mSkE , 2021

measurement, obtaining ~50 eV recoil E
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https://baike.baidu.com/item/%E4%B8%AD%E5%9B%BD%E7%A7%91%E5%AD%A6%E9%99%A2%E8%BF%91%E4%BB%A3%E7%89%A9%E7%90%86%E7%A0%94%E7%A9%B6%E6%89%80

RN R SREL

« Bruno Pontecorvo in 1957:
Interaction Eigenstates # Mass Eigenstates
— Neutrino Mixing and Oscillation

» Extended to 3 flavor mixing by Maki,
Nakagawa and Sakata, after muon . _
neutrino was discovered at BNL in 1962 & el ot 7 Maki M. Nakagawa

1911-1970 1929-2005 1932-2001
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» Pontecorvo-Maki-Nakagawa-Sakata (PMNS) mixing matrix,

1 0 0 cos 013 0 e *cPginf, cosblip sinf;, O
Upmns = | 0 cosfy3 sinfss 0 1 0 —sinf;, cosfip O
0

0 —sinfy3 cosfog —e¥CP gin fq4 cos 13 0 0 1

Vi

V,

= Oscillation Probability:

V3

Amplitude « sin? 20 Frequency « Am?L/E
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Year 2002: Reactor Neutrinos Finally Oscillated!

Reactor Neutrino Exp.: 1956 - 2001
KamLAND measurement: 2002

KamLAND data added: Am#y 4 ~ 7X107° eV?

1



Year 2002: Reactor Neutrinos Finally Oscillated!

Sometimes, we just need to push it a bit further, and more reactors are better......

Reactor Neutrino Exp.: 1956 - 2001
KamLAND measurement: 2002

14



1998-2002 : AR{FAK&M,. KFFHAIEERM

1 0 0 cos 013 0 e *cPginf, cosfio sinf;p O
UPMNS = 0 COS 023 sin 923 0 1 0 — sin 912 COS 912 0
e’ 0

0 —sinfy3 cosfyg WCP gin 4 cos 013 0 0 1
Atmosp rié Sector: Solar éector:
SK, K2K, 721 MINOS, etc ~ Reactor Sector SNO, SKAKIMLAND etc
~2.5x707 eV2 ~7.5xT05 e V2

Mine Entrance

uper-K ear Detector
to

P! s
Detector ——— [1 km B
| = TTTT T PP TP PP TP LR . _2 \_\5
250 km >| KEK Accelerator




We Were All Quite Desperate

Work Harder...

One of the Funders of the SM, Glashow,

called for the measurement of 013
Photo by Kam-Biu Luk
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fission process in a nuclear reactor
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https://baike.baidu.com/item/%E7%A7%A6%E5%B1%B1%E6%A0%B8%E7%94%B5%E7%AB%99

Treaties

1946 Acheson-Lilienthal report recognizes that
control of fissile material is at the center of
nuclear non-proliferation

1970 The Treaty for the Non-Proliferation of
Nuclear Weapons (NPT) enters into force

1995 NPT extended indefinitely

1996 Comprehensive Test Ban Treaty
(still not ratified)

2021 Treaty on the Prohibition of Nuclear
Weapons (TPNW)

\/a

P. Huber

3
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Daya Bay: A Powerful Neutrino Source at an ldeal Location

SETH-G

SRR

Among the top 5 most powerful reactor complexes in the world,
2 -
6 cores produce 17.4 GWyj, power, 35 x 10%° neutrinos per second

4 x 20 tons target

mass at far site i

Far site (Hall 3) ] .
1615 m from Ling Ao

1985 m from Daya
Overburden: 350 m

Total Tunnel length

Ling Ao Near site (Hall 2)
481 m from Ling Ao
526 m from Ling Ao II

% Overburden: 112 m

~ =
“king Ao-ll NPP
2x2.9 GW

AN

—1 Daya Bay Nearsite (Hall 1) |

363 m from Daya Bay
Overburden: 98 m
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Rate-only:
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DYB2012

%

Higgs mass V mixing
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Kk 2 9 2 = g
LHC2012
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LAUREATES

Breakthrough Prize  Special Breakthrough Prize New Horizons Prize  Physics Frontiers Prize

2016 2015 2014 2013 2012

Koichiro Nishikawa and
the K2K and T2K
Collaboration

Kam-Biu Luk and the Yifang Wang and the
Daya Bay Collaboration §8 Daya Bay Collaboration

Atsuto Suzuki and the
KamLAND Collaboration

Arthur B. McDonald and
the SNO Collaboration

Takaaki Kajita and the
Super K Collaboration

Yoichiro Suzuki and the
Super K Collaboration

©
&
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To Complete the Standard Neutrino Picture

1 0 0 cos 013 0 e ¥cPginf, cosfip sinf;p O
UPMNS = 0 COS 923 sin 923 0 1 0 — sin 912 COS 912 0
0

0 —sinfy3 cosfos —e'90P ginfy4 cos 013 0 | 0 1
Atmospheric Sector: Reactor Sector Solar Sector:
SK, K2K, T2K, MINOS, etc SNO, SK, KamLAND etc
* CP phase?
, <}:| ~2.5x107eV? >The neutrino
o mass ordering?

« Nature of neutrino

<}:| ~7.5x105 eV? mass?

26



Side Remark: e-Flavor and p-Flavor Feels MH Effect Differently

P(v, — v,) 1 — sin? 2913(0052 615 sin? As; + sin? @45 sin? Ags) — cos® B3 sin? 26015 sin® Aoy

: - 2 A2 462 A2 in2 A

2 (Am3; £ ¢)L
4FE
| Extremely Challenging:

P, sy, =1- Pl — cos? 613 sin? 2693 sin

Need 1% accuracy!

-3
0.15x10 ....... v, 1.5 GeV + 810 km 0SS — cosS= 0 cosS = 1
: 26():I|IIII|IIII|II:II|IIII|IIII|II::II|IIII|IIII|II
L Vg 3 MeV + 10 km 258 — I 9B |
_ —156E " Am® (m.l}fmmumd_:-_gz : JE. :
& - E o 3 3E
s 0.1 q% L N = | = 1‘:3? _______________ I
~ - " 252 = Antee)] B S = {
0&9 : : 2.50 ; I ; E I ; S e S
B E248 I 3E = -
<003 T — | — AR
I 244 —=E HE
i 242 :__Am”‘“)f“‘”“m“_r 3E  cHOOZGmit—>I |
G---l---l---l--- 2_4OE|||||||||||||EE|||||||||||||EE||||||||||1|||
-2 0 2 005 010 0.5 005 0.10 0.15 005 0.10 0.15

Qian et al, PRD87(2013)3, 033005

FIG. 6: The dependence of effective mass-squared difference
Am?_, (solid line) and Am, ,, (dotted line) w.r.t. the value of
dcp for U, and v, disappearance measurements, respectively.

.2
sin 2913

.2
sin 29]13

Minakata et al PRD74(2006), 053008
Bo-Qiang Ma et al, Mod. Phys. Lett. A 29 (2014) 1450096

.2
sin 2913

27



Known 013 Enables Neutrino Mass Hierarchy at Reactors

Py, s, =1 —|cos* B3 sin? 20,5 sin® A I | .
Ve Ve cos” Ohgsin” 2015 810" Ao v Mass hierarchy reflected in the spectrum
T e — Y Independent of the unknown CP phase
—[sin 201 3(cos” 15 sin” Agy + sin” 015 sin“ Ags)

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

L~20km

4 x 20 tons target
mass at far site

n A’,;- 5 ngm»um’p =
468 5 B

. u
< 4 3 y AT !."-4"4' A
% 2 X e
» . {

I o< sin%2013

Total 'I\mnel length
~3000 m

sin’2013 Sufficiently large by DYB, RENO, and DC
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Global Efforts Resolving v Mass Hierarchy

Interference of Constraining Total

Collective Oscillation

Source / Principle Matter Effect Solar&Atm Osc. Terms Mass or Effective Mass

Atmospheric v JUNO

T2K, NOVA,
Beam w

Reactor ve

Supernova Burst v

Interplay of
Measurements

29



We Need an Unprecedented Detector to Face the Challenges

) 700m Underground

Nl AN S ~17612 20" PMT+

v - ~25000 3” PMT

~ Iy
- 2 © . - o ~ < = ¢
¥ \ / a .‘?&‘ \
' - » — — Ly \ » -
4 7 SRR LY T i '
S /e " - B\ r NE
> - a3
Gt B G
& ‘-
Qe S é)_‘
{ : - O
.

3 B rceel filleg
— ‘, e quic ata Central Detector
al Steel Structure +
pporting Acrylic sphere +
20kt Liquid Scintillator

7/5/22 7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22) 30



dN / dE, [1/MeV]

Four Major Challenges in Resolving MH using Reactors

5000

3000
2000

5000 F

3000
2000

7/5/22

Energy resolution: ~3%/sqrt(E)
Energy scale uncertainty: <1%
Statistics (the more the better)

Reactor distance differences: <~0.5km

NH
IH
Best Fit to NH data %
SE'.N"E‘-n =0 l /’\j
o 5 £ o - [\ W
W aed AV Y. VAY
." vw v
S.F. Ge et al o~
JHEP 1305 (2013) 131 -

8E'-i»'.-E‘-l\ = 6%".\‘E'.i> l
/“"h.‘- \‘ ‘‘‘‘‘ .../
2 3 [
E, [MeV]

7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22)
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Y.F. Liet al
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What can Such a Detector Detect?

KamLAND Daya Bay PROSPECT JUNO
Target Mass ~1kt 20t ~41 ~20kt
Photocathode e 490 : -
Coverage 34% 12% (Effective) ESR + PMTs 80%
PE Collection ~250 PE/MeV ~160 PE/MeV ~850 PE/MeV ~1345 PE/MeV
Energy ~6%/E ~7 5%/NE ~4.5%/E 3%/E
Resolution
Energy .70 0 0 ~1 59, (?
Calibration 2% 1.5%— 0.5% 1.5%(?) <1%

7/5/22

(NDM22)

7th Symposium on Neutrinos and Dark Matter in Nuclear Physics
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Packing PMTs as Tight as Possible

20” PMT (~18K)
Supper layer arrangement method 77.8% MCP-PMT (~1 3K) —_—

Hamamatsu HQE (5K)

/

3”sPMT(~25K)

SRR HZC XP72B22 (Photonis)

e TSSO

Volleyball arrangement method 75.96%

Football arrangement method 74.08%

12x

Wei Wang % for JUNO 7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22)
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Characterizing Every Single PMT with Great Care: Afterpulses

MCP PMT

§ [ - : : : —+ afterpulse MO | : —+ afterpulse M1 | . | afterpulse M2 [ . |+ afterpulse M3
8 200_"5 """ "}}l" ws Gaussian fit '_'" """ ‘ """ ‘ """ ‘ """ mmm Gaussianfit [ """ """ " """""" ‘ wes Gaussian fit ["""" T ‘ """"""" ‘ wew Gaussian fit
j{s Constant 202.82 = 12.04 [ Constant127.03 £ 6.83 [ : | Constant117.08 = 6.89 [ : | constant29.13¢ = 0.722
150_3§..:i..,hlean YTTEN ] S TR SRR N g, Mean 21220370 ciciiceiiitociaaiiaaiadoMean 45734287 ciciciiiiicciciiiaeiid Mean 1688122003
L i {t Sigma 40388=2400 | ° TR Sigma 12449 =938 | + i |sigma 12008067 | | sigma  a1453:4764
Fy: /'N\ “i‘*!; : : : :
100_..-....5..r ............ :....:...... ..... :.....:....... ........... \;; .................... ..... = e cccccccnns i..t\......-..‘ .................... _........-............-................. .....
J E = § =F: : ) ?T’ZW_ : : ; ’ 4 :k\ : :
K SN N B A TV B ST A Y | :
L8 4 i + ++ ., 3 YLK - : - y 45 i 4/ - :
soff----fF-- 4 ++ ++++'H‘f' g e de 3 o ISR - W O, | - T e SHTRTTRRES LT T R
Y +++++ + RN T Y R LA L L F,H 1
Fat HE Ty L R T Ll ““'%"*’!' A ’””"“m#f Myt e as
. . . . . . . . . . . . . R
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| R L S T S —— afterpulse DO [ _:........ Ty M. Row—— —i=afterpilaeBl L. .5 osioassniaasasss] =T @lioipiise D2
8 L : : : wes Gaussian fit o : : : === Gaussian fit [ : : :| === Gaussian fit
1) 1] petsidet it R SR PR Constant 46.723 +5.761 % -"""""" e s S TRty Constant 28.977 +1.186 [ --%-=-- """ SRS eReiioch | Constant 50.383 + 0.904
80: : : : Mean 84251+854 | : : Mean  38733:639 [ : : : :| Mean 14314 =386
: : : : : Sigma  71.231+12900 [ : : : Sigma 113861053 | : : : ‘| sigma  2438.9 £41.7
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o
20 bocedeogflilece \\1_.'_ ..... biverdesesdiinnsdi #ﬂﬂ’ﬁ'ﬁlﬁﬁ%&”ﬁ
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HAMAMATSU PMT
For the complete details, please see our forthcoming publication on 20in PMT characterization

Wei Wang % for JUNO 7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22) 34



Large PMT Electronics System Overview

VHSIRTSO* v, ), -h.)

/#01-01)/0*+")2345)67
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Wei Wang % for JUNO 7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22)



The JUNO Calibration System

Automatic Calibration Unit (ACU)

Guide Tube Calibration
System(GTCS)

Central cable

I ‘7 r l Spool drive
Water Line

Side cable

pulley

\ \' /| source
3 s“" o)
source source

O Complementary for covering entire
energy range of reactor neutrinos and
full-volume position coverage inside

JUNO central detector

&

Cable Loop System (CLS)

Remotely Operated under-liquid-
scintillator Vehicles (ROV)

Wei Wang % for JUNO

7th Symposium on Neutrinos and Dark Matter in Nuclear Physics (NDM22)
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Expected Performance in Energy Responses

JUNO 6 years data taking
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JUNO Calibration Publications

 Calibration Strategy, J. High Energ. Phys. 2021, 4 (2021)
ACU Hardware, JINST 16 T08008 (2021),
CLS Hardware, Nucl. Instrum. Meth. A 988, 164867 (2021)
GTCS Hardware. JINST 14. T0O9005 (2019).
ROV Hardware, JINST 13 T12001 (2018).
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Expected Sensitivity for Precision Measurements

m? days R 6 years 20 yearsl
102 ' T T T ]
E i E —— Stat.+syst. 3
® JUNO p|ayS an - e | P Stat. only
- . T i i ® Am% *  Am3,
irreplaceable role in Sl I . A st ® st
precision measurements, s
@
especially for solar sector 9 100
For more details please refer to arXiv:2204.13249 ‘:') -
>
E 1
& 1071 =

Ll L
10 103 104 10°
JUNO Data Taking Time [days]
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Expect Sensitivity to Neutrino Mass Ordering
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234 236 238 240 242 244 246 248 2.50

|AMZee| (X107 eV)

As e-flavor and mu-flavor are complementary thus JUNO alone reaches ~3o0;
with external inputs from mu-flavor neutrino beam experiments of 1%, the
sensitivity could get improved, 40 for NH
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Reactor Neutrinos Need a Resolution Desperately

(Fission yield is a function of the fissioning nuclide and the incident neutron energy)
http://irfu.cea.fr/Spp/Phocea/Vie_des_labos/Ast/ast_visu.php?id_ast=3045

T. A. Mueller et al., PRC83, 054615 (2011)
. P. Huber, Phys. Rev.C84, 024617 (2011)

« Daya Bay, PRL116(2016), PRL123(2019)
3 * RENO, PRL121(2018)

« NEOS, PRL118(2017)

* Double Chooz, Nature Physics 16(2020)

Fission yield (%)
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Fission induced by thermal fass numper Fission induced by high
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(fission spectrum) neutrons energy neutrons (14.7 MeV) llll'l”os NO

"E et AL RO A Nuclear Calculation pé’/'fé
2 (c) Y . ==== B Conversion, Huber c
= ; 3 . e B~ Conversion, Mueller
% F --=-=- Nuclear Calc., Fallot
= : :
g> R S BBl P
177} N
x : : : ":.\’
o : 5 ? ?
Phys.ReV.l.ett. 114, 012502 (2015)
I i i i i
w’ —+— Daya Bay
=z 4.1 ® RENO T —— TR |
8 Double CHOOZ : ; : _
m“"" 1 LT :-'...? BT L Al il S k
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5 {d) Ratio to Huber Model " ; l ]
e 2 3 4 5 6 7
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Forming the Concept of the JUNO-TAO Experiment

» Measure reactor neutrino spectrum w/ sub-percent E =
op shield

HDPE, heat insulation layer

resolution Filling port
« Taishan Antineutrino Observatory (TAO), a satellite
experiment of JUNO: 30-35 m from EPR core #1: 4.6 s
GWih

« Close to core - Ton scale Gd-doped Liquid Scintillator SIPM array

‘J
Cu shell

* Full coverage of SiPM w/ PDE>50% —> Operate at -50°C =

Support

(reduce SiPM dark noise) P T =
HDPE, heat insulation layer
» CDR was released in 2020 (arXiv:2005.08745) | Ground -

Set to resolve the fine structure in the reactor neutrino spectrum!
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Another Unprecedented LS Detector: JUNO-TAO

 Provide a ref spectrum for JUNQO, to remove model dependence
* Provide a benchmark for nuclear database, measuring fine structures (E resolution ~1% at 1 MeV)
» Measuring isotopic neutrino spectrum: Extend to different fission fraction; test ab initio spectra

» Reactor monitoring, Sterile neutrino, Possible new findings w/ unprecedented resolution

7/5/22 7th Symposium on Neutrlno(s’.\lel))nl\c/llzDza;rk Matter in Nuclear Physics 42



Timeline and Current Status

m Experimental cavern excavation finished - just started detector
installation

m All components ready or under production - no serious pandemic-related
production issues

» Ready for data taking in 2023

Neutrinos
2021-2023
* Detector detected

installation,
2020 * Detector
*  Civil

ready for
2018 construction data taking
+  PMT potting completed
+ Startdelivery * Electronics
2017 of surface mass
*  PMT testing building production
start
* Start
2016 .
. PMT TT arrived production
2015 production °f:“y|'°
sphere
*  PMT production . Zt;n .
line setup pa s
CD parts R&D production
Civil construction stant
sart *  Yellow book
published
7th Symposium on Neutrinos and Dark Matter in Nuclear Physics 43
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Flux [n/cm?/n-source]

RIS B RIERIERPRFESPF RMIRARE

T T ——— (Fission yield is a function of the fissioning nuclide and the incident neutron energy)
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https://www.nuclear-power.com/nuclear-power/reactor-

M. Brovchenko et al., published by EDP Sciences, 2019 physics/interaction-radiation-matter/#Neutron_interactions iﬂi&ﬂg EF'?I%E%E?Z{ EEﬁ'ﬁ'I‘;&i&Eg EF'?
BERRE (A5 ~10MeV) , 3
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http://www.oecd-nea.org/janis/

\V/7ai current safeguards practices.

Challenges of advanced reactors

ltem accountancy relies on: Non-itemizable fuel Sodium coolant (intransparent)
- itemizable fuel assemblies - molten salt reactor Lifetime cores

- frequent refuelings
Each of these characteristics invalidates some of the

P. Huber
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Bottom Detector

(Japan)
‘ NUXE
Akkuyu TimeCube (USA)
Watchman  VIDARR (Turkey) (USA)
(UK) (UK)
Neutrino-4
\ DANSS (Russia) Z\IUUSLZ;
(Russia)
PANDA
(Japan)
STEREO — CHANDLER
(France) (USA)
PROSPECT
JSNS2 (USA)
(Japan)
NUCIFER NEOS
(France) (South Korea) \
ISMRAN Hanohano
(India) (USA)
Angra
(Brazil)
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Hoff Lu: “The Father of Nuclear Energy in China” N2 SUN YAT-SEN UNIVERSITY

1941FIRRHEXRFFTEN , RF11AKFERPLIXF(EN

- VIR2FFFRLKFRS (EFRFHRAZBENRETIR) | 19445%
FEFE (BZF) L, EEFEEEX2AFEREANRERMIEILFRE
RNRZ G ER £ RE

+ 1945 F—FEFIMRIER | 194655k (FFaESRFHE)  HE
—FREFRE (EIERT) |, kA "B—MEERFIEMZEIAN"

- FHTRP7ERMIZEE , ARFER  RHERZFRIERTKEAT

PUXZFREREDFER FESREREITRIER
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SUN YAT-SEN UNIVERSITY

Hoff Lu: “The Father of Nuclear Energy in China”

- HARBRRMAEFRIRR AR

The first scientist to discover the isotope effect of hot salt ion emission

- R ES—MERNSIETEINFEEL

The world's first scientist to accurately measure the abundance ratio of lithium

- R EE—MEREFESHREHZEIRER

The first scientist to disclose the secrets of atomic bombs and nuclear energy

© FES—AMNEEETORFR

The first scientist to observe nuclear fission in China

- FES— M 2EHREFEMABNEZER

The first scientist to fully introduce the knowledge and application of atomic energy physics in China

« B-MRUEBTHRHEMOHRER > RiENEPR “FBERARELAR”

The first to propose basic equations of relaxation and compression— "Hoff Lu irreversible equation™

scientist

Wei Wang/ =+ %5 SYSU PR B RRIE T AR R SEARZER St 47 55



