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« Why did we start research at Kamioka?

* What made the SN1987A neutrino detection possible?
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* What made the SK-Gd project difficult?

* How were those problems solved?
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Prediction of GUTs in 1970’s

VoLuME 32, NUMBER § PHYSICAL REVIEW LETTERS 25 FEBRUARY 1974

Unity of All Elementary-Particle Forces
Howard Georgi* and S. L. Glashow
Lyman Labovatory of Physics, Havvard University, Cambridge, Massachusetts 02138

1 —re i
{ ! e
(Recelved 10 danuary 1979 n o]

Strong, electromagnetic, and weak forces are conjectured to arise from a single funda- .
mental interaction based on the gauge group SU(5). Georgl and GlaShOW
We present a series of hypotheses and spec- of the GIM mechanism with the notion of colored
ulations leading inescapably to the conclusion quarks’ keeps the successes of the quark model
that SU(5) is the gauge group of the world—that and gives an important borus: Lepton and hadron
+ +
d S , € u e
X Y ¢
p{ ~—> /S > d 5 A U
=]
u . u }M u u P d .
> roton decay was predicted.
d Y et

u ut Expected number of proton
decay events was 30 ~ 300

X ¢ u ot events/1000ton/year for 1031 ~
chﬁ ?é_: 1030 years of proton lifetime.

P. Langacker, Phys. Rep. 72, No.4(1981) 185.
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Large proton decay detectors were constructed in 1980’s

Frejus
(700 ton)

Kamkne (880 ton)




Kamiokande-| (1983-1984)

sy,
e

LS ‘ '
# o Standalone tank ]
’ 4 %in a cavity :

Original purpose:
Search for proton decay

Y Inner detector only, i.e. no outer
detector.
Readout of charge information only

| ‘ (i.e. no timing information).
an ) i
/7'LT{ ““““ B VAN N N N W

WATER PURIFIER

B CONTRGLLER HUT
L i
L 156 m n

t6m

Fiducial volume: 880 ton
(2m from the wall)

1000 20-inch PMTs were used
Photo-coverage: 20%




Competitor: IMB experiment

IMB

Irvine-Michigan-BNL collaboration Fiducial volume: ~3400 f[Oﬂ
e (x4 of Kamiokande)

7,000 Ton Water Cherenkov Detector | 2048 5-inch PMTs
(1982 )
’ Photo-coverage: 1.3%

4 y | -
4 v It is enough for p—>e*n’ search

Already started in 1982

First discovery of proton decay must be from IMB.



Purpose of Kamiokande

Aimed to measure

2000 1 T, 'I\ T T T T T
. . \ P- etk°(2T®)
branching ratio of proton 0 | T
* Kamiokande % 1800
decay e
v R RUN# © 0O 1400 | Pret P(TS) i
* " ° : EVENT # & 4
A TIME : 23-27-20 8 1200 |
: : s pE s 3200 o p>etw® (T .
NUMHIT : 783 o 1000 |
Oy O N s et ()
T EEEST However proton decay was not observed..
138120080 00geer ety sereszoseeoetta s &
.°:::;282;822388058:::.:":‘::::8882 °2208§2' ¥ o400 | Poe¥ r+e+z<°(rv>>< b
0000000000000 00Qo0000000Q0 n=-e’ " m
ce e+ 0000000000900 00CO0CO0OQSss+0 =0 Q0000000 0()o
s 0000+ ec000e0000Q00C00800s5 00 oQQooo0c00Qo 200 %
+ 060000600+ 00s()00DG006s0so0sso0 Q00000000 - -
s Lo Phg - . i O % ek (U™ V)
e+ 0 ] 1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

p—e*r? Monte Carlo simulation

~ POSITRON SIDE(P.E.)

/

High resolution detector for measuring
the branching ratio of proton decay.

It should be useful to pin down the true
KGUT model. Y,

~

8



Upgrade to Kamiokande-II (1984-1985)

Thanks to large photo-coverage, it was found that the detector is
sensitive to low energy events.

So, the detector was upgraded for solar neutrino measurement in
1\984-1985\._ S

.
A

N i
\K'i? ﬁ
N

A

external gamma rays



Upgrade to Kamiokande-II (1984-1985)

Upgrade electronics for readout of timing information.
It improved vertex reconstruction.

Univ. of Pennsylvania people joined.
R.Van Berg E.W.Beier

5 “’K

S~ &£
VERETTNN

UPENN electronics was installed

'--‘;%_—- - - -~

. .Y in 1985 autumn.

B.G.Cortez A.K.Mann
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Battle against Radon(1985 — )

222Rn — 218Pg — 214Pp — 214Bj —B (3.26MeV)

1000

TRIGGER RATE (Hz)

10

100

IStop supplying

| |fresh water

wwwww

APR  MAY

L
JUN
(1985)

! A
JUL AUG

Fresh water supply mode
— recirculation mode (1985 April)

10.0
Fresh water (=210 tons) ]
o Improve water system,
,\ \\ \ air-tig htenlng|g,§;f;;g:;:g;w of
1.0 ' '5\'1. \‘\ ]
05 | h""”"“!'mﬂ% "l.““ .
S DR { LN __W"""W
Radon level was|
SN1987A stable at that tim
0.1 . . » - . - : : : :
o8 7 1987
A r-tightening
B the tank

Cf. Expected solar neutrino event
rate was ~0.5 event/day.

TRIGGER RATE (Hz)

e
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Vertical axis:
Number of hit PMTs for each event, 12 events within 13sec.

which is almost proportional to energy 11 of them are higher

N ' energy events
100 — e fhnergy events.
80 * A
B'D ~ - ——
: F
40 - . |
o* . 4
20 * .: ‘. - - 1
- < - LIS S . . %N
. =. - " ‘:'"'l- H "" « = "_ 'f' :.‘. ..:; . -I. "?‘u" ‘-:'l.‘ ' } . -I

0 1 i

»\ TIME (second)
at 16:35:35 on Feb.23, 1987
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iIcal event displays

Event #1

51D FIT (¢

(C KAMIOKANDE 2 - P »

~ EXALODED VIEW -
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Kamiokande, IMB and Baksan observed neutrinos

NN
o

W
o

ENERGY (MeV)
N
o

—h
o

e Kam-Il (11 evts.)

o IMB-3 (8 evts.)

i A Baksan (5 evts.)
_Q';I)o. ? 24 events total.
[ %
ALERE

% rf
0 2 4 6 8 10 12

Time (sec)

Detection Efficiency

I.OF__T T T T
:LSB_—am-1 2140ton

0.8+ f’r-B_ﬂLIES_CI?‘I_
.

0.6+ ! -
B MB
¢ |F 5000ton

04l : -

o2t i

O -" | I 1 1 1 _J

O 0 20 30 40 50 60

Detection efficiency

Electron Energy(MeV)

Enerqy threshold (at 50% eff.)
~8.5 MeV @ Kamiokande
~28 MeV @ IMB

~10 MeV @ Baksan
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Binding Energy [10°3 erg]

What we have Iearned from SN1987A

30 g » o
= - S — F
Contours atCL )] W rp
i 68.3%,90%and 95.4% | & !
B 1 o 4O f
| a i 15 — 10~
20 I~ - > >
- 1 B ] 804
N Jl o O |
c 1€ |
| — QJ 1 G) [
R Simulations N ) 1 o}
(Basel, Garching) 1> 11> I
10 . ] o) S| _'_c al
B 1 Q Q |
(%) 1wV
i 1 © { @
g 127"
q') -q') TR SN N S SN ST TN ST TN ST N T T S N NS T S ST S NS SO S W B
0 " Q: 0 ; m 15 30 35 4.0 4.5 5.0 55 6.0
1 2 3 4 5 6 T [MeV] T [MeV]
Spectral v, temperature [MeV . .
P e temp (MeV] Vissani, J. Phys. G: Nucl. Part. Phys. 42 (2015) 013001

Jegerlehner, Neubig & Raffelt, PRD 54 (1996) 1194

> Total energy released by v, was measured to be ~5x10°? erg.

> Assuming equipartition, binding energy was estimated to be ~3x10°3 erg.

» The observed released energy and explosion time scale were consistent
with predictions from the supernova theory.

However, no detailed information of burst process was observed
because of low statistics.

15




Angle vs. energy of Kamiokande, IMB

KAMIOKANDE 5F IMB 5
s [ 1 5 F i e
11| 0 | 1 ] 7 |_u48 ] 1 m ] ]

T 71 40| P— ..
L o Z_ — — 1 4 6. 2 5 -
-'/-\30|'_ = ’\30_ ]

> 1= L 3
2 I i °
\.zzzol'- 9.‘0 n \2/20" 8 e
) 1 o L 7
1w 2 o2 ] L
I:l 1 100 " 103 12 4 41 - 1 10 T

Lo 11 \ " \ L | . %. . , ) L1 l- | 1 ] ] 1 | ] L L f |

3] 0 -1 0 1 9 0 -1 0 1

Events cos8 (to SN1987A) Events cos®

e First Kamiokande event is from the direction of SN1987A. (expected electron scattering
event is 0.4 for entire time range. Expected neutronization event is 0.001~0.005)

e Higher energy events of Kamiokande are close to the direction from SN1987A.

e / out of 8 IMB events are in the forward hemisphere.




Solar neutrino observation at Kamiokande

K.S. Hirata et al., Phys. Rev. Lett. 63, 16 (1989)

VOLUME 63, NUMBER 1 PHYSICAL REVIEW LETTERS 3 JuLy 1989

° Kamiokande Successfu”y Observed Solar Observation of *B Solar Neutrinos in the Kamiokande-II Detector
neutrinos and published a paper in 1989.

Q0
O

L N —

. (a) Ee =2 9.3 MeV

» This observation satisfied the
requirements of "astronomy" (according

to Prof. Koshiba):
* Real-time observations
» Measuring the direction of particles
» Measuring the energy of particles

(0)]
@)

EVENTS/BIN/450 DAYS
\Y H
o @)

« Kamiokande confirmed the "solar
) " . . w B0
neutrino problem" but its cause (neutrino | 5 (b) Ee z 10.1 MeV
oscillation?, solar model problem?, etc.) | &
was not clear at that time. 8 40}
S
N
0 20
<
s
>
i
o L | M { "
-1 -0.5 O 0.5 1

COS(Osun) .



Cover page of the document for the
Super-Kamiokande budget request

Fiscal Year 1991
Pk 3R BERER S R
Document for budget request

KBRSy 27 FH N T B

Large Water Cherenkov
Astro-Particle Detector

B O Ok %
The University of Tokyo

18



Research subjects

wEE T RET

o F —§iRE
e —

8 8. F

) B % /=

Zz & - Eo )]

i BoOOoH @A oo [

I 5 -+ Ath o 2

R T

= 1 E |

= g ? e P e

l TR 1 L I}
[io g piogomgpeilop e g mp ] M| | T |
w* 1 1 0t 10" 10

I F 0= A — b {GeV)

EaErbhhsliin, A-—WEBTERITECE, FHcEGC 2 ¥ —RECHEIEsD= 4 —
U SEABEMTETED, —K., BTHES, TR0 8], BESLOATVLEABAONESTL S e
R FAE~ A ~ADHEHAEE LT3 L Efbnd,

DFTH#thodRoE 20T ~%,

D FEB=a—t )/ ORERE
TAVADF+ ERALBEIDE I b TV ARRRAVETRAERTEE-a— I /R BESTFREOHE

SUTFLAERTHRVZEAHMBIA T2, Sk TKE= .- MY /N8I 2843 60, ZOMBOmSE
HELE - WEEL TOBRATBEEL S TVE, FHFETR, B~ )/ OREsTOREYRENES

Brémaly TRB=a2—t0 /HE] 2HiET35. TobbRBFLOREATHEL D LEHFECELO M
TUFELOME) | fhds .- ) AROMET bR - b U B TR TR D= o —

PUSEESEhEON (HHEHME) 2AET5. L, TEAB=a— b ME] 22—/ OBE
ELikh, LOfNE=a— I/ CHEFSS 2 ERL, FHTOEUER T CELV OB TOR
BWELLD., AE-ARE-~OBERMBEEEL DRl b, TRBsa— U/ B 8ETSN
FELZL, PROKBOEENRIEET L2400, IOBBRFTYSEN HCAR¢BETE,

@D HEFEEERNLO=.— P/ OBERE

BHREGRE,SD =~ b ) /2, £ R UD TRTHR G TERC L DER62% 2 H28E DB E A i,
AMATRREN TOBFEBR =2 —+ ) /EEOBRIZBEOHRE (TUBEEOH) R TEFTL, J 08
Rl hEfEER (GETRER) o =X LoREBRORELT 5. 4, o8B, =.—-hY
JOWE (=a—F )/ OBESR, =2- b JREE) OMBCLEECEELF—2Lid, Ik, o0
Ru%, 9RFOSHE~OERDRADAELEV L, T TIRENERE 2 FUHOHBMCETIIATI B,
@ BEOEFEWRT LERE= -+ ) 2 OFERE

BEMEFTEHTE-TVWEBHER, =)/ 2FHECHLL, SHR B4R hALD=2—F Y/
CEoTHlZhTek, CORYERR L= /ORETORGRAETI - 2ok hiEehit s
ERNEOENET hh b FHOBREX RT3 0T, HEQ TR~ ENRERA D o — b 1/
BHIEE hizf b, EROBUREOHNSEEELZH LT 2. EFAEERTLENEZRATL 54, NES
BPETET, HRMEEB TV, FHEOHFRER - TR LS THREABERNZhZ L0 BEE2h TV 5,
@ FKE=-—FV ORGHE

HMEBEASFT BT EOFERL, AP TORET=2— U 8RET3, chbkbG=x—+tV D
AESFHPHEYBECNETIZLE LT, =a—F I /ERHORENTE S, BEEANRTIE, A8=2—

A

b OFMERIFICLD, BEAMWD =0 —~FY /S ($a—s=a—Ft1 /) ODEGEESNTFEOCRENY Lk
VEERHMLE, coERIR, LR —- U S REETHIWMEESAB G, TONBECEEZCHREST S
BiEid, FHEHCZLD., DVHECNENLETSE, COTESNRES AR, DOKRB= =T 2R
B~ PN /OEEOFELYRRL, FRFOFENRTHRETELVWIHTOERFR LN, AFE—EH
F~OEEARGEM DAL, (Fa bR =2 - ) S AMTPEMAC = — P ) S REDI £, )
B WMrFAF-—HKE=--—-rU L AERGEOHES
Fhbh, FHERX-TURVHESETRASHHIN., FRKECHI Lfibh Tl (TRAR
VEE) O o AFOMAE LD ZAGD TRAGVWHHEI R+ OEIEBAE TWEBTRETTILE L,
ELFLURRTOTHENB+FE-TET-L (BRER) . CALCOERTRABCEESLOHRALT
WA=~/ RRETE, FHUTRIOLISFTF LT KB~V RELLBIET
LHERHEOCTEEXTRT L. CONEREBEROoBENT*ERTIERTS 2. WRDHE O EHFE HHE
ThiZthiZEEed, $ETHLATVAERTLE (R -ALERTTHLOT, BERNTHEFORELRE
%Uk%?&%E\Ex#?ﬁ%h&afm%&E®ﬁ$E§m§%®~0&m%,ﬁt.?ﬁmﬁbfb%b\
BLThans - BENMECHBIC BT T#L L5,
@& BEz L¥—=a-tI/ AEOER
TP ETESPHETEF- T ahETAR, BFPEFEYEG- 44 —EME L T2 T@EERAY
Ve ZhbOBERTRAALFY—BTFORTFEREO A LEELTEE A F—mx—b )/ RERT D, #-
THBRERETZERLFAF —c o=/ ORBIL P TER ST 2 B TOMEMELBEToRE LS,
D BTFHREORS
BFHEL Aodhif, BEFOAR—ADROEEMREC LB L4, FEOHTF - LEFFHHIEICH
CTHEBMENYSL, PO POAVHEETORREAD BB S LD ARTRLTI O LN D. RHETR
RIS MER 220000 ) OHORTOERLERTS. BTHROBAREV A T FMEORLEELE
BTHED, FslRANTHEEORLERLRRO—2E L5 THAL D, ATNEERTRIBTHE DM,
Eai2rd, FAIIREALLOMBEREN A LT, R TRLEFLVWFGOTFTREEHT-5, ZHETIEH
FHEBCELTHEEVRTFONGI THETESI 25, ILRTFHENERZh, FOBBERSLRLRIT,
B2 AH—BRAOIBLARELwHEREL, D TR, BEHETEDLEHR—ERA~ORSM DS 2
e
@ PET—EPHETHEHOES
HoEOAR-ME LR, ETEPORETRERPETEEFR2AZ I A TEERATL-2. NEBHAD
HKETHOMERTEFTIOREENEL AL, FRSALEFHTREICETEEE LTETRERZ 545
RELTLED COBERPRATIZ AL N hEF—RFFRDEERL, 50 AR—AHORIESY
Tich. e, dETF—EPETREBOFELI 3AH-—EROHEBEER LA TV-20T, KFE-BWoOX &t
R E,
@ =/#-0 (HEHEET) OER
FE—MROEEMARE LTE/ - DFEMATESATL S, 2/ - RERCEERLE LB A
THEfEAZERTAET, FEERTRLLY » S VESEDEEROBRTER IR LF2 h T 5.
o 2 AV TERIRLT/ A AREEL I OTHEEM T B, RFETIRE ) #- kBB Lh,
KRBT TE/ - ARBTHELFI2EL, tOMRHT d=a—- I /¥ RHETHZLEELYD, 2/ -0
ZERT L, T/ A -ALOFESER AL, AR--EROBSLANIL-CLRE, FEHNE» 2 v 0E
Bz F—nRBhbnE ol EOEEMIENELS,

—_—

(0]



Research subjects

ST RE T

B ]
e —
” i ! =
" 2. 2
: B B o, &
Z & - b A1
it s ow A oo )
| + -+ ath z 2
i 7 a3y i oo o
1 H E 1 F [
= -4 ? s n B e
4 '] - ] + ok 4
Fie gy iley e gy o | PP T i O okl |
10 1 10 o 0" 1

Ik F = A — 1 {GeV)

BEaEXDbhhE L0k, A-A—gEATERAT T, FHCEG 2L ¥ —HECLE2Er D= 4 —
FU/EABIIMTETS Y, —, BT, T A%, BESLSATHARAOMES TLL LIS
HinIﬁE?‘:ii\:fi"-\?—zﬁr—»-’/)&lﬁﬂ‘ﬁfé LTwadobdibindg,

BTt h i BRoEs 2 THAE,

O KFE=a—r)/ OE®EE
TAYADF FABEE DRI b TV A RRRC B RASR TS o — ) SRS REONE
1 I & &4 Z DB
(MSolar v precise measurement ,m@m;gf

AiEEEN, THEER=2—b0 S HE] 28HET5. TobbEREFOLORESTEEL D LEECEL-O -
'(iiﬁﬂmﬁl‘itﬂ:;nhU/é#@ME?&b%&RLJHbU/ﬁﬁ¢T&m?$khﬁ®:;~

PUSEERIR O (HHEHME) 2AET5. AL, ARz — U /Bl fi=a— U/ OBT
t;&ta\:@ﬁMR:;—bU/Kﬁi#é%:t%gﬁL‘ﬁﬁ+©ﬁﬂ@ﬁ?ﬂﬁf?&vﬂbfﬁ%
BEIELih, AFE—ARE~OERDERE» DEhil, 2l PRBs2—FU/ME] 5FETSEH
FELZL, PROKBOEENRIEET L2400, IOBBRFTYSEN HCAR¢BETE,

D BFEEERMLO=.—F) ) OBERE

@Supernova neutrino precise measurement

B e o B R L

(Za—P U/ OHSE, 22—+ /RS ORBCLIEECEELF -2 L3, &k, 208D
bk, TTREMNGEL RRNOHEBTETIATL 5,

A Not found yet -

Tl F AT - T AMBEIT, —. =kl JREhE ] St er st m = L1

@Supernova relic neutrlno preC|se measurement

ﬂﬁﬁﬁntnm‘ﬁ&@ﬁﬂ&@#%##?ﬁ&ﬁLf'  BETAERBTLENERA TV M, WES

MI Main topic of Gd-loaded Super-K im
@Atmospherlc v precise measurement . @

A

Score

FUOREEERFICLD, BEAENa RIS (da—v2a—F /) OEGEESTEOREY L

WEERHW L, COBRE, LR - Y RETHIWEESHEGE, TOTBELESCHET S

B, FHEC LD, IOFECNENLETHE, COUEESREShAR, QORB=a =t/ 2R

Bea- bl /OEEOFEXERL, FRTOREMR CRETELWTUDTORRFRRLI Y. AE—EW

F~OERGSEZEHDEAT . (2 b /RE 2= D HMTPEfO= — b S ETEI £, )
® WrIsF-kKBE---FU/ ELoERGEOESR

®High energy neutrino from dark matter in
the Sun

ThiZFhiRHEhbd, $ETHLATVEENTLE GR-AERTTHE0T, BRTHELORMIRE
2 At LR, TR T N D=k, B, PEHMELTL S0,
LTl aimdl5 iRy

® HEALF—=a-}Y

®High energy neutrlno pomt source
Ongoing

D BFHEoRM
BFBES Aothid, ERFOLH—MROTEMBIICEE L2 LI, FEOMT © b 2 i A

(DProton decay search .Y Pt
¥ k#=9:-ONQOING  z=x»
WTHED, SRR TR LERIRBRRD 2483 THL 5, WTHERFR TiiipTEBEDSEL
gtz HFAIIREAEDHBEES R LT, tRTRLEFLV-EFOTRE2ETV5. HETIHEH
THEBEELTHREEVRFOMNGI THETES: L5, TLRTFHENERZHh, TORBRSYEDLRIT,
M2 AFH—TBHROAELABRELLASREL, DT, BAFTEH-EF—FA~DENhh 52
B
& WHETF—EFETFREHOESR
HLrEoXFE—-HRCIhil, EFEROhETARPEFCTFR ARSI (AFEER TS NEBHAD

TR A4S
‘n 7 OSC|IIat|on .
ie3 PEFEBONELD 5 XM ORI Ongoing
SRS,
@ =s#-n (HEEST) OFER

AE-IROHEMNRR L LT/ A 0FEfTEERATHS, =/ - vRERCERALE DA
thhTvd,

@Monopole search - 32k,
e Ongomg e

EERT 2, T/ A - LOFESER I ALY, AK-ERO% ERIF, S ] - ]
BLR o F—DRBLBHE I EDEEMIERL TS,

(@)



Super-K construction
[

Outer detector PT installation Inner detector PMT installation

We did a lot of labor work for the construction.
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Online monitor

Mark also worked on an online monitoring system.
The computer, called “Kingfish”, distributes data to an online event display.

The soffware (part2)

S, how thet we have all
‘Hm’ I_bvel, dete stored In _7 ‘
lh!mr)r , We Ufe the First?
,'Df our Jd’qd.eJ pracam; :
SCANT SCAN s a Yast
ke

event n'a‘qaln;/ Seanmer with
several nice Features:

1) blink between inner and ouler

2) Cobor-keyed T and @ ewlpuit

) 5[-'-/"»3 Cobr  Seale

C SCAN= Speady Color ﬂ_}'/ql;zer)

Copy of the transparency from Mark’s presentation at the April 1996 collaboration meeting.
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April 1, 1996 Super-K started

'Wa
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April 1, 1996 Super-K started
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April 1, 1996 Super-K started
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Initial Discoveries at Super-Kamiokande

1998 : Neutrino oscillations were 2001 : Solar neutrino oscillation by comparing
discovered with atmospheric neutrinos SK and SNO data
(muon-neutrinos to tau-neutrinos) (electron-neutrinos to muon/tau-neutrinos)

27



6,777 inner-detector PMTs were destroyed.
1,100 outer-detector PMTs were destroyed.

Approximately 60% of the PMTs were destroyed.

The damage was triggered by the breakage of
one PMT at the bottom. This created a
shockwave, leading to a chain reaction that
caused many PMTs to break.

Broken dinode

A lot of gla

S e— = wt e

ss wreck at the bottom28




Super-Kamiokande reconstruction

: " Acrylic (13 mm thick; front) and
Fiberglass (9 layers of glass mat; back)




Super-Kamiokande Collaboration meeting on Nov. 11-12, 2002 at Osawano

* Ak kkkkkkikikk
Nov. 11 (Mon)

v e e s e ek ek

7 v e o o e v e ok

9:15 - 9:25 Preface Y. Suzuki(PDF) (PPT)

SK reconsturcution

9:25 - 9:40 5K reconstruction ID work + hardware status Y. Ttow
9:40 - 9:55 SK reconstruction OD work + hardware status B. Kropp (PDF) (PPT)

Online, Acrylic, Calibration

KEEKEXKEKKRARKXKX

Nov. 12 (Tue)

KEEAKAXKKKXERKXKX

KEAkEKEXAXKAXXX

Potential SK Upgrade

9:15 - 9:35 Gadzooks! M. Vagins

ATMPD + UPMU

N2k DEARKICIIT coendad o A L E oD IDDTA



The 0.1% Solution

GadZOOkSI Even better, to collect >90% of the neutrons
D . on gadolinium you only need to put 100 tons of
GdCl3 in Super-K! That's about twenty cubic
meters, or a 0.1% concentration of Gd in the
tank, and we can tag all the SRN events.

SK-III should see about five each year with no
background at alll Now imagine Hyper-K see-
ing 100+ supernova relic neutrinos every year!

But is the weird stuff in the water dangerous?

[A Serious SK Upgrade Suggestion]

Mark Vagins
: _Umiversity of California, Irvine :

Osawano
November 12, 2002




-

Test at 1kt water tank used for K2K

SciFi/Water target

.__5____
=

1kt i
Water Cherenkov
Detector

SciBar detector

Muon chamber

To Super-Kamiokande ‘

=

In November 2005, GdCI; was loaded with 0.02% solution.

KT cosmic-ray thru-p QISMSK(pe)
: : A A T
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Light yield of cosmic ray muons has drastically reduced.
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Iron ion concentration was increased.

3 0.5 ppmFe

0.4 ppm Fe

1 0.3 ppm Fe

0.2 ppm Fe

0.1 ppm Fe

0.0 ppm Fe

Visually inspected and we found
that rust is a big issue. 30



| started to get into the GADZOOKS! project through
studies on corrosion and environmental impacts

Gd committee report on
Impact on the SK tank

December 3, 2006

M. Nakahata

Corrosion of stainless steel
based on the report from Mitsui Engineering and
Shipbuilding Co., Ltd.

Tests proposed by Mitsui

Gd committee report on
Impact on environment

December 3, 2006
M. Nakahata

Effect of gadolinium on development of aquatic

animals

Research by Honorary Professor Hideyo Kuroda (Toyama
university).

Corrosion test by Mitsui

June 23, 2007

M. Nakahata

® Measurement of Polarization curve
® Evaluation of crevice corrosion (3 =EER)
® Evaluation of stress corrosion cracking (it: 717&

BEIn)
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GADZOOKS! people proposed to dissolve ~200 kg of Gd(NO;), to SK.

Gd committee report and collaboration decision for that.
(Nov.2007 collaboration meeting)

Summary and Recommendation

— Very low concentration of Gd(NO3)3 fulfills the previous
requirements, though possible unknown risks. It is deadline of
decision, so the collaboration must judge its motivation and
the risk now.

— Official local ICRR participation and responsibility must be
needed for further promotion of the project.

— Some remaining check must be done and reported quickly
(transparency at 337nm, etc..)

— For final approval, answer for remaining questions, detail
plan, cost, man power and responsibility, including local ICRR
contribution must be written in a new TDR of option alpha
ASAP and presented at the next opportunity quickly fwhen—=2
Ferex-around next TMC?).

— Remind deadline of Gd removal is strict to protect further
schedule of SK electronics upgrade.

Additional questions

* Unknown risk

— Known unknown risk

1. for the damaged cable
* Pure water = no problem

* Gd = conductive water

2. BG increase by the remaining Gd in the water
tank

— Unknown unknown risk??

Alternative way |

* Make <1kt (?) water tank equipped with
sufficient numbers of PMT to test various
things with 0.2% Gd concentration.

— Almost all the purpose of the 0.0004% run can be
achieved.

— Canrun a few years
* Please answer if this approach is acceptable
and feasible
— Size?
— Number of PMT?

Alternative way Il

e 1sttest at the time we will replace PMTs next
time
— Risks may be recovered since we drain water after

— Plenty of times to prepare

* Please consider the possibility

=» Another possibility

To use separated inner container for Gd compouds
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EGADS
Evaluating Gadolinium’s Action on Detector Systems

Make 200 ton test tank and demonstrate the GADZOOKS! Idea.
PMTs

Figure by A.Kibayashi

/ \

0.2%Gd water in Transparency
~200 ton water tank measurement
with 240 PMTs by UDEAL

Water circulation
system



Decided place for EGADS was excavated

Super-Kamiokande

I |
EGADS hall / *-;\-\:\\ / | |

<
|
1

\ \\K\_/ SK water p.u rification system

— To Atotsu entrance

W,i'}den the tun

RSN R !),T
Parking place % "

Underground site map




EGADS water tank construction

. % -
4. -
i i lt S

s — -

May 18, 2010




EGADS hall

™1 200 ton tank

- -

f 15tontank T
for pre-treat AN

- _ Gd water

Clrculatlon system

pre-treatment system
38
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EGADS strategy [Step 1]

200 ton water tank

15m3 tank

Main water \

circulation system

Circulate pure water through 200 ton tank and the water
circulation system to test basic performance of the water
circulation system.

B It was done from March — June, 2011.




EGADS strategy [Step 2]

200 ton water tank

15ton tank

Main water \

circulation system

Circulate Gd-loaded water through 15 ton tank and the
water circulation system to measure water transparency of
Gd itself.

B Started from Aug.2011.




EGADS strategy [Step 3]

200 ton water tank

15m3 tank

Main water \

circulation system

B Circulate Gd-loaded water through 200 ton tank and the
water circulation system to test the effect of the stainless
steel tank.




EGADS strategy [Step 4]

200 ton water tank

15m3 tank

Main water \

circulation system

B Mount 240 PMTs.




EGADS strategy [Step 5]

200 ton water tank

15m3 tank

Main water \

circulation system

B Circulate Gd-loaded water through 200 ton tank and the
water circulation system for real simulation of the Super-K

detector.




240 PMTs were mounted in the EGADS tank in 2013
summer.




Light @ 15 meters in the 200-ton tank (Gd water, with PMT’s)
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There's definitely something bad at the top of the tank! Also...



In May 2014, we opened the EGADS tank and found
that one of the wires supporting the black sheet was
not stainless steel. Once again, we realized that rust
is the enemy. We spent the summer of 2014
removing the rust from the tank.




Cleaning EGADS tank in 2014

July 7, 2014 July 9, 2014 Bt
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From SK collaboration council on June 27, 2015
Official statement to outside

On June 27, 2015, the Super-Kamiokande
collaboration approved the SuperK-Gd project
which will enhance anti-neutrino detectability by
dissolving gadolinium to the Super-K water.

The actual schedule of the project including
refurbishment of the tank and Gd-loading time
will be determined soon taking into account the
T2K schedule.




There were still many issues that we had to solved even
after receiving approval from the SK collaboration

* How to stop the water leak in the SK tank

* How to deal with the local environmental community
* How to remove rust from the SK tank

* How to construct the real water system for Super-K

* How to load tens of tons of gadolinium into the
Super-K tank within a reasonable time

* Prepare the Gd removal system before loading

Those would be presented by Sekiya-san tomorrow, who has
led their development.
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0.0 %

0.019

The 1t Gd-loading Jul.14 — Aug.17, 2020

The pure water in the SK tank was taken from the top and returned from the bottom in
0.02% Gd,(SO,); solution (=0.01% Gd = 0.026% Gd,(S0O,),;-8H,0)
It took 35 days to replace 50,000 tons of water at 60 m3/h
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The 2nd Gd-loading Jun.1 — Jul.5, 2022

0.01% Gd water was taken from the top and returned from the bottom in 0.06% Gd,(SO,),
solution (=0.03% Gd = 0.078% Gd,(S0O,);-8H,0). It took 35 days to replace 50,000 tons of water

at 60 m3/h

One batch:
17 kg Of Gdz(SO4)3'8H20
+ 1600 L of SK water

~900kg /day x 35 day.

-slvvrlvvsf
e —

1
15
<
0.01% Gd:
be

1
0.01% Gd;

27tons
=1350 x 20kg cardboard boxes!
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Message to Mark

Thank you very much for your GADZOOKS! proposal and tireless efforts
In realizing it.

The fascinating physics of supernova neutrinos led us to load gadolinium
into the Super-K tank, hence "Supernova neutrinos invited gadolinium to
Kamioka.”

Now, gadolinium should invite supernova neutrinos to Super-K from the
universe, specifically, diffuse supernova neutrinos should be detected.

A galactic supernova should occur within the lifetime of Super-K.

Thank you again to the Gdfather, Prof. Mark Vagins.

53



	スライド番号 1
	スライド番号 2
	Contents
	Prediction of GUTs in 1970’s
	Large proton decay detectors were constructed in 1980’s
	スライド番号 6
	Competitor: IMB experiment
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	Typical event displays
	スライド番号 14
	What we have learned from SN1987A
	Angle vs. energy of Kamiokande, IMB
	Solar neutrino observation at Kamiokande
	スライド番号 18
	スライド番号 19
	スライド番号 20
	Super-K construction
	Online monitor
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	Nov.12, 2001   Super-K accident
	Super-Kamiokande reconstruction
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	EGADS water tank construction
	EGADS hall
	EGADS strategy [Step 1]
	EGADS strategy [Step 2]
	EGADS strategy [Step 3]
	EGADS strategy [Step 4]
	EGADS strategy [Step 5]
	240 PMTs were mounted in the EGADS tank in 2013 summer.
	スライド番号 45
	スライド番号 46
	スライド番号 47
	スライド番号 48
	Official statement to outside
	There were still many issues that we had to solved even after receiving approval from the SK collaboration
	The 1st Gd-loading  Jul.14 – Aug.17, 2020
	The 2nd Gd-loading  Jun.1 – Jul.5, 2022　　
	Message to Mark

