Preparing for a Gd-loaded Super-K

Mark Vagins
Kavli IPMU, University of Tokyo

Revealing the History of the Universe with
Underground Particle and Nuclear Research
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The Super-Kamiokande neutrino detector, in Mozumi, Japan.



50,000 tons
of ultra-pure

detectors

One kilometer
underground
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Since 1996,
observes
particles
from the
sun and

cosmic rays

Also looks
for proton
decay
and

supernova
neutrinos




Here’s how most There is about one SN

supernovas look explosion per second in the
to us universe as a whole!

(video is looped).

These produce the as-yet
unobserved diffuse
supernova neutrino

background [DSNB], also

known as the supernova
relic neutrinos [SRN].

Adding gadolinium to
SK is the key to discovery!
[Beacom and Vagins, Phys. Rev. Lett., 93:171101, 2004]




Inverse Beta Decay

with Gadolinium
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Positron and gamma ray
vertices are within ~50 cm.

Vv, can be identified by delayed coincidence.



Captures on Gd
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Neutron Captures on Gd vs. Concentration
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Here’s what the coincident signals in Super-K

with Gd,(SO,); will look like
(energy resolution is applied):

\ Most modern
\ DSNB range

—

Supernovae

Atmospheric -
W  ©

20 25
Measured E_ [MeV]

Vet p 2 e"+n
spatial and
temporal separation
between prompt e*
Cherenkov light and
delayed Gd neutron
capture gamma
cascade:
A=~4cm, 1=~30us

- A few clean events/yr
In Super-K with Gd




In the case of a galactic supernova, having Gd,(SO,); In
Super-K will provide many important benefits:

> Allows the exact v, flux, energy spectrum, and time profile
to be determined via the extraction of a tagged, pure
sample of inverse beta events.

» Instantly identifies a burst as genuine via “Gd heartbeat”.

v, w/o taggmg . v+e scatering v, tagged with 80% eff.
SIS o e 15 T DU AR et R T

» Doubles the ES pointing
accuracy. Error circle cut
by 75%.

Declination (deg.) .
Declination (deg.)

+p oo (10kpo SN simulation)
Right ascension (deg.) Right ascension (deg.)

» Helps to identify the other neutrino signals,
especially the weak neutronization burst of v..

<
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» Enables a search for very late time black hole formation.

» Provides for very early warning of the most spectacular,
nearby explosions so we can be sure not to miss them.



Alarm efficiencies against distance, 1 false per 100 years
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Addlng water soluble gadollnlum to Super K will greatly enhance its ablllty to
detect supernova neutrinos (and help with many other physics topics like
proton decay). EGADS is a dedicated gadolinium demonstrator which includes
a working 200 ton scale model of SK.

EGADS Facility
in Kamioka Mine
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Maintaining good water quality in the presence of dissolved
gadolinium required the development of an entirely new
technology: true selective filtration. | call my resulting system
a “molecular band-pass’ filter.

It continuously circulates the Gd-loaded water and removes
every impurity except gadolinium sulfate.




Ars Main 200-ton Water Tank ;
v/ 7 /BP8 (227 50-cm PMT’s + 13 HK test tubes) &
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Worldwide, over ¥1.1B (not counting salaries) has been spent

developing and proving the viability of the Gd-in-water concept.



Light @ 15 meters and Gd conc. in the 200-ton EGADS tank
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After two and a half years at full Gd loading, during stable operations
EGADS water transparency remains within the SK ultrapure range.

-> No detectable loss of Gd after more than 650 complete turnovers. <



May 16, 2017; This is 0.2% Gd,(SO,); water. The EGADS
tank had been fully loaded for over two years.




November 6!, 2017; This view is directed up the side
wall from the bottom of the 200-ton tank. Looks great
after 2.5 years of exposure to 0.2% Gd,(SO,); water!




After years of testing and study
— culminating in these powerful EGADS results —
no technical showstoppers have been encountered. And so...

-
June 27, 2015: The Super-Kamiokande Collaboration f

approved the addition of gadolinium to the detector, W
pending discussions with T2K. J

"

January 30, 2016: The T2K Collaboration approved addition of
gadolinium to Super-Kamiokande, with the precise timing to be
jointly determined based on the needs of both projects.

Super-Kamiokande J-PARC
Near Detector 280 m

IlOOOm

Neutrino Beam

295 km

July 26, 2017: The official start time of
draining the SK tank to prepare for Gd
loading was decided - June 1, 2018.




Super-Kamiokande

New Gadolinium Water
System “Hall G”
(4000 m3)

Original Super-K Water System

EGADS Hall
(2500 m3)

Gadolinium Removal
System “Hall H”
(1000 m3) 1

The Kamioka Observatory in the Mozumi Mine




New gadolinium water syst
September 108, 2015

em hall (“Hall G”);




April 22", 2016
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to completely remove and capture the Gd
9 New system neede
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Completed gadolinium removal system (62 tons of ion exchange resin)
in Hall H; April 1st, 2018
A - >
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Main jobs to get ready for Gd loading:
1) Fix SK leak
2) Clean up interior
3) Replace dead PMTs
4) Augment internal plumbing

uper-K for the first time since 2006; June 1st, 2018
W

Entering S
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From March 2018 »> October 2018, \\

2683 person days of work were requrredI
Insrde Super -K veto region (top) June 6th 2018 o ‘,»-
e B
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Super-K veto region (side) W|th floatmg floor June 6th 2018
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Applying special low-background MineGuard
il R sealant developed using funds from this
il k8 Innovative Area Kakenhi
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Super-K veto region (side) with floating flo‘or; June 239, 2018
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Following
~3000 person-
days of
refurbishment
work, as of
Feb. 2019 the
detector is now
refilled with
pure water and
'o5ag . £ , seestisess sl 2 4 taking data,
Lryoss st - SRR ready for the
‘ - S addition of
gadolinium!

e o ey § £




“Currently we do not observe any water leakage from the SK
tank within the accuracy of our measurement, which is less

than 0.017 tons per day. This is less than 1/200th of the leak
rate observed before the 2018/2019 tank refurbishment.”

Leak sealing work
IS a success!



Developing special low-background Gd,(SO,),
[supported by this Innovative Area Kakenhi]

We need
from 1-4
orders of
magnitude
reduction
In RI

M

What the
physics
requires

Radioactive chain|Part of the chain|mBq/kg Rad|0 |SOtOpeS N
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After this iterative purification campaign, one company was able
to produce gadolinium sulfate with the required radiopurity.

We recently ordered three 0.5 ton batches from them and tested
samples from these batches at Kamioka to be
sure everything was okay:

Goal (msa/kg) | |Batch1_[Batch2 |Batch3

238U <5 ICPMS <0.02 0.02 0.04
Ge <9.45 <9.89 <28.4

232Th< 0.05 ICPMS 0.04 0.02 0.04
Ge <0.20 <0.21 0.16

226Ra< 0.5 Ge 0.46£0.24 <(0.33 <0.20

In 2019 we aim to purchase ~15 tons of ultrapure gadolinium
sulfate, enough for the first step in loading Super-Kamiokande.

- It will be the largest order of gadolinium in human history! <



Expected timeline for SK-Gd

| 2017 | 2018 | 2019 | 2020 | 2021 | 2022

Schedule +

Approved

Install New SK .

Water Systems, Computing, Calibration
SK In-Tank Upgrade Work =——
SK Pure Water Running

SK Running with 0.01% Gd (50% eff.) "=

Increased Loading, up to 0.1% Gd (90% eff.)

We expect to have collected the

world’s first diffuse supernova
neutrinos before 2022!

===TT71
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NEWS - 27 FEBRUARY 2019

Gigantic Japanese detector prepares to catch
neutrinos from supernovae

Recent upgrades to the Super-Kamiokande neutrino observatory will allow it to trace the
history of exploding stars.

Davide Castelvecchi

),(' POF version

RELATED ARTICLES

Age of the neutrino: Plans to decipher
mysterious particle take shape
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