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* Proton decay
e SuperNova neutrinos

e Supernovae "relics"

e Solar Neutrinos

100 m

* Atmospheric Neutrinos

e

. . . L
° v |
Neutrino Oscillations —
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500 kt fiducial volume (~20xSuperK)
* Readout: ~240k 8” PMTs
» 30% optical coverage (arXiv: hep-ex/0607026)

Seminar in Grenoble
Tord Ekel6f Uppsala University
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Supernova
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Distance scale and exp’d rate™

Milky way Nearby galaxies Distant galaxies
N >> 1 : Burst N ~ 1 : Mini-Burst N <<1:DSNB

| |

€ “eesin

Rate ~0.01/yr Rate~1/yr Rate ~ 108/yr

high statistics, object identity, cosmic rate,

all flavors burst variety average emission
6 Seacom@NUZU
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Supernova explosion and relics
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diatance (ip<d Diffuse Supernova Neutrinos
mmsm) For 10 kpc: ~105 events (10 years, 440 ki)
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Orereserves/resources in Garpenberg mine 2011-12-31
Garpenberg Paste plant Garpenberg norra
Gruvsjoschaktet ,i‘ Dammsjin ey ?,!d- b
Lappberget
Kyrkan- =
Tyskgdrden
Finnhyttan
""""""""" T Potential 00z
Gransjon
800Z
870Z i
Depth 1232 m ™ B 3
Truck access tunnels 2 N N =2 y
Previously two ore-hoist shafts
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 4002
B 1600Y 000Y 2400Y 2800Y 32007 3600 . 4000Y 44007 4800Y
Ore reserve: G-gruvan Dammsion berge Lappberget Kaspersbo  Norra
Tot. 23 608 kton, | NI 3360 kton 18 412 kton 1343kton 336 kton
?‘:f T | 1792 kton 8843kton 6571 kton 16819 kton 7003 kion

Utbruten malm

Recently a new ore-hoist shaft
was taken into operation,

leaving the Garpenberg Norra ) )
shaft free for other uses Granite drill cores

Seminar in Grenoble

2015-12-15 Tord Fkelof lnnzala l Iniversityv



ESS proton linac is located 5255,
540 km from Garpenberg

e 352.2 | MHz messsssssmnlie-  —<amsss 704.42 MHz mslie-
«<2m—=> €«5m> <« Im—3 <«<|9m> <«—75Sm— <«<—I|ll7Tm— <« 200m—> < 163 m >

HEBT & Upgrade

75 keV 3 MeV 50 MeV 191 MeV 653 MeV 2000 MeV

With 5 MW average beam power and
2.7x10%% protons on target per year
the ESS linac will be the most powerful
and intense proton accelerator in the
world, ca 10 times more powerful than
the current J-Park and FNAL proton
accelerators

125 MW peak power.

14 pulses of 2.86 ms duration per >)
second, each containig10*® protons.

Duty cycle 4%.
2.0 GeV protons, up to 3.5 GeV with

Linac ready by 2023 (full power)

6 NoJemgrcszgrades GRIPnu Partikeldagarna 2017 9
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Neutrine SpECtra conorean cooreation

540 km (2 GeV), 10 years below v_ production, almost only QE events
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2nd Oscillation max. coverage — ===

2nd oscillation max.
well covered by the ESS
neutrino spectr

020 020y
2nd pscillation maximum :
8 =_9O I:i‘i i
s SCP—O 0.15f
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3010 ~ o104t 1)
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a 0,,=8.8° I
("large™ 0,5) ]
0.0 0.0/l

2000 --0’_6‘ |
L/E E (GeV)
1st oscillation max.

w200 50 1000

L(2"d max) =1500 (km) x E (GeV) =1500x0.35 = 525 km
L(15t max) = 500 (km) x E(GeV) = 500x0.35 = 175 km

GRIPnu Partikeldagarna 2017

Tord Fkelof Linon<ala L niversity 12

6 November 2017



ccosE

P hyS les Performance et SR TEemeocy
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O cp 30 raction of ocp

: _ ESS: L=360 km
* little dependence on mass hierarchy (not so 25¢ ESS: =540 km

long baseline), -
* Jcpcoverage at 5 o C.L. up to 60%, c5‘315.
* Jcpaccuracy down to 6° at 0° and 180° 10p L o

(absence of CPV for these two values), 5_'7 ----------------- =T
* not yet optimized facility.

o 1 1 1 1 1 1 1
- 150 - 100 -50 O 50 100 150
GRIPnu Partikeldagarna 2017 5 ()
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EU COST project for ESSvSB
networking approved in 2016

antineutrino symmetry violation discovery
(http://www.cost.eu/COST Actions/ca/CA15139

» Granted 0.5 MEUR)
* Major goals of EuroNuNet:

» to aggregate the community of neutrino
physics in Europe to study the ESSvSB
concept in a spirit of inclusiveness,

» to impact the priority list of High Energy
Physics policy makers and of funding
agencies to this new approach to the
experimental discovery of leptonic CP
violation.

-

L
'\ﬂx.

» 13 participating countries (network still
growing).

6 November 2017 GRIPnu Partikeldagaria 20
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http://www.cost.eu/COST_Actions/ca/CA15139
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A EU/H2020 project for a ESSvSB

Design Study approved in August 2017
(Call INFRADEV-01-2017)

» Title of Proposal: Discovery and using an intensive neutrino Super Beam generated with
the exceptionally powerful ESS linear accelerator

» Duration: 4 years
o Total cost: 4.7 M€

2007)
e EUggrant: 3 M€ -

« 15 participating institutes from
11 European countries including CERN and ESS

* 6 Work Packages

(2008-2012) (2008-2010)

\/ » -
w (2015-2019)

near

' decay tunnel

linac i accumulator ETal"gf: T ™ , i
o > —_ =é74 :@
: — W\ :
1 — 1
i swi’rchyar'di hadronic collector T —> + Vv i
! ! (focusing) H : Detectors
wpP2 WP3 : WP4 : WP5

GRIPnu Partikeldagarna 2017
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The proposal is addressing the use of ESS proton linac which would be
tuned to provide up to an order of magnitude higher power proton
beams than the present linear accelerators. The upgrade of the linac to
high intensity neutrino beam to address matter-antimatter asymmetry
in the lepton sector is very ambitious, is clearly innovative and
beyond-the-state-of-the-art. It is a very well written proposal with clear
objectives and sound concept and scientific case. The proposed
methodology is credible. The project has good interdisciplinary
approach.

The proposal is timely and has advantages in costs and physics
objectives over similar experiments.

GRIPnu Partikeldagarna 2017

6 November 2017 Tord Fkeldof Linn<ala L Iniversitv
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The project will have significant impact on enhancing attractiveness of
Europe in future neutrino programs in the long baseline scheme. The
technical and scientific impacts due to the upgrade of ESS linac power, the
construction of a high flux neutrino beam, implementation of the

near and far detectors and also the potential discovery of CP violation in the lepton
sector are high. The project is strongly supported by the

main players in the field. CERN established a strong scientific case for long
baseline neutrino program exploring CP violation. In addition, the

proposed design is recognized to address all critical issues by the scientific
community. The project has a potential to increase and diversify the user
community of ESS. Building an infrastructure in an currently unused mine
will also have a local social impact.

GRIPnu Partikeldagarna 2017

6 November 2017 Tord Fkeldof Linn<ala L Iniversitv
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Call: H2020-INFRADEV-2017-1
Funding scheme: RIA

Proposal number: 777419

Proposal acronym: ESSnuSB

Duration (months): 48

Feasibility Study for employing the uniquely powerful ESS linear accelerator to generate an intense neutrino

Proposal title: beam for leptonic CP violation discovery and measurement.

Activity: INFRADEV-01-2017
N Proposer name S \Very supportl_ve letter from ESS
1 CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE - director
CNRS
2 UPPSALA UNIVERSITET SE
3 KUNGLIGA TEKNISKA HOEGSKOLAN SE The Grant Agreement has
4 EUROPEAN SPALLATION SOURCE ERIC SE - rd
5 UNIVERSITY OF CUKUROVA TR to be SIgﬂEd before the 23
6 UNIVERSIDAD AUTONOMA DE MADRID ES
. NATIONAL CENTER FOR SCIENTIFIC RESEARCH £L of I\_Iovember 2017 and the
"DEMOKRITOS" project will start 1 January
8 ISTITUTO NAZIONALE DI FISICA NUCLEARE IT
9 RUDER BOSKOVIC INSTITUTE HR 2018.
10 SOFIISKI UNIVERSITET SVETI KLIMENT OHRIDSKI BG
11 LUNDS UNIVERSITET SE
4o AKADEMIA GORNICZO-HUTNICZA IM. STANISLAWA pL
STASZICA W KRAKOWIE
13 EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH CH
14 UNIVERSITE DE GENEVE CH ; ;
15 UNIVERSITY OF DURHAM UK ESSvSB will start engaging
Total: postdocs soon.
partners: IHEP, BNL, SCKeCEN, SNS, PSI, RAL
GRIPnu Partikeldagarna 2017 Tord

6 November 2017 18
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e ESSis well into construction and the accelerator project is
progressing according to plan towards first beam for target in
October 2020

e The ESS facility is built by a collaboration of some 100 research
institutes and universities

e Installation has started of cryogenics and for the ion source

e The Accelerator Division is recruiting according to plan and will
be ready to take ownership of the accelerator, install it,
commission it and enter it into operation

 Most future large scale project are likely to be IK projects and
this is a very powerful model. Together we are strongest!

(TE: “IK projects” assumes the full involvement of the AMICI-type EU Technological
Infrastructures like STFC, DESY, PSI, INFN, CEA, IN2P3, CERN, IFJ-PAN, KIT & FREIA)

20

GRIPnu Partikeldagarna 2017
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Mamad Eshrai’s conclusion of CE2SE.,

his talk on ESS linac upgrade

* ne waentified major modifications for the doubling of the beam power via a higher
repetition rate and higher beam energy are (in no particular order):

» Three new electrical substations along the RF gallery.

» A third main electrical station, alongside the 2 existing ones.

» HV cable trenches and pulling of additional HV cables from the main station towards the
new substations. New HV cables between the substations and the modulators in the RF
gallery.

» Installation of 8 new cryo modules and associated RF stations.

» Change of klystron collectors, so that 60% more average power can be produced. If klystrons
are at the end of their lifetime, they could be exchanged against more powerful models.

» Installation of additional capacitor chargers to allow faster pulsing of the modulators. This is
only possible if the modular design developed in-house is adopted.

» Installation of a H- source + RFQ + MEBT + beam funnel alongside the existing protons
source.

» Exchange trim magnets and associated power supplies against pulsed versions

e The reviewers, Frank and Eric, did not find any show stoppers for the

addition of 5 MW H- acceleration capability in the current state of the ESS linac.

Ref.: Frank Gerigk and Eric Montesinos, CERN-ADD-NOTE-2016-0050

GRIPnu Partikeldagarna 2017
6 November 2017 Tord Fkelof LInnzala | Iniversity 21
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The MEMPHYS code for simulation and reconstruction,
written within the preceding EUROv project, has been revived
and installed on the Iridium cluster at Lund University. A
visualisation package, MEMPHY Svis, has been added. It could
work on personal devices like mobile phones, tablets, etc. that
makes it appealing for use outside of the experimental physics
neutrino community:.

A virtual machine has been set up and open for download and
use by the members of the WG. It contains all the necessary

libraries and specific to Detectors WG code so that a newcomer ¢

could download it and start working without the painful process
of setting up the relevant software environment.

The MEMPHYS code has been tried by Peter Christiansen for
setting up simulation of the water Cherenkov Near detector.
Useful experience has been gained.

GRIPnu Partikeldagarna 2017
Tord Fkeldof Linn<ala L Iniversitv
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NP/ Www.phRySIcs.uu.Se/digitalASSets/374/¢ 310-1

A Socio-economic and Industrial Study of the
Consequences of constructing a World-
leading Neutrino Detector in Garpenberg in
Region Dalarna commissioned by
Garpenberg Council

Translated from Swedish by Colin Carlile, Uppsala University March 2017

Summary Description of the GRIPnu project
Project Leader: Hedemora Enterprise AB

Geography: North Central Sweden, Skane-Blekinge and East Central Sweden

Type of project: National Regional funds programme, Investment Priority 1b

The national strategy for ESS, the European Spallation Source, indicates that the
very significant investment in international research infrastructures that is taking
place in southern Sweden will also be reflected more widely within Sweden. The
GRIPnu project enables the ESS venture to add a second node which would have
significant positive effects in central Sweden, and enable contacts to be
established between both academia and industry. The ESS accelerator will be the
world's most powerful accelerator with a beam power of 5 MW. A European
research consortium ESSnuSB, within the framework of the EU COST Action, has
been active since 2012, planning an ambitious world-leading research project on
neutrinos, which is based upon the use of the ESS accelerator in Lund, and within
which the FREIA Laboratory in Uppsala, currently is strongly committed.

6 November 2017

GRIPnu Partikeldagarna 2(
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Garpenberg Research Infrastructure
Project for Neutrlnos (GIRIIPnu)

glish-version.pat
Table of Contents
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Summary Description of the GRIPnu project
Collaboration Parties

Innovation environment

GRIPnu vision when in operation.

Industry Consortium

Background and business environment
Background
Business environment and interaction

A lack of neutrinos
Connection to the regional economy

Description of the construction
Competences and resources

Conventional buildings, such as excavation, concrete work, etc.

S
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Inventory of skills and resources in the local area

Design
The bedrock
Blasting
Installation

Water
Water treatment

Ventilation and heating
Electricity and Automation

Operational phase

Development of supplier systems and networks

Purpose

Goals and Results
Overall goals
Project
Intermediate Targets
Target group(s)
Expected results at project conclusion

Expected long-term effects
Direct and indirect effects
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Organisation and implementation
Project Organisation
The Project
Steering Committee
Project management and external resources

Work to be carried out

COsE

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

o O e e W

[y
o

e
B = =

Jury
w

e
L & B

=
N

= R =
NN

18



18 NYheter DT Wiancag 3 oktober 207

EU satsar 30 miljoner
pa Garpenbergsgruvan

HepemoRa Kan Garpen-
berg bii en internationell
forskningsstation om
neutriner?

Ja, mjligheten finns
och har &kat. EU har
nyligen beslutat att
skjuta till 30 milfjoner
kronor fér att se om
det gir att bygga en
neutrinodetektor nere
| gruvan,

Dot 5r mycket gdjande,
siger Tord Ekelof, proje
leskare wid Institutionen o
fysik och astronomi vid
sala universitet.
Tidningen har tidigare be

en stor forskningsanligs-
i

et pigh diskussioner om
att byga newtrinodetekio-
reer i et Etal platser i vi
den. | Europaligger Garpen-
herg lingst famme, men
UsA eller Japan kan hinna

Mar den ar klar ska forskar,
b B fram neutioner med
hijalp av en stor accelerator.
ESS vantas vara b full drift e

2025
Tord Ekeltl, och en rad o d
andra europeisks fors) Det pigir om att bygga phem P ivariden. | Europa ligger Garpenberg lingst tramme, men LSS eller Japan kan
ESS Gven kanan hinna fore, P S
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A slide from Mauro Mezzeto’s ~
Future Outlook talk at

NUFACT2017
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Proton drivers

Year 2000 Year 2017, Talk of C. Plostinar
( Major Fixed Target Proton Accelerators ) 1000 — -
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EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

The ESSnuSB technically limited time schedule:

2018-2021 Design Study -> Conceptual Design Report
2021-2023 Preparatory Phase -> Technical Design Report
2024-2030 Build-up of ESSnuSB
2031-2040 Data taking -> CP angle and other measurement
To this must be added the extra time, less straightforward to estimate, of
political negotiations which will in any case imply the need for a least a few
more years

In order to get EU financing 2021 for the Preparatory Phase we need to
deliver convincing Design Study results by latest autumn 2019 as input to the
CERN Strategy Council preparation of its input to the ESFRI update in 2020

This leaves us only from autumn 2027 to autumn 2019, 2 years, to achieve
sufficient progress to convince the CERN Strategy Council to recommend us
for being included on the ESFRI list.
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* The large v detector has a rich astroparticle and p lifetime program.
* Significantly better CPV sensitivity at the 2" oscillation maximum.

* The European Spallation Source Linac will be ready in less than 8
years (5 MW, 2 GeV proton beam by 2023).

« ESS will have enough protons to go to the 2" oscillation maximum
and increase its CPV sensitivity.

e CPV:5 o could be reached over 60% of d, range (ESSvSB) with large
potentiality.

« EU COST network project supports ESSvSB

 EU/H2020 has decided to finance an ESSvSB Design Study project
which will start 1 January 2018.
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