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Why is there only matter and
no antimatter in Universe?

The Sakharov conditions((necessary butnotsufficient)
to explain the Baryon Asymmetry of the Universe (BAU:
1. At least one Bnumber violating process.

2. C- and CP-violation

3. Interactions outside of thermalequilibrium

eachn?® of the Universeithere:are oraveragecal(® photons, ©ne;proton
and no antiproton. The CP violation measuredi inithe guark:sector«s:far
too small (by afactor 10) to explain this 1@ photon to baryon ratio.

Now, neutrine CP-violation, so far not observedmay very well bellarge
enough to permit anexplanationiof BAU: throughithdeptogenesis
mechanismwhich relatesthe matter-antimatter asymmetry of the
universeto neutrino properties: decaysof heavy Majorana neutrinos
generatea lepton asymmetry which is partly convertedto a baryon
asymmetry via sphaleronprocesses




ESS protomn linac

s 352.2 1 MHz mossssssssmniie- —allsmssn 70442 MHz sl
«“2m—=> €5m> «Im—> «|fm> «—7Sm— «—Ill7Tm— «20m—> <« 163 m >

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

The ESS will be a copious source of
spallationneutrons.

5 MW average beam power.
125 MW peak power.

14 Hz repetition rate (2.8@spulse
duration, 1@ protons).

Duty cycle 4%.
2.0GeV protons

0 upto3.5GeV withlinacupgrades
A >2.7x1@3p.o.tlyear.
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,o..ihe neutron target. Seminar at NBI, Copenhagen

How to add ameattirine fadlity?

The neutron program must not be affected and if *_ e
possible synergetic modifications. \1/ : : o

Linac modifications: double the rate (Hz Y \
28Hz), from 4% duty cycle to 8%.

Accumulator (C~400 m) needed to compress to
few es the 2.86nsproton pulses, affordable by
the magnetic horr860kA, power consumption,
Joule effect)

A H-source (instead of protons),

A space charge problems to be solved.
~300 MeVneutrinos.
Target station (studied in EURD
Underground detector (studied in LAGUNA).

Short pulses (gs) will also allow DAR
experiments (as those proposed for SNS) using
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The neutron and meutrino beams




The EUROnu MEMRHINMS
MegatonWater Cherenkov Detector

MEMPHYS like Cherenkov
detectorMEgatonMass
PHY Sicsstudied by
LAGUNA)

e

A500kt fiducial volume
(~20xSuperK)

AReadout~240k8 ®MTs

A30% optical coverage

100 m

(arXiv: hep-ex/0607026)
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Near detector studies

AlexandeBurgman Patrik Simion Scintillator Cubes detector
Master thesis Master thesis ispart of a Development
Cylindricalkiloton Participated last summer and Test Proposal to the
water Cherenkov with Geneva Group in SPSC by the ND280
detector the PS beam tests of Collaborationg Sofia and
Radiug) 5m. Baby MINDnow sent Uppsala Groupbas declared
LengthD 10 m. to Japan an interest to take part
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ESS\S B seBergy distribution

(without optimisation)
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Convolution (prob*xs) vs flux
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v cross section/
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1. A, in the beam from Kand Y decays

2. Events with and* production

3. A,misidentified as\,

4. ~-nucleus crossection uncertainty for QE, RES and DIS scatter
5. E,reconstructionerror due to multi-nucleoneffects

7000

Delta Like
: t — Nominal
e ; Not Delta Like
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NEUTRINOS

. ’ ‘ sl e wmnmny deiebanann Cevenvenes
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Efeco o Elrue [Gev] !

SuperK has achieved gystematic error level of H%after ca 10
years of operation using a by now very sophisticated Near Detectc
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1 95.4% Credible Interval
mmm 0% Credible Interval
mmmm 68% Credible Interval

T2K Run 1-8 preliminary
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—ESS: L=360 km
—ESS: L=540 km
" 1 "

PR

—ESS: L=360 km
—ESS:; L=540km 4

A little dependence
long baseline),

A U.pcoverage at &

A U.paccuracy down to%at @ and 180 10f
(absence of CPV for these two values),

A not yet optimized

201801-15

30
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— 20¢
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facility.
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Systamatic @ iars

SB BB NF
Systematics Opt. Def. Cons. | Opt. Def. Cons. | Opt. Def. Cons.
Fiducial volume ND (0.2% ) 0.5% 1% 1 0.2% 0.5% 1% 1 0.2% 0.5% 1%
Fiducial volume FD 1% |2.5% 5% | 1%  2.5% 5% | 1% 2.5% 5%
(incl. near-far extrap.)
Flux error signal v 5% | 7.5%  10% 1% 2%  2.5% | 0.1% 0.5% 1%
/ﬁu}( error background v 10% 5%  20% correlated correlated
Flux error signal v 10% | 15%  20% | 1% 2% 2.5% | 0.1% 0.5% 1%
Flux error background 7 | 20% | 30%  40% correlated correlated
Background uncertainty | 5% |7.5%  10% | 5% 7.5% 10% | 10% 15%  20%
Cross secs x eff. QET 10% | 15%  20% | 10% 15%  20% | 10% 15%  20%
Cross secs X eff. REST 10% | 15%  20% | 10% 15%  20% | 10% 15%  20%
\Cross secs x eff. DIST 5% 75%  10% | 5% 75%  10% | 5% 75%  10%
Effec. ratio v, /v, QE* | 3.5% | 11% - | 35% 11% - - - -
Effec. ratio v./v, RES* | 2.7% |5.4% - | 27% 5.4% - - - -
Effec. ratio v, /v, DIS* | 2.5% )5.1% - 1 25% 5.1% - - - -
Matter density 1% 2% 5% 1 1% 2% 5% 1 1% 2% 5%

Systematiauncertaintiesin long-baselineneutrino oscillationsfor large’ m o
Pilar Coloma, Patrick Huber, Joachim Koppd Walter Winter
Phys.Rev D 87, 033004 Publishedll1 February2013

Seminar at NBI, Copenhagen
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Uep accuracy pafformance
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Number of events/S0 Me¥

The sensitivity of the neutrino enerqy distribution to Ucp

Hyper -K first maximum
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150/100=1.5
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Futuie funtbien-opttomfornmman
ESS neutrine antdimuonffacility

Neutrons to ESS

%1

ESS proton

driver Protons dump
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‘.
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Target-Horn Decay Beam > >
Systlem Tunnel Dump ™~
;E@ ——————— more than 4x18° >/year from ESSS compared

T to 104> used by all experiments up to now
. (108 > for COMET in the future).

Absorbing
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Dammsjon

Orereserves/resources in Garpenberg mine 2011-12-31

Paste plant Garpenberg norra i

Nytt schakt

The MEMPHYS
Detector to be
located down In the
Garpenberg Mine

Distance from ESS Lund 540 km

Depth 1232 m

Truck access tunnels

Recently a new ore -hoist shaft

was taken into operation,

leaving the old Garpenberg Norra
shaft free for other uses

Seminar at NBI, Copenhagen
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8 843 kton

Lappberget Kaspersbo  Norra
18 412 kton 1343 kton 336 kton

16 819 kton 7003 kton

Granite drill cores
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GarpenbergedRockinvestigationstarted

WorkingTeam:

Morwan Derrien Geologist Boliden
Anders Osterberg, Bedro&ngineerBoliden
Lars Norling, Consultant
Kjell GrundstromCoordinator

Project Plarg 18 March2018
Extent Costs Financing
Discusiorg Ministry of ForeignAffairsc
Minister EU (A Linde)

1518 MSEK

Seminar at NBI, Copenhagen
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P \T

AProtondecay

ASuperNovaeutrinos

100 m

ASupernovae "relics"

ASolar Neutrinos

A500kt fiducial volume (~20xSuperK)
AReadout: ~240k 80 P

,&I\Ieutrino Oscillations A30% optical coverag@rXiv: hep-ex/0607026)

AAtmosphericNeutrinos

Seminar at NBI, Copenhagen
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ESSNnUSBIEMPHYS sensitivities

proton decay
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Supernova
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Distance scale anfl E

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

|

© i

A

Rate ~0.01/yr Rate~1/yr Rate ~ 10%/yr

high statistics, object identity, cosmic rate,

all flavors burst variety average emission
29 Seacom@NZ0
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ESSSSB orgamization and

plans
EU COST Action for networking approved In

Spring 2016 for 20162019

A EuroNuNet : Combining forces for a novel European facility for neutramdgineutrino
symmetry violatiomliscovery(http://www.cost.eu/COST Actions/ca/CA1513pP

A Major goals of EuroNuNet: -4 "j;,
A to aggregate the community of neutrino : 4

physics in Europe to study the
concept in a spirit of inclusiveness,

A to impact the priority list of High Energy
Physics policy makers and of funding
agencies to this new approach to the
experimental discovery ¢éptonicCP
violation.

A 13 participating countries (network still
growing).

Seminar at NBI, Copenhagen
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http://www.cost.eu/COST_Actions/ca/CA15139

15 European Couintries +
Turkey members of EuroNuNet

Export Edit View Member Assign MC1 candidates Email to selected

# l CTRY ’ Title ‘ Firstname Lastname Group Position Institution
1 n/a Dr Marcos Dracos MC Members MC Chair IN2P3
2 n/a Prof Joakim Cederkall MC Members MC Vice-Chair Lund University
3 B ES Dr Enrique Fernandez-Martinez = MC Members MC Member Universidad Auténoma de Madrid
4 [EH FR Dr Sebastien BOUSSON MC Members MC Member CNRS/IN2P3
5 B FR Dr Elian Bouquerel MC Members MC Member CNRS/IN2P3
6 EE UK | Prof Silvia Pascoli MC Members MC Member Durham University
7 = EL Dr Georgios Fanourakis MC Members MC Member NCSR 'Demokritos’
8 =B HR Mr Budimir Klicek MC Members MC Member Rudjer Boskovic Institute
9 R IT Prof Francesco Terranova MC Members MC Member Universita' di Milano Bicocca
10 §RIT Dr Mauro Mezzetto MC Members MC Member INFN
11 f&= NO | Prof Farid Ould-Saada MC Members MC Member University of Oslo
12y PL Prof Piotr Cupial MC Members MC Member AGH University of Science and Technology
13 B SE Prof Joakim Cederkall MC Members MC Member Lund University
14 @ SE Prof Tord Ekelof MC Members MC Member Uppsala Univerity
15 B TR | Prof Yamac Pehlivan Deliduman | MC Members MC Member Mimar Sinan Fine Arts University
16 B TR | Prof Aysel Kayis Topaksu MC Members MC Member Cukurova University
17 wm BG | Prof Roumen Tsenov MC Members MC Member Faculty of Physics-Sofia University
18 @ CH  Prof Alain Blondel MC Members MC Member University of Geneva
19 = EL Prof Spyros Tzamarias MC Members MC Member
20 I8 FR Dr Eric Baussan MC Members MC Substitute CNRS/IN2P3
21 (Bl SE Prof Tommy Ohlsson MC Members MC Substitute KTH Royal Institute of Technology
22 @ CH |Dr Alessandro Bravar MC Members MC Substitute University of Geneva
23 Bl SE |Dr Mattias Blennow MC Members MC Substitute
24 n/a Prof Jingyu Tang MC Observers COST International Partner:
25 n/a Dr Mats Lindroos MC Observers International Organisations European Spallation Source ESS AB
26 | n/a Dr elena wildner MC Observers European RTD Organisatior CERN
27 nj/a Dr Jean-Pierre Delahaye MC Observers European RTD Organisatior CERN
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EU Design Studyfor ESShuSB
el approved by EU in December 201
for 2018-2021

Title of Proposat Discoveryand measurement of leptonic CP violation using an intens
neutrino Super Beam generated with the exceptionally powerful ESS linear accelerat

T

A Duration: 4years ) :
A Total cost: 4.7M . -
A Requested budget3 M U —
A 15 participating institutes from
11 European countries including CERN and E“

v (20152019)
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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.
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Call:

Funding scheme:
Proposal nhumber:
Proposal acronym:
Duration (months):

Proposal title:
Activity:

partners: IHEP, BNLS C K ACEN, SNS, PSI

201801-15

Design StudyE S S3 S B
(20182021

H2020-INFRADEV-2017-1

RIA

777419

ESSnhuSB

48

Feasibility Study for employing the uniquely powerful ESS linear accelerator to generate an intense neutrino
beam for leptonic CP violation discovery and measurement.

INFRADEV-01-2017

Very supportive letter from ESS
director

TheESSnuSHesign
Study is starting today with
our kick-off in Lund,
Sweden on 186 January
2018

E S S 3hadalready started

engaging postdocs.
: RAL
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