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ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam

« Title of Proposal: Discovery and measurement of leptonic CP violation using an
intensive neutrino Super Beam generated with the exceptionally powerful ESS linear

accelerator
EUROv LAGUNA
(2008-2012) (2008-2010)
* Requested budget: 3 M€
* 15 participating institutes from
11 European countries including BENE (2004- C‘éZTlé\lcgign
CERN and ESS Ll (2015-2019)

* 6 Work Packages

* Duration: 4 years

* Total cost: 4.7 M€
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* Approved end of August 2017
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ESSvSB has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 777419
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The relative contribution of the interference term, in which the dcp phase appears, has a

contribution enhanced in the second maximum compared to the first oscillation. Two considered baselines (Zinkgruvan 360 km & Garpenberg 540 km)
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ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam
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|CHEP2022 e \Y igh Intensity Neutrino Superbeam eSS NEUTRING
(V1) )

BOLOGNA The upgrade of the ESS facility SUPER BEAM
S 51| My m— < T044) M - 5 MW proton beam Ring-to-switchyard transfer line and beam switchyard bring the
€na €ims «Im= Iim «lin— «llin— <Wm— —Itin—> for neutron users proton pulses from the ring extraction to the beam switchyard and

(2.86 ms pulse width) distribute the resulting four beam batches over four targets.

5 MW proton beam
for neutrino users Fast kicker magnets
2000 MeV 1 us pulse width => » X

ESS LINAC upgrade for a super beam: fecumulator reduested B ‘XHH 1 circulating
»

! ‘ beam
» Increase beam power : 5 MW to 10 MW ‘

» Extra RF power capacity _
Lattice quadrupole magnets

» Accumulator ring to shorten the pulses to micro second order for _
Extraction septum magnet

the horn
» Extra H- source for additional pulses The switchyard splits the 5SMW proton beams in four parts

HEBT & Upgrade
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Hot Cell Beam dump e Target made of 3 mm titanium

SUPER BEAM

Granular Target Concept

Power Supply Unit
* 16 modules (350 kA, 1.3 us) * Able to manipulate/repair hadronic collector

* Located above the switchyard ¢ Work under Radioactive Environment
. Out's-lde of radioactive part of Morgue
Facility . .
To Store radioactiv

spheres cooled by transverse helium
gas cooling

EREREEERREERT,

hight: 3,2m

Proton Beam
(Ep=2.5 GeV, 14 Hz)
4x1.25 MW

Diagnostics box

Beam Switchyard
Share the beam over
Four packed bed targets

Shape optimized with genetic algorithm
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|CHEP2022 e ESSv igh Intensity Neutrino Superbeam @S}DNEUTRINO
| A V)

BOLOGN A Near and Far Detector Design SUPER BEAM

Super-FGD like detector (1 t fiducial)

Scintillation cube

Near Water
Cherenkov.
detector (0.77kt
Hdeall )

Near Detector Far Detector
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* New deep learning methods based on * New migration matrices for the far detector
Genetic Algorithm (GA) has been considered EFFICIENGY v, CC
to improve the sensitivity of the experiment. os - —
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This new method has been applied to ;_ M i
optimize the size and the inner conductor of I3

the hadronic collector with the geometrical b

parameter (length and width of the decay :Z%: (using T2K-like reconstruction algorithm)
tunnel of the Target Station). =W AT T ST S
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Updated physics performance of the ESSnuSB experiment,
Eur.Phys.J.C 81 (2021) 12, 1130

DOI:10.1140/epjc/s10052-021-09845-8, arXiv:2107.07585

ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam
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https://doi.org/10.1140/epjc/s10052-021-09845-8
https://arxiv.org/abs/2107.07585
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IN SCIENCE AND TECHNOLOGY 20222 EIld Of Phase, TDR Agreement
— ESSvSB Design
2018: beginning Study, CDR and
of ESSVSB preliminary - _—
2016-2019: Design Study costing R
beginning of (EU-H2020) Q 5
2012: inception SOSI]\“I Athlton arxiv.org/abs/2206.01208 @: ; g
of the project UTOINuNe | 6’ $ -
ESSnuSB o
Nucl. Phys. B 885 el :

(2014) 127
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ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam

1. Design of a racetrack storage ring for low energy muons produced Ed of £.0%eY Mes.

° :

°e° P
s / >
LEnu

\ 1

with a beam from the ESS linac. —[ %\ : Eﬁi?%i’iecﬁ,r : FarC
2. Design a transfer system from the initial collection and extraction of %7: Wm

pions behind the target station, up to the injection point. ; 7 ACCELERATOR
3. Design a transfer Iine from the ESSVSB ring_to_switchya rd transfer Iine STATION i:bi:;::?l“l!:nwllllllllllllﬂllll‘lll-lillllll|lIlFIlIllIlllIllllIIlIlllllllllllllIllllllllllllllllllll

. | ‘
to the Low Energy nuSTORM target (cross section measurement, 7 /‘ — mesTLosomGY , V me
sterile neutrino searches). ' '/ z .
: % & .

4. Design an injection scheme for the racetrack storage ring ’ / Y 7

ESSnuSB
TARGET STATION

Design a Monitored Neutrino Beam (low energy ENUBET for cross-
section measurement)

§
~
&
S
&

6. Optimize the performance of the ESSvSB accelerator complex

ciwjl engineering, | | !
+mining . E‘rar‘ge'r T E i L’ E “ y High intensity Target Station R&D
= I hadrons I & i I ) /7 targetR&D
\‘ — : s : : horn R&D
| 1 1 1 1 ~ S ulse generator R
®B -> i @ ] E 5@"’% Y, . * TRAM DEPOT
hadronic collector i . : i . ’ .
(Focusing) | DetectorstPhysics Cross-section measurements with:
WP3 | WPS o WPé * Low Energy nuSTORM: 1t— |1 — e+v,+V,
Excellent supporting letter from the ESS director * Low Energy ENUBET: T — p+v,
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e‘“ NEUTRINO
v BOLOGNA Dbo ) SUPER BEAW
Outlines: ey
ESSnuSB
* The ESSVSB project proposes to the community a very ; aliD g
intense neutrino superbeam based on the 5 MW ) SIEEpVa L meIBL SR
LINAC which will be able to measure precisely ocp . £ Gt et St
e Thanks to its specific baseline and the recent i) - -
progresses in term of optimization, the ESSvSB facility %
will allow to cover more than 70% of 0. range and 8° ‘%
|

precision after 10 years of data taking.

* The ESSnuSB+ acts as an intermediate stage and offers
lots of opportunities for a synergetic approaches for
many facilities especially using muons.

* In addition, the ESS facility has a broad range of
fundamental physics complementary to neutrino
physics (proton lifetime, astroparticules,...).

Conceptual Design Report

Website : https://essnusb.eu/ . . .
available on arxiv : arxiv.org/abs/2206.01208
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Zinkgruvan mine

Potential location in Site 2

Zinkgruvan

j Reserves KMW-'}!. o Orebro

[7] Reseurces Vinem

. Copper Mw"!g

r =)

NORD__ Visy

New shaft

Knallagruvan it
Cylinderical caverns NS

Location of shaft

Site 2 is considered as best considering access
to main transport infrastructure and located in
an area less disturbed by mining activities
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Neutrino beam production

ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam
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Physics Performances

ESS
NEUTRINO

SUPER BEAM

Improvement and Optimization for precision
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Optimization for precision
Supposing that value of & is roughly known at ESSvSB time

ICHEP 2022 The ESSVSB High Intensity Neutrino Superbeam

Precision for different neutrino (antineutrino) run times Optimal precision for known &
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The ESSvSB High Intensity Neutrino Superbeam
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The ESSvSB High Intensity Neutrino Superbeam

Future Research Activity

%10
7

‘E 100FS . : % “oss muons at the
= BEE: |, levelofth
g .. level of the

s D€am dump
» (per proton)

s T ¢ {035
00 s0 N 0 50 100 4.2x1020 “/year
x(cm)  (16.3x102 for 4 m2)

4.1x1020 p/year

* Input beam for future 6D m cooling experiments (for
muon collider),

* Good to measure neutrino x-sections (v,, v.) around
200-300 MeV using a near detector,

* Low energy nuSTORM,

* Neutrino Factory,
*  Muon Collider.

7th of July 2022
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Future possible developments based on muons physics
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