ESS based neutrino Super Beam
for CP Violation discovery

Marcos DRACOS
I[PHC-IN2P3/CNRS Strasbourg



EUROnu Projects
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0131s large!!!
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proposed facilities have to be readjusted...
now, the name of the game i1s CPV
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CP Violating Observables
(and MH)
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Neutrino Oscillations
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SPL not any more part of LHC
upgrades

—

Any other intense proton source in Europe?
(in the context of European Strategy for Particle Physics)

f) Rapid progress in neutrino oscillation physics, with significant European involvement, has
established a strong scientific case for a long-baseline neutrino programme exploring CP
violation and the mass hierarchy in the neutrino sector. CERN should develop a neutrino
programme to pave the way for a substantial European role in future long-baseline experiments.

Europe should explore the possibility of major participation in leading neutrino projects in the
US and Japan.
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sanow  European Spallation Source

SOURCE

Target station
where neutrons
are emitted and led
to neutron beam
guides.

Clystrons and
modulators
provide the power
to accelerate the
protons.

Superconducting
linear accelerator Laboratory for
where protons sample preparation.

are accelerated.
o
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ESS Data Management and
Software Centre, Niels Bohr
Institute at the University of
Copenhagen.
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ESS proton linac

<ot} 352.21 MHz i 704.42 MHz mi
€«<2m—> €5m> €««Im—> «<IIm> «<—75m—> «—IlI7Tm—> «2000m—> <« 163 m >

Source

75 keV 3 MeV 50 MeV 191 MeV 653 MeV 2500 MeV

* The ESS will be a copious source of
spallation neutrons

* 5 MW average beam power

* 125 MW peak power

* 14 Hz repetition rate (2.86 ms pulse
duration, 10% protons)

e 2.5 GeV protons (up to 3.0 GeV with
linac upgrades)

e >2x10% p.o.t/year
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ESS Schedule

2010 - ESS Company set up

2010 - 2012 Technical Design Review

2010 - 2012 Pre-Construction & Site Planning

2009 - 2012 Licensing and Planning

2010 - 2012 Finalisation of international negotiations

2013 - 2019 Construction Phase - 7 instruments
2019 - 2025 Completion Phase - all 22-33 instruments in place

2026 - 2066 Operations Phase * 1 beam before the end of

2066 — 2071 Decommissioning Phase the decade
* 5 MW by 2023

The ESS Site o= The ESS Site

23 October 2012

20 August 2013
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How to add a neutrino fa0111ty‘7

*  We must not affect the neutron program
and 1f possible be synergetic

 Linac modifications: double the rate
(14 Hz — 28 Hz)

* Accumulator (¢ 143 m) needed to
compress to few us the 2.86 ms proton
pulses, affordable by the magnetic horn
(350 kA, power consumption, Joule effect)

* H- source (instead of protons)
* space charge problems to be solved
» Target station (studied in EUROnu)

* Underground detector (studied in N

— ESS
— SPL-SB

LAGUNA) §:4
=12

« ~300 MeV neutrinos 210
e Linac and accumulator could be the first ) 2

step towards the Neutrino Factory

(http://lanl.arxiv.org/abs/1212.5048) 0 flt L e L
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Neutrino Oscillations
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The MEMPHYS Detector (Water Cherenkov)
(LAGUNA)

Mainly to study:
*Proton Decay (GUT)

* up to ~103> years lifetime
*Neutrino properties and Astrophysics

* Supernovae (burst + "relics")

100 m

» Solar neutrinos

* Atmospheric neutrinos

e (Geoneutrinos

* neutrinos from accelerators (Super Beam, Beta Beam)
Water Cerenkov Detector with total fiducial mass: 500 kt:

* 2 Cylindrical modules 100x65 m (arXiv: hep-ex/0607026)
» Readout: 22.2k 8” PMTs, 30% geom. cover.

20 August 2013 M. Dracos 12



MEMPHY'S Parameters
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Possible Detector Locations

&7 A | y \

. 57\ %+ Many mines (active or not) are
CERR AL & o EERTU N available in Sweden
E- B 9 \"Om . . o« .
IR b 1 \?‘ P -+ What is the optimal position for CPV?
: ‘t:1 0'9 0 kn:g pyhasaimi How this project could help for MH?
| i ~LA% e Am =2 4x10° eV
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E~290 MeV

- Oska'rsham\h GLATVIA
DENMARK ..L&ﬁo km D=p00m~——"—
> ; LITHUANIA
. . s 0.0
NORTH .,,:.. . e 2D ”Mu:.. m:‘ &
SEA oo i Reve vaeon » RUSSA

100 200 500

2000
L/E (km/GeV)
20 August 2013 M. Dracos 14



Garpenberg Mine (Boliden)

Distance from ESS: 540 km

Orereserves/resources in Garpenberg mine 2011-12-31 o
Garpenberg Paste plant Garpenberg norra
Gruvsjoschaktet A Dammsjon o E 8
* Depth: 1232 m N ~ .
e Truck access tunnels
Kyrkan-
L Tyskgérden

Finnhyttan
Potential

 Two ore hoist shafts

1000Z

1600Y 2000Y 2400Y 3200Y 3600 . 4000Y 400Y 4800Y 5200Y
Ore reserve: G-gruvan Dammsjon Kvamberget Lappberget Kaspersbo  Norra Gransjon
Tot. 23 608 kton_ - 3360 kton 18 412 kton 1343 kton 336 kton 158 kton
Oreresource: | RN 1792 kton 8$843kton 6571 kton 16819 kton 7003 kton

Tot. 41 028 kton

- Utbruten malm
SDn /2012

A new ore hoist shaft is planned to be ready in
3 years, leaving the two existing shafts free for
other uses

20 August 2013 M. Dracos 15
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Physics Performance

CPV (Enrique Fernantez) MH
10 0
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e 1 Mton WC detector (440 kton fiducial), 5%/10% syst.
* 3.0 GeV protons
* 5 MW proton beam

Am2, =2.537%.107/-2.40%°19.107 eV

= Atm. sector
{ sin® 6, =0.49%008/0.530 0
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Which baseline?

CPV MH
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e Zinkgruvan is better for 2 GeV e . o
, » Zinkgruvan is better
* Garpenberg is better for > 2.5 GeV

e atmospheric neutrinos are needed
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Neutrino spectra
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Neutrino spectra

neutrinos
MR 8 Y2 X ) e R
T2HK 3560
ESS 540 km 196.7 4.6 33.3 0.04 13.7 0.9
ESS 360 km 303.3 10.7 70.8 0.08 29.2 1.4

anti-neutrinos

MRS 7S YT Ty T O R

T2HK 1959
ESS 540 km 162.9 2.8 1.1 23.5 8.2 7.8
ESS 360 km 246.1 6.1 2.4 50.6 17.4 13.3

ESS: 2 years neutrinos, 8 years anti-neutrinos, 200 days/year (almost no kaon contamination)
T2HK: neutrinos: 2.25 MW x 107 s, anti-neutrinos: 5.25 MW x 107 s

20 August 2013 M. Dracos 20



Statl SthS/SYStGmathS CPV (2 GeV protons)
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Physics Performance for Future SB projects

(Enrique Fernantez)

CPV MH (unknown)
500 . 10
— — LENF --mmmee- SPL - 100 km 600 km
ESS  s=e=memee- - T2HK - 200 km 800 km
100 [ B —— LBNO - 500 km
. ~ |
6_
~ - S0
P b
4‘_
L /\\ 30 ) \\
unknown MH s ‘
e D 0 | | .
00 0.2 04 0.6 0.8 1.0 - 180 -90 0 90 180
0 fraction 0

 LBNE: 5+5 years, 0.7 MW, 10/35 kt LAr

* T2HK: 3+7 years, 0.75 MW, 500 kt WC (5%/10% syst. errors)

* SPL: 2+8 years, 4 MW, 500 kt WC (130 km, 5%/10% syst. errors)

* ESS: 2+8 years, 5 MW, 500 kt WC (2 GeV, 360/540 km, 5%/10% syst. errors)
* C2Py: 20/100 kt LAr, 0.8 MW, 2300 km

20 August 2013 M. Dracos 22



Physics Performance for Future SB projects

(Enrique Fernantez)
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for 2 GeV

e optimum 300-400 km
for 3.5 GeV

e optimum 500-600 km

but the variation 1s small
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oCP accuracy performance

(snowmass)
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ESS is under construction
 very intense source of protons, 5 MW, 2-3 GeV
» more than 2x10?3 protons/year
» well defined schedule
Modifications are needed to transform ESS to neutrino facility
e Double the rate could be the first step towards
T . o iy the Neutrino Factory
* Add a target station
e Underground detector MEMPHYS), mines available
Very promising physics performance using EUROnu optimizations:
* CPV: coverage up to 60%

* MH: could reach 5 o combining atmospheric neutrinos

First ESS beam 2019, full power/energy by 2023.



Collaborators are welcome...

(just email tord.ekelof(@physics.uu.se, marcos.dracos@in2p3.fr )

20 August 2013 M. Dracos
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20 August 2013

Backup

M. Dracos
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Which baseline?

] e U5 j— SPL
ESS  =mememem- - T2HK known MH
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Which baseline?
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Physics Performance for Future SB projects

(Enrique Fernantez)

200 CPV =emm=e | BNO-100kt == | BNO-20kt 1 200 CPV-fixed MH
—-=— | BNE-34kt ==== | BNE-10kt

100t
: 0 T2HK

50} -
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Horn Optimization

NE x10-“:
g 035 | perfect focusing s Gy
: - / |
=
- 0.3 |-
E=
Q
S .
\‘5_1 0.25 |-

0.2 |-

ok present focusing

0.1 F
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0.05
0 "IN I I R A P PR [N TR TR T [T TR TR T [ T TN |
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Physics Performance for Future SB projects

(Enrique Fernantez)

LENF, 200 km, 100 kt MIND
SPL, 4 MW, 130 km, 500 kt WC
C2Py, 0.8 MW, 2300 km, 20 kt LAr
C2Py, 0.8 MW, 2300 km, 100 kt LAr
SPL2, 4 MW, 650 km, 500 kt WC
ESS, 3 GeV, 500 km, 500 kt WC
LBNE, 1300 km, 10 kt LAr
e = = | BNE, 1300 km, 34 kt LAr
e T2HK, 7 MWyr, 500 kt WC

Systematics of 5/10% for signal/background
for all facilities except LENF (1.5/10%)
10 years data taking for all facilities

20 August 2013 M. Dracos
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