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LAGUNA Design Study

® Large Apparatus for Grand Unification and Neutrino Astrophysics

® Aimed at defining and realizing this research programme in Europe

® |t includes a majority of European physicists interested in the
construction of very massive detector(s) realized in one of the three
technologies using liquids: water, liquid argon and liquid scintillator.

® EC contribution: |.7 M€ to be mainly devoted to the sites infrastructure
studies (FP7 “Design Studies” Research Infrastructures LAGUNA
Grant Agreement No. 212343)

2| beneficiaries in 9 countries: 9 higher education entities, 8 research organizations, 4 private
companies (+4 additional universities)
Discuss and assess:

- rock engineering — feasibility

- needed infrastructure WPI Management
- cost of excavation

- assembly of underground tank
- physics programme WP3

Detector R&D to be funded at
national level

Title

WP2 Underground infrastructures and Engineering

Safety, environmental and socio-economic issues

WP4 Science Impact and Outreach

A. Rubbia HIPP Plenary =
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LAGUNA participants

® 2| beneficiaries from 9 countries
® (Coordinator ETHZ (“Switzerland coordinates Europe™)
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LAGUNA Physics goals

(1) Grand Unification - proton decay

eIn 4D SUSY SU(5), SO(10) dimension 6 operators “Msusy
independent” depend essentially on unification mass generically

predict ’Cp=1 034-1 036y

eIn 4D SUSY SU(5), SO(10) dimension 5 operators depend on
sparticle spectrum (Msusy), family structure, triplet higgs mass

generically predict T,= 3 x1033- 3x1 034y

(3) Long baseline neutrino oscillations
013, 0, sgn(AM?)

—
VU™ Ve Ve— V|,
High intensity low energy @\ New neutrino production
conventional neutrino - technology
sources
' >2020? ‘

“superbeams” ?

MW power >2016 \ Neutrino

Beta-Beams ] factories based

: on u storage_ 59
2/4GeVp?50GeVp? g = 2
400 GeV? , : e

A. Rubbia
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®  Astrophysical origin:
% Sun’s interior (day&night)
%  Supernova core collapse
*  Diffuse supernova relic neutrinos
%  Dark Matter annihilation

®  Terrestrial origin:
%  Atmospheric neutrinos
*  Geo-neutrinos (Earth natural

radioactivity)

*  Nuclear reactor cores
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® A new far detector at a far
site

» three options considered
(MEMPHYS, LENA,

GLACIER) with total mass
in the range
50-1000 kton

» seven potential sites at

different baselines from
CERN:;

Name ‘ Type ‘ Envisaged Depth

(m.w.e)

~ 4800
~ 2100
~ 1500
~ 2400
~ 2800
~ 600
~ 4000

(km)

130
630

665 (~ 1.0°0A)
950
1050
1570
2300

Fréjus (F)
Canfranc (ES)
Caso (IT)
Polkowice (PL)
Boulby (UK)
Slanic (RO)
Pyhasalmi (FI)

Road tunnel
Road tunnel
Green field
Mine
Mine
Salt mine
Mine

A. Rubbia

Distance from CERN

72l [MEMPHYS]
s 2 ZABNNNE ©  Liquid
‘47(’5’! !:}/\\‘ scintillator
e N [LENA]

* Liquid Argon
TPC
[GLACIER]

LN
Tegrererr e NG

GLACIER
100 kton liquid argon

Energy 1st | 50
osc. max (GeV) “@ ) &
0.26 o
1.27 &
1.34
1.92
2.12
3.18
4.65

FRANCE

l uo;li::m: s

L L e |
Pointer 52°41'20.12" N '10°562822" E
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Synergy with worldwide programs
Future at JPARC FNAL-DUSEL (USA)

Three Possible Scenario Studied at NPO8 Workshop

NPO8 is The 4th International Workshop
on Nuclear and Particle Physics at J-PARC

oudan,

m&u Be L " ‘I

1S

http://j-parc.jp/NPO8

V
water C

Japan S5
Korea OKkinoshima  Kamioka .

1000km 5 i s 295km |
ldeg. Off- 658km ~ 2.5deg. Off-axis

axis  10.8deg. Off-axis

-
oW [+

Basic ingredients considered: ( | Fer:‘r'c',?,*t’,;’;s;v‘,’{‘h The Intensi
e very high intensity beams (> | MW)
* a new very large far underground
neutrino detector based on Water
Cerenkov or Liquid Argon
technology (“megaton-scale™)

A.Rubbia HIPP Plenary

Project X =8 GeV ILC-lfke Linac
+ Recycler
+ Main Injector
Nat:ona.' Project wrth International CoIfaboratron
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LAGUNA deliverables

® |n total: |6 deliverables (reports)

o [AGUNA-WP3.| Health, Safety, Environment and
Socio-Economic Overview Report

» 249 pages, delivered on schedule
» report on the Health and Safety issues for

each of the seven LAGUNA sites

» define list of local authorities and responsible LAGUNA Design Study

entities and establish contact with them Health, Safety, Environment
» address basic environmental issues and S°°‘°'El§‘;‘;‘;‘;‘t‘° Overview
» address impact on local area (Deliverable 3.1)
» identify potential show-stoppers trict confidence

® Next deliverables:
» It year report (due Sept. 2"9)

» WP2.]-2.8 seven site specific interim reports
due in November 2009

Monday, August 24, 2009 7
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LAGUNA meetlngs

Several general meeting + regular S g 2
phone conferences ' Raid 3
Visit of all potential sites

—J Kick-off meeting July 3rd-4th 2008, Zurich
Kickoft meeting of LAGUNA Institut fiir Teilchenphysik (IPP) Building HPK Room D 24 ETHZ
Honggerberg Campus, Swiss Federal Institute of Technology CH-8093 Ziirich

—) WP2 intermediate meeting September 10th 2008, Paris

—J General meeting #2 November 5-7th, Bucharest

—J WP2 Inermediate Meeting January 26th and 27th 2009, Munich

—) General meeting #3 , Poland, March 31, 2009 to April 2, 2009

—J General meeting #4 September 2-4th 2009 Finland

A. Rubbia
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Several different options are being
systematically assessed and compared

4

In the following | will illustrate a few
examples (| apologize for not being able
to cover all options studied in LAGUNA)
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LAGUNA sites: overburden

Requirement depends on detector technology

At surface intensity

~ 3x10° p/m2/y Muon flux vs overburden
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LAGUNA sites: overburden

Requirement depends on detector technolog

At surface intensity

~ 3x10° p/m2/y Muon flux vs overburden

GLACIER
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Main detector caverns (MDCQC)
MEMPHYS LENA GLACIER

Overburden >2000 mwe >4000 mwe >600 mwe

SS cylinder of 30m @ x105 m
height, inside a external tank

cylinder: 72,4m @ x 26,5m

Dimensions | cylinder 65m @ x e Ny height
of tank 65m height 4 bes dome: 12,7m height x
least
144,8m O

34m O for water-buffer.

A. Rubbia CHIPP Plenary
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Geomechanical studies

Systematic comparison of
assumed rock parameters for

The age of the
bedrock in Finland

the different regions g IR T

Numerical modelling based f ol laa A0
on these parameters RS, ) B L

-

ﬁ KALLIOSUUNNITTELL OY
ROCKPLAMN LTD FLAC3D 2.70

Step 55465 Model Projection
08:44:04 Tue Mar 10 2009

Center: Rotation:
X: 3.080e+001 X: 0.000
Y: 1.013e+002 Y: 0.000
Z: 4.000e+000 Z: 0.000
Dist: 1.525e+003 Size: 6.515e+001

300 m {350['”“"'3] 600 m {1?00”1".!‘!‘&} 900 m {2550I'HWE] Contour of SZZ

Magfac = 1.000e+000
Gradient Calculation
I -5.3244e+001 to -5.0000e+001

-5.0000e+001 to -4.5000e+001
-4,5000e+001 to 4.0000e+001
-4,0000e+001 to -3.5000e+001
-3.5000¢+001 to -3.0000e+001
[ 1-3.0000e+001 to -2.5000e+001

-2.5000€+001 to -2.0000e+001
|-2.0000e+001 to -1.5000e+001
-1.5000€+001 to -1.0000e+001
-1.0000€+001 to -5.0000e+000
-5.0000¢+000 to 0.0000e+000
- 0.0000e+000 to 2.2271e-001
A . Interval = 5.0¢+000

am
* KGHM CUPRUM sp. z 0.0.
uPrRUM  CENTRUM BADAWCZO-ROZWOJOWE

1400 m (3950mwe) 1700 m (4800mwe) B o e e

Witold Pytel

CHIPP

Plenary
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ot o sie wl rtetn Example: GLACIER

by orgonic- mneral c—ostu_

membrane sprayng cavern cccess from 0

— access qollery to cavern from the to

polyester—glass boll
~| fixed by resin charge
| —1‘:—T5 m

5! nless steel
wire mesh

cavern CCCess

" »
from =1 level

cavern cccess

e T — pol'-e-*-‘ﬂ' glass bolt
* KGHM CUPRUM sp. z 0.0. — — .
(]

PRUM  CENTRUM BADAWCZO-ROZWOJOWE (“ 'x" resin char J"
I=~1,6 m

i KGHM POLSKA MIEDZ SA
izt Zaklady Gornicze POLKOWICE-SIEROSZOWICE

HIPF Flenary
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Sequence of excavation

Stege 1/1 — Cevern excavatken between “0° and “~1° levsla ~ sheping of wult Stage I/1 - covern excovatkn butwess “0% cng "o17 lewsls < shoping of weul Stoge 1/1 — cavern excovation belween "0° and 1" levels — shoping of wout

LAgVNA

Poose * ~ mxscuten of inlliol Breascut Proas 5 — nexct loyer micavotie ~ shaping of romp Fheae 5 ~ next icper excavethn — shoping of ramp

&

| |
MERES VPN

wpart cennection with

IR | \su e stability of
excavation at all
phases of progress

Stoge 1/2 ~ cavem excovetlon be 1" ond "-2° levels — shaping of side wals St0ge I1/2 — covern mcavation between T levels = shoping of akie wollt Stoge 1/2 = Covern excovotion between "0 1" lowein = shaping of side wala

Fhese 1 Mt ‘oyw e 3 shapeg of remp Phose '1 — pext loyer excovolion — shoping of ramp Phose '7 — tronsport ceaneclion with *-Z° leve's

Define sequence
of excavation and

Stoge 1/2 ~ covern excovotion between 17 ang "~2° lewels — shoping of side wols  Stoge 5/2 — caven excovetlon between “-1° and "-2° levels — shaping of side wals Stage II/2 - covern excavatin between "—17 cnd "-2° levels — ghaping of side walls

Slage 18 ~ pext loyer sxoowalion Fhess 18 < naxt loyer mxcowstlons @ 19 -~ remp leuidation

\ [ ]
| i r y I ' l
[
Stoge 1/3 — covern sxcovotion beow “—2° lewl ~ *cor shoping Stage I1/3 — cowern mecovotin beow =27 leve — Moo shaping Stage /3 — covern excavatin b =27 level — foor ahoping
e f et e et Pnose 4 ~ next jaywr excovetion ~ shoping of reme Phase § - r aticn ~ completion of sowen mcavlios

Monday, August 24, 2009 14


https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23

y

! =
=
=

Lu\ g\'n-‘\

MDC and required infrastructure
Access, ventilation, storage, emergency storage, ...

Example: Sieroszowice

ACCESS RAMP (~630 m LONG)
.2. VENTILATION—ACCESS RAMP (~500 m LONG)
. CIRCUMFERENTIAL GALLERY (~245 m LONG)
ACCESS GALLERY TO "0" LEVEL (~105 m LONG)
) ACCESS GALLERY TO "—1" AND '—2" LEVELS (~335 m LONG
ACCESS RAMP TO "—1" LEVEL (~135 m _ONG)

ACCESS RAMP TO "—2" LEVEL (~3290 m LONG)
8. VENTILATION GALLERY (~330 m LONG)
2.1. MAIN COMTROL — OFFICE, ELECTRCNICS (~40 m LONG)
), LOW BACKGRQUND LA3ORATORY (~20 m LONG]
CLEAN ROOM (~85 m LONG)
VENTILATION—AIR—=CONDITION CAVEIN {(~65 m _ONG)
STORAGE AREA (~80 m LONG)

PCSSIBLE SITE OF ADDITIONAL CAVERNS
(

take intoe consideration of costs estimation)

| LACIER caverr (~181 775 m> VOLUME)
* KGHM CUPRUM sp. z 0.0. L —— _\J\f r-,; ‘1_,,ﬁ_fp.<.r,' _— .}jt "4 800 AN
UPRUM  CENTRUM BADAWCZO-ROZWOJOWE 4.1. ACCESS RAMP TO EMERGENCY TANKS (~1220 m LONG)

\
4 3 ( ) \/ ‘\ I'-;' LY ]--; AN —r-l Y (g : ‘/-. s (- \/ AN - e (_,I - l':l . ':_‘ \
vdzal Zaklady Gornicze POLKOWICE-SIEROSZOWICE .3. OVERFLOW CHANNEL "0 EMERGENCY TANKS (~120 m LONG,

EMERGENCY TANKS CAVERNS (~171 000 m’ VOLUME)

. : . 4.2. TURNING RAMP FROM EMERGENCY TANKS (~425 m LONG)
ﬁ KGHM POLSKA MIEDZ SA

HIPF Flenary
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™ REPRODUCED, LENT OR[DISPOSED WITHOUT = THEIR PERMISSION |IN WRITING. <

©TECHNODYNE AND 1S <Jr NOT TO BE

THIS DRAWING [S[ THE PROPERTY OF

Example: GLACIER

PROCESS PENETRATIONS
INTANK PUMP, BOIL OFF GAS,
LIQUID DELIVERY.

INSTRUMENTS FOR
PRESSURE,

LEVEL,
TEMPERATURE.

CABLES TO PHYSICS
INSTRUMENTATION

70400 OUTER TANK TYPICAL

DESIGN REQUIREMENTS

ITEM

INNER TANK OUTERTANK

TYPE OF TANK

FULL CONTAINMENT

68000 INNER TANK TYPICAL

SEISMICHAZARD =

REFER TO TABLE

DENSITY OF FLUID

8000 TYP

/

INNER TANK TOP /
LEM/ ANODE /

SHELL INSULATION -

BOTTOM INSULATION ——]

TOP INSULATION

1392.8 kg/m®

BOIL OFF DESIGN

<0.1% /DAY

AMBIENT TEMPERATURE

REFER TO TABLE

SHELL /BOTTOM MATERIAL

A240 GRADE 316L A553 TYPE 1

ROOF MATERIAL

A240 GRADE 316L §275J2

‘STRUCTURE

AB53 TYPE1 §355J2

284 tonnes

ROOFS
PHYW&NTATION MA

NUMBER OF S POIN]

16

AMBIENT AIR SUPPLY

YES

TANK DESIGN PRESSURE

200 mbarg 50 mbarg

LOAD BEARING INSULATION

|

TANK OPERATING PRESSURE

£ >-5 <100 mbarg

OUTER TANK ROOF

39000 TYPICAL

{ OUTER TANK

y CONCRETE PILE CAP

> CONCRETE PILES

T T T T T T A T T T T LT T

>

f CAVERN DIAMETER 74000 TYPICAL

CAVERN FLOOR

CATHODE ( 1MV) /

INNER TANK

Tank Designer :

TECHNODYNE INTERNATIONAL LTD.

W Unit 16, Shakespeare Business Centre
Hathaway Close, Eastleigh, SO50 4SR, UK

Frofet: LAGUNA STORAGE TANK

Drawing Tite :
GENERAL ARRANGEMENT
LIQUID ARGON TANK - FLAT INNER TOP

INITIAL ISSUE

JMH | JMH

Client Job No.: Technodyne Project Code : C741

OPTION 1 DOUBLE CONTAINMENT

| Descapion

REVISE THIS DRAWING USING CAD SYSTEM ONLY.

I

.[scale: NONE EquipmentNo: TK- 101

0 | 3

DrawingNo: - G741 - 10 - 002 St 1of 2 Rev
I

2 | 1
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® Mine owned by Inmet Mining based in
Toronto, Canada
® One of the deepest sites (4000mwe)

® Farthest from CERN (2300km) - large
matter effects in neutrino oscillations

nnnnn

® [etter of Intent set up with mine
owners, LAGUNA accepted |

® Main rock mechanical calculations done \ »

® Llay out design in progress

® Rock excavation related aspects of
ventilation in progress

® Safety, environmental: first risk analysis
done, main focus safety during
excavation (collapse, fire, environment)

political bodies. Socioeconomic impact

analysis in progress.

A.Rubbia
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GLACIER

Located Near Wroctaw, south-west of Poland
Mine owned by KGHM Cuprum

Strong support from mine company ,_
Main rock mechanical calculations done e

Anhydrite / Dolomite P-VII shaft (658 m depth) position selected ¢ '

Safety, environmental: first risk analysis done, no ventilation =) -
issues, shaft has large capacity =
Project introduced to local and national political bodies.
Socioeconomic impact analysis in progress (LAGUNA selected |

as one of the 4 Polish national priorities in fundamental SC|ence)>/
Distance from CERN = 950 km

Cavern

Cavern vertical :
horizontal

convergence convergence Cavern stabilit
after 40 years g y
after 40 years

(m) (m)

Depth: 983.5 m strata
Anhydrite _ 0.0025 0.024 Slight spalling of wall surface

Depth: 1112,5m
(borehole S-384) 0.002 0.001 as above

Anhydrite |rrelevant |rreIevant Stable

Depth: 617.5 m Damages within wall and floor
(P-VII Shaft) as above as above strata
Anhydrite/Dolomite - Stable

e et ssabove | asabove | Igenibeartioce shatne
Anhydrite 0 004 O 09 Stable

Depth: 1369 m 0 563 O 003 as above

(borehole 5-460) -0.002

Surrounding rocks Tectonic stress

A. Rubbia CHIPP Plenary
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SLANIC salt mine, Romania

® An existing, shallow site (600 mwe) with low natural radioactivity
® Temperature = |3°C, humidity 65-70%
® Excavated volume 2.9 million m3 (!)
® Floor area 70000 m2
® Height of excavated rooms 52-57 m
® CERN distance = |570 km
® Local community supportive [ “ :
® Possibility to reuse existing X
caverns E\\”“)*’ R

A. Rubbia CHIPP Plenary
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....... _ LAgVNA

Altro. Mappa_| S

Shallow site for GLACIER = = Rog - /_l
I deg Off'aX|S w.r.t C N GS g 4 INGEGNERIA
Overburden = 1500 mwe 7

Horizontal tunnel access

Distance CERN = 665 km

Study performed by AGT

Ingegneria -
Contact with regional authorities:

INTERMEDIATE
CEVERN Z

® Regio ne U m b ria — at th e o +* ot Horizontal access tunnel 4 e g

LU J

PARTIALS ()

RESSMES [m)

moment unofficial support —
® AR.PA.Umbria (Regional

Environment Agency) — | | ST
Environment & Hazard issues BN A S
® Fire Service (Provincial oy R

% 3) FOUNDATION (REINFORCED CONCRETE)
H d ’ S f & ) 4) SUB-FOUNDATION (REINFORCED CONCRETE) WITH SE|
ea q u a rte rs a ety 5) BOLTS FOR LOCAL ROCK STABILITY {IF NECESSARY)
~ 8) GANTRY CRANE FOR CONSTRUCTION AND MAINTENA
. - 7) POSSIBLE LOCATION FOR UNDERGROUND ROOMS
Hazal"d ISSUGS ) $=1200 m-V =11000m>H=6m
{MAIN CONTROL, OFFICE, ELECTRONICS, STORAGE &t

® No Signiﬁ cant ShOW-StOppe rs have e ooty A0t e D ROCHS
{CLEAN ROOM et al.)
been identified.
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A word on the detectors

¥

LAGUNA EC funding is mainly focused at
site infrastructure studies

Detector R&D must be supported by
other means and in particular at the
national level
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GLACIER: Giant Liquid Ar Charge Imaging ExpeRiment

AR, hep-ph/0402110, Venice 2003

Max drift length

e Based on novel concept of
LAr LEM-TPC (double phase)
w f Resnati’s talk

 Main focus of detector R&D in Switzerland

* Interest expressed in liquid Argon option from several European institutes in particular
from France, Poland and United Kingdom

e Formal ETHZ-KEK Collaboration formed in 2008, focused at LAr R&D towards 100 kton
detector, currently considering:

« 250L detector at KEK
e Test beams in charged and neutral particles
e 1000 ton detector

Monday, August 24, 2009
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Step-by-step R&D strategy  Willassessif

o S ll tot »t le detect > | kt . ) 100ktOnIS
mall prototypes 1= ton-scale detectors = Lkton ™ * yithin reach

LEM readout on IxI m?2 E&@
scale UHV, cryogenic system at 3;; ST S
ton scale, cryogenic pump for [ S5
recirculation, PMT operation in |11,
cold, light reflector and collection,f | 8
very high-voltage systems, feed- 8¢
throughs, industrial readout =
electronics, safety

direct
proof of

proof of principle
double-phase LAr LEM-
TPC on 0.1x0.1 m? scale

B T S

Application of LAr LEM
TPC to neutrino physics:
particle reconstruction &
”“» identification (e.g. | GeV e/p/m),
optimization of readout and
electronics, possibility of neutrino
beam exposure, purity tests in
non-evacuate vessel

full engineering
demonstrator for larger
. ”“» detectors, act.ing as near
L detector for neutrino fluxes and
| =150 mm cross-sections measurements,
large scale application, ...

/ ‘ ~700 mm
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Conclusions

o [LAGUNA (FP7 DS, GA 2008-2010) addresses the feasibility of a new
large underground infrastructure in Europe able to host next
generation neutrino physics and astroparticle physics and proton
decay experiments.

® One of the seven priorities of the ASPERA roadmap

® Seven sites are presently being considered and three detector
technologies (WC, LAr, LScint). The LAGUNA study will foster
convergence at the European level and should lead to a common
proposal towards the next step (a detailed study leading to
preparation of the experiment)

o [ AGUNA mainly towards a European context is also strongly linked
to other project world-wide (Japan, USA) that consider the same
physics goals

® Swiss interest strongly biased towards liquid Argon option.

® Tight collaboration on LAr R&D with KEK (Japan) since 2008.
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GLACIER: Giant Liquid Ar Charge Imaging ExpeRiment

AR, hep-ph/0402110, Venice 2003

pullidas AT e Single module cryo-tank based on industrial LNG technology
(‘ | « Cylindrical shape with excellent surface / volume ratio
e Simple, scalable detector design, possibly up to 100 kton
* Single very long vertical drift with full active mass
 Averylarge area LAr LEM-TPC for long drift paths
» Possibly immersed visible light readout for Cerenkov imaging
up to h = * Possibly immersed (high Tc) superconducting solenoid to

Max drift length obtain magnetized detector
 Reasonable excavation requirements (<250‘000 ms3)

e Passive insulation heat loss =~ 8OkW@LAr

* LEM+anode readout with 3mm readout
pitch, modular readout, strip length
modulable, 2.5x106 channels

* Purity < 0.1 ppb (O2 equiv.) in non-
evacuable vessel

* Immersed HV Cockcroft-Walton for drift
field (1 kV/cm)

* Readout electronics (digital F/E with
CAEN; cold preamp R&D ongoing;
network data flow & time stamp distrib.)

e WLS-coated 1000x 8” PMT and reflectors
for DUV light detection

A.Rubbia HIPP Plenary
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Criteria: Upgraded CNGS

® The physics potential of an intensity upgraded CNGS beam coupled to a
new off-aX|s detector has been first addressed in JHEP 061 1:032, 2006
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Criteria: Upgraded CNGS

® The physics potential of an intensity upgraded CNGS beam coupled to a
new off-aX|s detector has been first addressed in JHEP 061 1:032, 2006
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Long baseline neutrino oscillation

J-PARC CERN SpS CERN PS2 |
design | upgrade | ultimate CNGS i | ‘ SLHC fe
2] [72] 2] dedicated I (61] ‘ (73] | [7:
Proton energy £, 30 GeV/c 40 GeV /c 400 GeV/c 50 GeV/c
ppp( x 1013) 33 67 > 67 4.8 14 | 4.8 15 12.5 25
2 A8) 3.64 2 < 2 O O O O 2.4
Efficiency 1.0 [.0 1.0 .55 083 0.8 | 0.8 1.0
Running (d/y) |30 [30 [30 220 220 | 240 | 280 200
Nuot /¥ (X10™%) 100 380 ~ 700 7.6 . | 12
Jeam power (NMW) 0.6 1.6 4 0.5 e [ 0.5
E, X Npot 4 11.5 28 3 '
(x10%* GeV-pot/vyr)
Relative increase X3
Timescale >20147
KEK roadmap = ‘ 37
ST et s
eiia O )
e Increase SPS integrated intensity to CNGS by a c ot > 2
factor x3-x10 compared to baseline 4.5x10'° pots/yr ? “/o % 63;; ?»z
o

® and/or increase baseline PS2 parameters by a factor e o c
x4 to satisfy potential next generation v experiments ? /\-30 ?03 N
o o
=5 =
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Criteria: distance from CERN
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100 kton
S yrsv

0,5 sensitivity 3 x 102" pots/yr @ 50 GeV

013 Sensitivity - CNXX NOvA Horns - 50 GeV protons

v run only - 100 kton
30 C.L.curves

OAO0.5 (Sieroszowice - 950 km)

/

OAO0.25 (Pyhdsalmi - 2300 km)

Monday, August 24, 2009



100 kton
o Syrsv+3yrsv
Ocp Sensitivity 3 x 10?" pots/yr @ 50 GeV

CP Discovery - CNXX NOvVA Horns-50 GeV protons

(v +antiv) run - 100 kton
30 C.L.curves

OAO.5 (Sieroszowice - 950 km)

e

OAO0.25 (Pyhasalmi - 2300 km)
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100 kton
5yrsv+5yrsv

Mass hierarchy sensitivity 3x 102" potsiyr @ 50 GeV

Mass Hierarchy Exclusion - CNXX NOvA Horns-50 GeV protons

— (v+antiv) run- 100 kton
— 30 C.L.curves OAO0.5

(Sieroszowice -

/ 950 km)

OA0.25
(Pyhasalmi -
2300 km)
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Neutrinos from B beams: case study

® Acceleration of 6He (antineutrinos) and I8Ne (neutrinos) nuclei
® Design of the complex in the context of EURISOL DS (FPé6)

® |large investments required at CERN (source + storage ring)

® Counting experiment ?

Sensitivity to CP violation at 3¢

Combine superbeam and -beam for _ Sensitivity to CP violation at3o
redundant test of CP. T, and CPT " AL (Bep=0.m) =9

SPL

Low-energy part High-energy part

lon production i Acceleration Neutrino source

= Beam terxperiment
Proton Driver :

SPL Acceleration to final energy /\.
I PS & SPS

lon production
ISOL target &
lon source

Decay ring
: Neutrino Bp = 1500 Tm
Beam preparation gy : Source |g=-~5T

ECR pulsed _
Decay C=~7000 m

lon acceleration Ring

Linac < © oy s Illlllllg ||||||||q IR
’ 2 10” S (V) 10

Acceleration to
medium energy .
RCS

true Rin“fflﬂl ;
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Neutrinos from B beams: case study

® Acceleration of 6He (antineutrinos) and I8Ne (neutrinos) nuclei
® Design of the complex in the context of EURISOL DS (FPé6)

® |large investments required at CERN (source + storage ring)

® Counting experiment ?

Sensitivity to CP violation at 3¢

Combine superbeam and -beam for _ Sensltivity o CF violat
redundant test of CP. T, and CPT " AL (Bep=0.m) =9

| - %

Low-energy part High-energy part

lon production i Acceleration Neutrino source

= Beam terxperiment
Proton Driver :

SPL Acceleration to final energy /\
PS & SPS

lon production
ISOL target &
lon source

Decay ring
. : Neutrino |B; = 1500 Tm
Beam preparation gy Source |p=-~5T
ECR pulsed : C = ~7000 m

i Decay
lon acceleration Ring

Linac < © oy ¥ Illlllllg ||||||||q
’ X 10” S (V)

Acceleration to
medium energy .
RCS

true Rin“fflﬂl ;
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The Asian example beyond T2K
Three Scenarios Studied at NPO8 Workshop

NPO8 is The 4th International Worksh
on Nuclliar aild Pall'ltig;l i"li(;sliis atO;-lfA(l;pC One JP A R C
superbeam &

three baselines
at different OA

OA2:4 (Ulsan-1025km) http://j-parc.jp/NP08

ang/es !

572

Japan

35 4
Ene (GeV)

K orea Okinoshima Kaam-mka Lj}

’4' |l'
¢

4ﬂ<?---L*°

0 I Y 295km
658km +2.5deg. off-axis

0.8deg. off—ax1s

- arXiv: 0804 2111 ¢

1000km
2.5deg. off-
axi1s

Monday, August 24, 2009 36


https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23

Three Scenarios studied

Scenario 1 Scenario 2 Scenario 3
Okinoshima Kamioka Kamioka Korea

Baseline(km) 660 295 295 & 1000
Off-Axis Angle(°) 0.8(almost on-axis) 2.5 2.5 1

‘ Method v.Spectrum Shape Ratio between v,v, Ratio between 15t 2nd
Max

Ratio between v, v,

Beam SYears v, 2.2 Years v, S Years v,
then Decide Next 7.8 Years v, 5 Years (/u,

Detector Tech. Liq. Ar TPC Water Cherenkov ~ Water Cherenkov

Detector Mass (kt) 100 2%x270 270+270

Study is continuing to seek optimum choice

A R HIFFP Ple V/
W
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2¢ Physics Reach : FNAL to DUSEL with 0.1 Mton LAr

3 o Discovery Potential for sin2(2913)¢0

3 ¢ Discovery Potential for 50 and ()

Project X NUMI offAxis

roject X with Wide Band Bea
Ar100 detector 1300km baseli

10*

Nermal Hierarghy
I\I\T\III‘I\I\‘I\II‘II\I‘I\I\‘I

0

1 2 3 4 5 6

CP-Violating phase &

NOvVA+SktLAr+PX - NOvA+100kt LAr +PX

100ktLAr (OR 300kt WC) +New WBB+PX at DUSEL

N.Saoulidou

38


https://www.ids-nf.org/wiki/CERN-2009-03-23
https://www.ids-nf.org/wiki/CERN-2009-03-23

Eol in test beam CERN NA

IPN Lyon, ETHZ,Warwick, Bern, INR, KEK, Silesia (Katowice), IPHC Strasbourg,
Sheffield, Liverpool, Imperial College, RAL, IFJ]-PAN Krakow, CEA/SACLAY
Experimental assessment of physics performance:
® particle identification and
reconstruction (e/p/T1/110)

® calorimetric response (em & had)
® neutrino interactions reconstruction

+ purity tests in non-evacuated vessel,
readout electronic, DAQ, software, ...

Readout area: = 2.5 m?
Drift length: = 1.15 m

Instrumented volume : = 2.8 m3
Instrumented mass: = 3.9 tons

LEM-TPC readout ~1 150 mm

Field shapers
Supporting pillars

Cathode

Light readout

A.Rubbia
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Thoughts on | kton near detector

® Tentative location under investigation: near JPARC along T2K neutrino beam

/ ’ Eidgendssische Technische Hochschule Zirich
10 e e e s
1 1 = = = = = 1 e

® O Uter ta n k rOOf Swiss Federal Institute of Technology Zurich

* Access point

* Top insulation Inner Shell

e Quter tank

* Inner Shell

* Detector

* Argon re-circulating
system

©12080
©14500

S - Mechanical jack N ;
* Rigid Tube j ! ' #mnsm“ Fron 1 a0 100
* Bellow ; ‘ | : [fo : 100 300

[Tollerance : -4 0.9 0.
« Internal clean tie-rod directly | & = s
connected to the pillar top 3 | - b | 12m Detector Cut
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