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Anana3oH 3aHeprum HEUTPUHO, OXBAYEHHbIX
pa3fiM4HbIMU AeTeKTopaMu

log By A

10°-
Tev 10 -
10
10
GeV 10 -
10
10
MeV 10 -
10
10
keV 10 -

apteyoIWeM-1adng

€ MZ1 'SONIN

Atmosph

Acceler.

oulxalog ‘3OVS XITIVO

>
>
M-1adng ‘apueoliwe - ONS

Solar.

ZOOHD 'ANVwey

A 34

Reactor.

so10J3US 217EWOIYI0UOW UMM
sourJnau

_|

[EEN
o0)
\l

A

@D

Contin. B~  e—Capture.
HO. HoBukos- CemuHap MNMNAP- 12.01.2012



«I'100anbHass» UHGOPMALIUA 0 CBOMCTBAX HEUTPUHO
Iv.>= > U, |vi> {a-> e,n,7—apomarsl HeiiTpuHo; i-> 1,2, 3—co6cTBeHHbIE PYHKIIUH,
KOTOPBIM COOTBETCTBYIOT COOCTBEHHbIE 3HAYEHHS Macc M,,M,, M, }

Neutrino masses squared differences

2
Ams,

Ams,

B,
(A, = 1 0 0 €13 0 8'15813 Ci19 8 0
‘ i L1 0 co3 823 0 1 0 -812 c2 0
Notmal =
= w0 —pl0p.. .
[nverted 0 823 C23 es13 0 c13 0 D I

Schwetz, Tortola, Valle, New ).Phys.10:11301 1,2008
Am3,  (7.65702)10-%eV?
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| —MINOSEBestFit | 2 +0.12\ 10-3 ,172
| 1l 12l aosg10tev
: lsocL ] sin2 923 O-SOtggg
== CHOOZ90%CL 1 ‘

Zsln’ﬂnﬂ for CHOOZ -

sin’ 613 < 0.056 @30 : e y

sin’(26,;) < 0.12 normal hierarchy
sin’(26,,) <020 inverted hierarchy

Mm & LBL & CHOOZ

_.'5‘"016"'017'"0.'8"(')19"'1
sin?(26) and sin’(28)

Solar & KamLAND

ALL v osdillation data 2008
ALL + MINOS 2009

Dedicated experiments to explore
5in22813>0.01 in the coming years !
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“PacxoxaeHue’” pasnnyHbIX 3MNEeKTPOHHbIX ANWUH ocunMnnauum L
Am,,2 = 7.5x105 (eV)2 > L,/E, =3.3x106 B
Am ;2 =2.5x103(eV)? > L 4/E, =103
Am 2 =1 (eV)? > Ly /E, =25

KO. HoBukoB- Cemunap NNA®- 12.01.2012



OTKpbITbIe BONPOCbLI HEUTPUHHON (DU3UKN

KakoBbI a0OCOIOTHBIC 3HAYEHUSI MACC HEUTPUHO M; ?

KakoBa abcotoTHas Macca 3JI€KTPOHHOIO HEUTPUHO?

CKOJIBKO TTOKOJICHUH HEUTPUHO ?

CylIeCTBYIOT JIM «CTEPUIIbHBIC» HEUTPHUHO?

CyIIecTBYIOT JIH TSKEIBIC IPABOBUHTOBBIC HEUTPHHO (S€e-Saw)?
KakoBO MpoucX0XIeHNE MaCChl HEUTPUHO?

Hapymaercs mu CP-4€THOCTh B ¢1a00M B3aUMOACUCTBUM?

HabOmronarorcst mn O€3HEMTpUHHBIE JBOMHBIE OeTa-npeBpanieHus (3
WU €€), T.€. ABIISIETCS JIU HEUTPpUHO MalOopaHOBCKOW YaCTHIIEH,
HapYIIAKIIEH 3aKOH COXPAHEHHUS JIENTOHHOTO 3apsaa !

KakoB MarouTHBIT MOMEHT HEUTPUHO?
KakoBbI TOUHBIE 3HAYCHUS TapaMEeTPOB MAaTpUIIbl cMemuBanus U ?
KakoB BkJ1a/1 HEUTPUHO B TEMHYIO MaTEpUIO?

KakoBa poJib HEUTPHUHO B Pa3IMYHBIX aCTPO(PHU3NYECKUX Mpolieccax?
..U MHOMMCECMBO OpY2UX “‘NPOU3BOOHBIX 80NPOCO8

0. HoBukoB- Cemunap NMNAd- 12.01.2012



Kakmne akcnepumeHTbl NPU3BaHbLI
OTBETUTb Ha 3TU BONPOCHLI ?



[MpoeKkTbl noncka 6e3HeUTPUHHOro ABONHOro
O6eTa-pacnaga ¢ YyBCTBUTENbHOCTbLIO =102° neT

CUORE TeO, Crystal bolometers

EXO Liquid Xe TPC, daughter tag
GERDA Bare Ge detectors in DN LAr
Majorana Ge det. in traditional cryostat
CUORE
MOON Scint. sandwiching Mo foils S
S NEMO | Foil ki int.
uper oils, tracking and scint MOON

NEMO GERDA

Courtesy of P. Vogel



OnpeaeneHue Maccbl aHTUHEUTPUHO
(c TouHocTbO A0 0.2 3B)

KATRIN MARE

Electron mass spectrometer Low temperature Microcalorimeters

*’"Re—'"""0Os+e” +v,

_ =2.5 keV
*H—°He+e +v, Nz
=410
Q, =186 keV TEZ g
\
T, =12.3 T —
1/2 y ... .
P
Thermal bath
A AT:C£
T tot
AT T:Ctot

\/Crg sensitive

tcmperature sensor
0. HoBukoB- Cemunap NMNAd- 12.01.2012



OnpepeneHne maccbl HEUTPUHO

PENTATRAP = MukpokanopumeTpbl
A | [ 1631 _EC5 163Dy
Monitor trap Qe =2.5 keV

r,=46-10°y

Preparation trap a

SQUID loop

Precision trap =

112.2mm

Preparation trap ==

counts/ 0.3 eV

1 — 253 254 255 258
= =3 energy [keV]

W35 1 1z
energy [keV]

Monitor trap

0. HoBukoB- Cemunap NMNAd- 12.01.2012



Several programs working
towards long baseline Py
oscillation programs e

US, Japan, Europe

And more
future

Lnkb IH'-‘ m ideas:

. Super 8§ p beams,
w‘!”\ v factories,

C

cyclotrons,...

Courtesy ofK. SCholberg FO. Hosukoe —CemuHap lNMNA® -12.01.2012



[TaH-eBpoOnenckaa Konnabopauus
LAGUNA-LBNO

~300 members (open)

France :
CEA , Romania
CNRS-IN2P3 Spaln IFIN-HH
N ! : LSC University Bucharest
' UA Madrid
€ -1""(3 Germany CSIC/IFIC Denmark
. TU Munich Aahrus
Switzerland University Hamburg Ital
University Bern Max-Planck-Gesellschaft . . ta
University Geneva Aachen Un"f-’Ed I(I ngdom y
ETH Ziirich (coordinator)  University Tiibingen '[;"upri';ﬂ College London _
Poland Oxford Russia
: QMUL INR
Finland IF) PAN Liverpool PNPI
University Jyvaskyla IP) Sheffield
University Helsinki University Silesia Sussex Japan
University Oulu Wroklaw UT RAL KEK
Warwick USA
CERN Greece Virginia Tech

Demokritos



LAGUNA

Large Apparatus for Grand Unification and
Neutrino Astrophysics

IIpeaMer uccjIe0BAHNM U TEXHUYECKHE BO3MOKHOCTH

Supernova Proton |

Geoneutrinos Solar neutrinos decay

neutrinos \.. Atmospheric
\ . & cosmic
neutrinos

! Beta
beams

Neutrino faczories

o == o
Artificial e P /\
radioactive §g§§,’s R o f T

neutrino Reactor
sources neutrinos

Courtesy of K. Scholberg 1O. Hosukoe —Cemurap MMSI®-12.01.2012

Stopped T,
pion
sources

Vs i



Onuuu gerekropoB LAGUNA

MEMPHYS  LENA50kt  GLACIER 100kt
& 2x 330kt

(AR
(A8
w!
"

Max drift length

3ubble chamber like imaging well maiched to
CNZ2PY beam. high efficiency and strong

background suppression

Challenging technology, worldwide R&D
(EU,US Japan) with several prototypes of small

scale; extrapolation based on industry support

Extensive experience from SK, Experience from Borexino Underground experience from ICARUS T600

K2K, T2K, adequate for single @ LNGS

ring QF events: low efficiency MC studies on CN2PY beam
g Lozl event reconstruction Proposal to bring ICARUS T600 to CERN =
for CN2PY baseline & limited Background suppression to be || what will be the next milestone for underground

'EuCARD 2nd Annual Me



[JeTeKTop C XUAKUM
cumHTUnnatTopom LENA



CkenerHas cxema LENA
(Low Energy Neutrino Astronomy)

1O. Hosukoe —CemuHap NMN5A®-12.01.2012




X, OAUHAKOBOTO pocTa!

0. Hosukos —CemuHap MNAD-12.01.2012



Kosutaoopanus LENA kak yactb
koncopuuyma LAGUNA

The next-generation liquid-scintillator neutrino observatory LEINNA

Michael Wurm,»2:* Jolm F. Beacom,? Leonid B. Bezrukov,* Daniel Bids,? Johannes Bliimer,” Sandhya
Choubey,b Christian Ciemniak,! Davide D’Angelo,” Basudeb Daszupta,® Amal Dighe, Grigorij Domogatsly,*
Steve Dve,” Sergey Eliscev,!Y Timo Enquist,!! Alexey Eryvialov,'? Franz von Feilitzsch,! Giamni
Fiorentini,!? Tobias Fischer,® Marianne Goger-Neff,! Peter Grabmayr,!* Caren Hagner,? Dominikus
Hellgartner,! Johanmes Hissa,'t Shunsaku Horiuchi,? Hans-Thomas Janka,'® Clhude Jaupart,'© Josef
Jochum,* Tuomo Kalliokoski,!7 Pasi Kuusiniemi,!! Tobias Lachenmaier,!* Tonel Lazam,1® John G.
Learned,™ Timo Lewke,! Paolo Lanbardi.” Sebastian Lorenz,? Bayarto Lubsandorzhiev.*'* Livia
Ludhova,” Kai Loo,'" Jukka Maalampi,'” Fabio Mantovani,'? Michela Marafini,?” Jelena Maricic,!
Teresa Marrod4an Undagoitia,®* William F. McDonough,® Lino Miramonti,” Alessandro Mirizzi,** Quirin
Meindl,! Olga Mena,® Randolph Millenberg,! Rolf Nahuhauer,® Dmitry Nesterenko,'? Yuri N.
Novikov,'” Guido Nuijten,?” Lothar Oberaner,! Sandip Pakvasa,?® Sergio Palomares-Ruiz,™ Marco
Pallavicini,*? Silvia Pascoli,®! Thomas Patzak,? Juha Peltoniemi,*2 Walter Potzel,! Tomi Riih#,H
Georg G. Raffelt.® Gioacchino Ramucei,” Soebur Razzaque,* Kari Rummukainen,* Juho Sarkamo,!!
Valerij Sinev,? Christian Spiering,26 Achim Stahl,?8 Felicitas Thorne,! Mare Tippmam,! Alessandra
Tonazzo,2 Wladyslaw H. Trzaska,!” Joln D. Vergados,®” Christopher Wiebusch,?® and Jiirgen Winter!

97 people from 37 universities and
institutes in different 13 countries!



dusznveckue 3agaun npoekra LENA

Pacnaja nmporona

HelTpYHO BBICOKUX M CBEePBLICOKUX dHeprui (I 1B):
e ATmocdepHbIE HEUTPHHO,
e  OCUMIITALINUN BEICOKOIHEPTETUYHBIX HEUTPUHO

Cpeane- 1 Hu3ko3HepreTuyHblie HEUTPUHO!
* HeutpuHO U3 raJlaKTUYECKUX CBEPXHOBBIX,
 HeutpruHO OT aHHUTWIIALIMU TEMHOM MAaTEPHUH,

e (COJIHEUYHBIE HEUTPHHO,

e ['eo(3eMHBIEC) HEUTPHHO,

* PeakTopHBIE HEUTPUHO

HeluTpMHO CBEPXHU3KUX JHEPI UM :
* HeuTpuHHasg OCUUIIIOMETPUSA

FO. Hosukoe —CemuHap MNNA®-12.01.2012



HeunTtpuHHaa ocumnnomeTpus-npssmoe
HabnogeHne ocunnNnALMN HEUTPUHO



Tepmun ocuunnoMeTpuun ObLI BBEAEH B padOTE

J.D. Vergados, and Yu.N. Novikov. “Exploring new features of
neutrino oscillations with very low energy monoenergetic neutrinos .

Nucl. Phys. B 839 (2010) pp.1-20

Jlanmee MeToa OAPOOHO paccMaTpUBAJICS B padOTax:

. Yu.N. Novikov, T. Engvist, A.N. Erykalov, F. v.Feilitzsch, J. Hissa, K. Loo, D.A.
Nesterenko, L. Oberauer, F. Thorne, W. Trzaska, J.D. Vergados, M. Wurm.
“Neutrino oscillometry at the next generation neutrino observatory .

arxiv:1110:2983, 14 October, 2011

. J.D. Vergados, Y. Giomataris, and Yu.N. Novikov., “On the search of sterile
neutrinos by oscillometry measurements.”

arXiv:1105.3654v1, 18 May 2011.

. J.D. Vergados, Y. Giomataris, and Yu.N. Novikov, “Probing the fourth neutrino
existence by neutral current oscillometry in the spherical gaseous TPC. *

Nucl. Phys. B 854 (2012) 54.

FO. Hosukoe —CemuHap MNMNA®-12.01.2012


http://arxiv.org/find/physics/1/au:+Novikov_Y/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Enqvist_T/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Erykalov_A/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Feilitzsch_F/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Hissa_J/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Loo_K/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Nesterenko_D/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Nesterenko_D/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Oberauer_L/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Thorne_F/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Trzaska_W/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Vergados_J/0/1/0/all/0/1
http://arxiv.org/find/physics/1/au:+Wurm_M/0/1/0/all/0/1

CpaBHeHHE «OAHOTOYECYHOM OCHMJLISIIIMNY (HA
BO3HMKHOBCHHME UM MCYE3HOBEHHE) C OCHMLJIOMETPUEH B
Ipeaesiax pasMepoB IeTEKTOPA, BKIKYAKIIEH 1
BO3HUKHOBEHME, M MCUC3HOBCHUE APOMATA HEUTPUHO U HE
3aBUCALIEH OT 3P heKTa MACChI CPebI

Long baseline (E,>> 1 MeV)— L in [km]

L/L,,

’ 00 :. . : . . . . . 0;8 . 1.0

107 sin’(29,)=0.17

sin’(29,)=0.044

B

H T
Detector L, [km]

Short baseline (E, << 1 MeV)— L in [m] - OSCillometry

Detector 0. Hosukos el AP IHe®d-12.01.2012
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TpeOdoBaHus kK METOAY OCHMJIJIOMETPUH

 MoOHO3HEpPreTUYHbIN UCTOYHUK HENTPUHO MarbiX 3HEPrumn
(<1 MaB) = OT NUCTOYHUKOB C 3NEKTPOHHLIM 3axXBaTOM

* Peructpauuna paccesHua HEUTPUHO Ha 3NeKTpoHax
MULLEHN (XKNOKOro cunHTunnatopa). B atom cnyyae
ceyeHmne paccessHUA ANEKTPOHHOIro HEUTPUHO Ha
9MeKTPOHaX MULLEHMN BO MHOIO pas3 NMpeBoCXoaunT
CeyeHmne paccessHUA MIOOHHOIO N Tay-HEUTPUHO

* 3-3a HUYTOXXHO MarbIX cevyeHnn paccesHna (~104° cm?)
MULLEHb O0MKHa ObITb KaKk MOXHO OOnMbLUMX pa3MepoB
(> 50 KT) " NICTOYHMK HEUTPUHO MaAKCUMaAJSTbHO
NHTEeHCMBHbIM (> 5 MCI).

FO. Hosukoe —CemuHap MNANA®-12.01.2012



KaHauaaTrbl HA HEUTPUHHYIO OCHUJIIOMETPHIO

Nuclide | Tin Or¢ E, E. max Target V-intensity
[d] | [keV] [keV] [keV] material lke's™)
TAr 35 | 814 | 811(100%) 617 WCa, Ar 8 3x10"
0 20 | 753 | 747(90%) 360 e 2.3x10%
PSe 120 | 863 | 450(96%) 287 Se 1.1x10"
Hen 116 | 1037 | 617(98%) 436 $n gx10*
“om | M0 | 616 | 510(91%) 340 Sm 2x10*
“yp 2| 910 | 470 (83%) 304 Yb 11x10”

FO. Hosukoe —CemuHap MNMNA®-12.01.2012




OcumnnnomMeTpus ¢ «KaKTUBHbIMU»
MOHO3HepPrM4YHbIMU HEUTPUHO



YyBCTBUTEIBHOCTH K SIN%(20,5).
Texyiiee 3HAYCHUE U3 «TTI00aTBHOTO» aHanm3a: Sin%(20,5)<0.15

[Yu. Novikov et al.

| arXiv:1110.2983]
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IloTeHIMAaJ pa3jIMYHBIX YCTAHOBOK B
onpeaeaeHuu 0,4
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OcuunnomeTpus Co CTepUrnbHbLIMU
HEUTPUHO



N3yyeHune ctepunbHbIX HEUTPUHO Ha LENA
Neutrino Am;? (eV)? Sin(26;) Li(m)
states (1)
1.2 1.6x10 0.85 ~ 32E, (keV)
13 2.4x103 <0.15 ~E, (keV)
14 ~05-5 ~0.15 ~5E,(10° - 10
15 ~09-16 ? ~10°E, (2.8-1.6)
16 (?) ? ? ?

KO. Hosukos- CemuHap NMNNAP—- 12.01.2012




OcuunnomeTpus co CTepusibHbIMMU

HEUTPUHO
(Mctounuk B SMCi1 51Cr B Teuenue SS5-aHen)

Eamuu
S 42000
240000
£ 38000
E 36000
© 34000
£ 32000
2 30000
€ 28000
T 26000

E

Qo
=

[Yu. Novikov et al. arXiv:1110.2983]

] | ] ] N | I ] ] | N ] N | N N |
4 5 8 10 12
distance to source [m]
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1O. Hosukoe —CemuHap MNA®-12.01.2012



for sin2(2014) (90% C.L.)
<
I

upper limit f
<

5

YyBCcTBUTENBLHOCTL K 0,

[Yu. Novikov et al. arXiv:1110.2983]
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1O. Hosukoe —CemuHap NMNA®-12.01.2012



Ocuunnauum co CTepuUnbHbIMU
aHTUHEUTPUHO



Ucnonb3oBaHue obpaTHOro beta-pacnapa
ANA ocUunnNrIoMeTpum aHTUHEeNTPUHO

V+P+18044keV — N + €

154Eu
T, = 8.6 y =+ +_
N p e
10%\Q_ = 1844 keV 1 1
' d 2y
: I 5.10° +
77777-;777- stable - 2.2 MeV
154Gd \
500 1000 1500 Evv keV
If AmZ, = 1 eV®, sin20 =015
550 ' ' ' '
3 ~L1a g t = 500 days
A,= 1MCi (""Eu)
IREN YRR PRGN
‘E 500
o
o
g
g
o
Z 450
o
400 |

0 > 4 6 8 10
Cxema []. HecmepeHko Lm 10. Hosukos —Cemurap MS®-12.01.2012



«Pa3bueHue» umnuHgpa LENA gns
MHOIropyHKLMOHArbHbIX U3MEPEHUMN

51

Cr Scr and 'Eu

\\
\51Cr and "'Eu

Cr and 15ﬁ“Eu

3ckus []. HecmepeHko 10. HoBukos-Cemunap [TAA®D-12-01-2012



YHuKanbHble BO3MOXHOCTU OCLUUIIIOMETPUN C
ucnonb3oBaHneM aetekropa LENA

1. MHoronpo®uUNLHOCTbL AeTeKTopa:

OaHoBpeMeHHas 3KCrno3numa HEMTPUHHOIO U aHTUHENTPUHHOIO
NCTOYHUKA (Uersib- nposepka CP-HapyweHus).

. OOHOBpPEMEHHOE onpeaeneHmne napamMeTpoB cMmelumBanua 13, 14,
15 ... N T.4. aHanNM3oM oTaerbHbIX PYHKUMOHAlbHbIX YacTeN
aeTekTopa (uesib-30HouposaHue cmepuribHocmu u
«aHamomMu4ecKoe» uccriedogaHue cmepunusayuu).

. OpaHoBpeMeHHOe U3MepPEHME YIIOB CMeLLMBaHUS 04, 1
COTBETCTBYHOLUMX UM ANVH ocumnnsaumn Ly, (uesns - nposepka
KOppeKmHocmu «2s/106asbH020 aHanu3a»$

2. Vcnonb3oBaHne «BO30OHOBMAEMbIX»
MCTOYHMNKOB HENTPUHO/AHTUHEUTPUHO

. TwaTenbHbI KOHTPOSb CBOUCTB NCTOYHMKOB N reoMeTpumn
obny4yeHuns.
. B0O3MOXXHOCTb NpSAMOro namepeHns ooHa npm oTCyTCTBUN

NCTOYHMKA (B NPOMEXYTKax Mexay pabounmm akcnosnumammn)

1O. Hosukoe —CemuHap lNMNAD-12.01.2012



Ponb ocUMNIIOMETPUU B HEUTPUHHbIX
nccneaoBaHUAX

[Mpssmoe HabrogeHne siBReHNUa oCUUnNNALnn HENTPUHO.

OnpegeneHne yrna cmewmnsaHns 0., U ANUHbI
ocuMnnNaAunnM L5 B Bakyyme B O4HOM 3KCMEPUMEHTE
(LENA).

[lpoBepka cnpaBeaMMBOCTM COOTHOLLEHNS
L,5[m]=Q,[keV] n koppekTHOCTM “rmobarnbHoro
aHanusa’.

[Tonck cTepunbHbIX HEUTPUHO B CAMOM LLIMPOKOM
avanasoHe macc Am,.? ot 0.02 go 2 eV? (“aHaToMus
cTrepunusaymn’).

OaHoBpeMeHHoe HabngeHne ocuunnaunmm HEUTPUHO U
aHTUHEUTPUHO — NYTb K NpoBepke HapyLeHus CP.

10. HoBukos-Cemunap IM1USAD--12-01-2012



Onuuun MecT pacnosioXXeHus
NEeTeKTopoB



CeMb u3y4yeHHbIX nnowanok B EBpone ang
pacnonoxeHusa getektopoB LAGUNA

§2.

Pointer 52%41°20
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4.Pyhasalmi

© 2006 Europa Te( hnologie
Image © 2006 FerraMetrics
image &ZOM NASA
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[Tocne XapKnx oQUCKYCCUN OCTarNUCh:
Tpu nyyka — TpU WaxTbl — TPU AETEeKTopa

Exploit L/E CN2PY (Pyhasalmi)
1 saridence = |nitial : beam from SPS (500kW - 750kW) ‘9vh4s4lml =
LSRR NS =  (ong term: LP-SPL + HP-PS - >2MW

strong matter
effect

Compare
neutrinos and
antineutrinos

CN2FR (Fréjus)
=  HP-SPL + accumulator

(5 Gev -4 MW) il = Beam from SPS (500kW)

Possible synergy = (— et

possibility ‘ e
$2'30'S3.63" N 19'59'37.41° € elev 15, ) 3 CeMUHap MMEa®-12.01.2012

with a § beam



LlaxTa Nuxacanmu B PHNAHOUU
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CUPP : Centre for Underground Physics
in Pyhasalmi (www.cupp.fi)

Location: 63° 39" 31"N — 26° 02" 48"E
Distances (by roads)

» QOulu — 165 km
» Jyvaskyla — 180 km
» Helsinki — 450 km

Distance to CERN 2300 km

Good traffic connections
» the main highway:
Helsinki — Jyvaskyld — Oulu — ...
» the second busiest airport in Oulu
» rail yard at the mine

Inhabitants: ~6000

1O. Hosukoe —CemuHap NMNA®-12.01.2012
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waxtbl NMuxacanvu n

pacnonoxeHue getekrtopoB LENA n GLACIER

Main advantages for LAGUNA:

- existing working mine with very high standards
- existing decline tunnel access to deepest level

- very little environmental water

- efficient rock disposal

- sufficient ventilation

- supply routes for construction

- existing pipe lines for liquids

- existing underground repair shops

- mine closure foreseen around 2018; plan to
hand over from mine owner to LAGUNA {more

after January 2012)

LAGUNA infrastructuré at/site

Finland S

T= | 6C GLACIER /
Level -800m =
2500 m.w.e ]

-

LENA
DEFTH 1400 m

Level -1400m
4000 m.w.e
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A_Rubbia

Pyhasalmi is at the bimagic or magic distance
from all 3 labs delivering neutrino beams!

Fundamental physics at the intensity frontier. Nov-Dec 2011

L



I'padouk peanusauum npoekta LAGUNA

2012 2013 2014 2015 2016 2017 2018

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

I i ing?
OPERA CNGS dismantling? _
Running
T2K 750kW —— Construction
NOvA 750kW
Timeline beyond 2013 depends
LAGUNA-LBNO on outcomne of the CERN
Lol W Physics
cORYY
- N . . tk"‘l
= ™ 7 20 kton detector _ commissioning & physics
CERN Eumpean LB o
Strategy for Particle first additional 50 kton detector
Fh}'SICS - o . m
- . . . - E ..
LHC injector upgrade HL-LHC
= 7 7 ¥ CN2PY beam commissioning & physics running (750kVY)
[ SPS shutdown [ SPS shutdown

A_Rubbia

LP-SPL+P52 or HP-SPL+NF

Fundamental physics at the intensity frontier, Nov-Diec 2011




SEVENTH FRAMEWORK
PROGRAMME

Project acronym: LAGUNA-LBNO

Project full title: " Design of a pan-European Infrastructure for Large Apparatus studying
Grand Unification, Neutrino Astrophysics and Long Baseline Neutrino Oscillations

H FP7 GRANT AGREEMENT
UEI'SI}H date- E‘ﬂ" '1 -ﬂ?—1 4 ANNEX IV - FORM A - ACCESSION OF BENEFICIARIES TO THE GRANT AGREEMENT
B.P.Konstantinoy PETERSBURG NUCLEAR PHYSICS INSTITUTE RUSSIAN ACADEMY OF
SCIENCES, represented for the purpose hereof by Viadim Samsonov , Director of Petersburg Nuclear
Physics Institute (PNPI), or his authorised representative, established in Orlova Roshcha 1, Gatchina,
188300, Russian Fede: ing as its legal authorised representative, hereby consents to become a

benefictary (*beneficia ") to grant agreement N° 284518 (relating to project "Des

and Long Baseline Neun

llations") ¢

Zarich in - 101, 7UER]CH 8092
Switzerland and accepts in with the p of the gramt all the
rights and obligations of a beneficiary:

Done in 3 copies, of which one shall be kept by the coordinator and one by B.P.Konstantinov

Subtask 5.5.3 Man-made low energy neutrinos and oscillometry. Y.Novikov (PNPI) will lead the study of e e s S S s St

8 of the grant agreement

the physics reach and experimental challenges of these setups. Man-made low energy neutrinos such a5 srommremssnarucisas — sgumseyo reamas o

PHYSICS  INSTITUTE RUSSIAN ﬂ ol (( d L E)m( ‘f

reactor neutrinos and neutrinos generated by portable accelerators allow us to study the values of mass ~ csmorsames pp Agata
squared differences and mixing angles, in particular the precise measurement of the theta solar and L
determination of thetal3. Low energy mono-energetic neutrinos following electron capture by the nucleus
can be used for precise measurement of the mixing angle thetal3. This subtask will focus on the study ot
low energy man-made neutrinos (sources, detection and physics impact) in the LAGUNA detector options.

Name of legal representative(s)

P

07. 0K1. 201
Date

Stamp of the organisation Stamp of the organisation

LAGUNALENO - 284518 + Page 490f49
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Atomic
Physics

Nuclear
Physics

High Energy
Physics

Particle
Physics

Astro
Physics

Fortes Fortuna juvat !!!
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