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* Event Summary (848.3 d (52.26 kt-y))

| Sub-GeV (Fully Contamed)

E,, < 1.33 GeV, P, > 100 MeV, P, > 200 MeV

Data MC(Honda flux)
Tring  e-like 1826 1754.6  «87% % CC
u-like 1852 2617.6 e B% Yacl
Multi ring 1456 1870.8:
Total 5134 62425
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E {wle Jmc
MuHli-GeV
Fulty Contained (E , > 1.33 GeV)
Data MC{Honda flux)
1ring  e-ike 439 4143 P06 Well
 y-tike 351 487.0 9% Yl
Mutti ring 867 10795
Totat 1657  1980.8 o
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Excess Events N
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| MiniBooNE detector

Pure mineral oil

total volume: 800 tons (20 foot radms)
fiducial volume: 445 tons (5 m radius)

1280PMTsmdﬂMqr¢ta.ﬁmmd;w
wlﬁ%phmhmemagc

240 PMTs in veto

Phototube support structure’ provides an’ Wﬁe - barrier - between

veto and main volumes

veto volume white:
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Analysis: e, yi, 7 discrimination
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PID based on ring id, track extent, ratio of promapt/late light.
Signatures substartially different from LSND due to
o x 1€ higher energy
o very little scintillation light in QE evenit (purc i)
Cherenkov to, scimillation light ratio 4:1
& neution capture is uot part of the signature
if LSND corréct: ~ 500 events or more (1 year),
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+ Dovwngoing Cosmic Ray Muon
« Cwrent rate of CR muons -~ 2 Hz
"+ Magnetic field not yet on (cwvatwe measurable up to ~7¢ GeV)
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A
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Exploit correlation between
variables

Two functions buile:

+ Lg ([Evisible, P,m=, o ]) (signal}
+ Lg ([Evisible, P, p 1}
(v, CC background)

Discrimination given by

(e
)

I =L([Evisible. ™ p= L /L
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Off axis beam

Far Det.
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N, (/200MeV/22 Skityr)
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0 12 3T,
E, (GeV)

10

e High intensity (2200 int./22kt /year)

More then wide band at the peak cnerey
* Small backgrounds from high energy tail
® 0.2% v, contamination (peak)

e Beam systematics under control
Liavec oscillation slenal
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Proton Decay
Ncutinos from Supernovae
Atmospheric Neutrinos
Neutrino long-haseline

Future
Safety Tunnel

Present Laboratory

......

Future Laboratory
with Water Cherenkov
Detectors

Decay tunnel CERN

Near
Detector

1’5“‘51”

FREJUS

A possible layout of a Low Energy Neutrino Super Beam

and (or) neutrino beta-beam
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Heidelberg-Moscow
Klapd ot -leingiothiaus MY et al, B, Pliys, .5 12 {20017 147

Max-Planck-nstitut flir Kernphysik

P .
Russian Science Center Kurchatov Institute 2 I o 0.06ckeVikgy MM s oo,iu
= J0v2B 019 ckeVikgy U
'ul'll‘;. L -
" since 1990 3 Gl
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Gran Sasso underground laboratory &
- i . (U]

- Five Ge diodes {overallmass 10.2 Rgl
isotopically enriched ( 86%) in ™Ge

o o . N . ,

- Lead bex and nitrogen flushing of the detectors o1
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T2 > 1.9x10% (90 % C.L.)
<m,> < 0.35(0.3-1.24; eV
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Accurate hackground meodel:
I Ty#v> (155« 0.01cstat) 019 . (syst)) x 1071
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Low T Detector concepts

Te dominales in masa the compours

Excellzmt rmechanical —_— Energy absorber

and themmal properties Calorimetric approach

TeQ, crystal o ‘ ;
Good energy resolution
C22nJKz1MeV/0.1mK P it o material cholce
“ }A 1;'v
=10 mK \\ "W”’ e S Thermometer
NTD Ge-thermistor
' R 100 MQ
Thermal coupling dR/dT 2 100 kQ/uK

Gx4nW/K=4pW/mK

¢ Temperature signal: AT = E/C .. 0.1 mK for E= | MeV

¢ Bias: ! = 0.1 nA = Joule power =1 pW =Temperature rise = 0.25 mK
¢+ Voltage signal: »V =1 dR/dT T = =1 Qv for B =1 Key

¢ Signal recovery time: t = /i3 - 0.5 5 T

. . . In real ite Signal about
. I3 — a i
¢ Noise over signal bandwidth (a few Hz): \/, = 0.2 jiv 1ACT0r 2 - 3 Smatier

h Energy resolution (FYWHM: = 1 keV
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0205006 Neutrinoless Experiment with MOlibdenum 1l
or Neutrino Ettore Majorana Observatory

Large Collaboration: 13 groups from Europe, USA and Japan

Passive source - Spectroscopic approach

T
!

b

r T B N

T~ 10% y
<mp> ~ 0.1 eV

Yetector structure: 20 sectors
Touree:

up to 10 kg of 8¢ isotopes 5 _}_f*'
(metal film or powder glued 1 mylar strips) LRk
cylindrical surface: 20 m? x 40-60 mg/cm?

- Tracking velume:

open actagonal drift cells (6180)

operated in Geiger mode

(7,=0.5 mm.o,=1 cm)

- Calotimeter: (e
1940 plastic scintillators coupled to low activity PMs:
FWHM(1 MeV) ~ 11-14.5 %

flagnetic Field (30 G) + Iron Shield (20 ¢m) + Neutron Shield (30 cm H,0)

P O O A A PR K

My ~ 36 tons
Low activity materiai






Future projects

Experiment  Author Isotope Detector description TRyl <mp’

H By

g:.,";':ml o et al. 1HMTe 760 kg of Ted), bolomwters T % 10 0.027
EXO Daeach et ai 2000 156% @ 11 enniched Xe TEL g % 10% 0.052
g Zdesenhe £ 76 Preadichied we dioddes my Baord nittgen - ypar
GER 2B =€ wata slield T oY 0.018
Khigpslor- .
GENIUS Klesgr Mbaus et at TeGe 11 entiched Ge dindas i liquid nin ogen ix168 0.015
’ 2001 )
MAJORANA  Aalseth of ol 2607 BGe a5 tenrichal Ge seqgmentad diodes 4 x10¢" 0,028
DCBA Isithara st 2000 P Nd 20 kg enriched Nd lyers with i acking 2x10%5 0.03%
CAMED Fodlit »1 .4k 700 1 PTG GO AR crvstals i Berid scintillator > 10 0,069
- . et Ty sewvetal loles ol CaF. crystolm bgenil . ox
CANDLES Fislmnalo ot af ‘a semtiilati 1 s 1%
p FUARLSIO Ce cristal scustillator i Bauid
. - 1o H H A VR )
GSO Canevich 2001 G ccintillates 2x'0 0.065
34t et al Mo sheets Letween plastic 1 ey
3 | J 10 . o7
MOOH B #t al 2000 Mo sinttillator 1 ¥ O 0.036
xe ‘Z‘";;;;’"“""'" rat % e 156 ol pnniched Xa in ligaied scadillatoy 5% 10+ Q066
XMASS ?:2‘(;'1“""""’ sl 5%e 100 of lvgist Xe IxX10% 0086

B\%%eh, ub MLJ)
TFFE W Toma Mczwmol Xalt
7y w v combonk | TG b e
m\nkm c&/\o&&wvxse .

Posit WE SIGNAL IF TNVERTED HIERARCHY



GENIUS
Kiapdot-Hleings stliaus HV hap-ph9103074
Very large mass extension of the active source Ge-diodes approach

Cean- Rua.

GOAL:
ne cetinibity s 120 e

o tect all postible m, scenatios altowed
By oucillation expetingnis

+ Reduce Background
- Enlarge mass

SOLUTION:

large reambet (400 of naked 1.é. {36%
dinede s dotalmans -t tarn, —— 10 10NS
suspended in a very large container of

liquid nitrogen (clean shield)

Gran Sasso or USA underground laboratory

THL D shia it



MAJORANA

Aalseth CL el al. hep-ex 0201021

PNNL GOAL: <m >~ 0.02-0.07 eV

South Carolina Universi .

TUNL ity Main concern: .. Perkin-Eliner design
TEP »cost and time forie, "Ge Contacts PTGX
Dubna + cosmogenic background scm:::fewgnm
NMSU - material selection {6-EXTERNAL = 24NTERNAL)

e e

Washington University e
TR >(04-2)x 10Fy
Cotivesttional supet4ow bhy cryostat /‘ 'in 10 years measurement !

Nﬂu}sﬁﬂs)\‘.‘\ P

[

I :
N ﬁ'im:“ e

€ WL AR LR
2RI CHRRY R
WA PROARE B RHE

S Deep ke rgrauwmd hoetion
WIPP Hotme ttake

+~$20M enriched 85% "*Ge

- 210 2kg erystals, 12 segments

- Advanced signal processing

+ ~$20M Instruimentation

- Special materials {low bkyl

« 10 year operation

ot

Lead or capper shield



The CUORE set-up

Crvogenie Underground Ubservatory for Rare Events

LBL - U. Como =~ . Firenze ~ Legnaro {LNL;

LNGS - U, Milano -UsC-~uy, Za_ra_goz:_t T damoing sugrerion
CUORE = closely packed array of 1000 detectors
2% towers - 10 modules/tower - 4 detector/module
- Ly Y
L Cubic structure, ideal for active shielding
no more ineft Cu plales ... -
« facing crystais ; £
g T Dheme gt
LA S
N ooy Ripe
ATy
| e snieding

Each tower is a CUORICINO-like detector ~ Special dilution refrigerator



The CUORICINO set-up

CUQRICINO = tower of 13 modules, 4 detector (760 ¢) each
M=40ky

p o ' Coldest pgjnt ;
/" New configuration: 2 planes will consist of N
340 g detectors arranged in a & 3 matrix

"

Cold finger

Plane section
Tower ——
)

NI L

e /2.7 ,;/;

i Same cryostat
| This detector will be completely  and similar
g ‘ surroundsd by active materials.  sucturé
o Substantial improvement as Mi DB
in BKG reduction

%. Lead shield |, 3

. I 20 HB
i S :
e ‘

i Y '
7 /’} " 5 _ F
.. % % //,f’,:: '\ 4
v ¥ % v c R
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Datlov W, et al. Pliys. Lett. B420 (2000} 12

Large Xenon TPC
with single Ba’-ion detection via laser tagging

Caltech
IBM Almaden o N : 2P.a B.R.=30%
INFN Padova -Ae . YBat +2e ' AN
ITEP Mosca . 650 nm
UC Irvine | - Double Laser Pulse N,
Stanford University 493 nm o 4D,
U. of Alabama ; 7

» Optical Spectrosco a7
U. of Neuchatel P P Py * Asingle ion can emit
U. of Torino : j 107 photonsisec
U, of Trieste 812
WIPP Carlshad Strong background reduction Ba level structure

M s P 2400 T

Xenon Properties: Requirements for high 028 sensitivity:
* active source approach - Large mass (1-10¢t)
* contonuous purification - High Density Isotopically Enriched (904%) Xe TPC
* 1o activation - Good Energy Resolution (2%)

* versatihity
- depieted X&' bkg check
* 2asy 150lopical ernchment

- Low Background Environment
+ Ba** Neutralization
- Long Ba lifetime in detector chamber

TO>83x 1028y (90% C.L.)- <m > < (0.05-0.14; &V In 5 y
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