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What we know about ?’s

— Therole of non-accelerator experiments
What we want to know

— A prioritized list

The proposed experiments

— Therole of non-accelerator experiments

Theneed for aUSunderground lab
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Figure: Courtesy H. Robertson
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How do know W7
2, 83 7
?13 <9°
absolute mass | For at least one ~
scale 0.05eV <m < 2.2 e\

mg, | ~7x105ev2 \

ms, ~2x10° eV? A\\/Z

Phases No data yet

Sterile ? Maybe Yes/ Some indication from LSND
) Maybe No
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1. Absolute massscale
2. Diracvs. Majorana

A Prioritized List
My priorities anyway.

?? ?7?,?, cosmology
?? 7?7

—323= You've heard enough already epg-basene-

4. Precision measurements, 4
Parameters are uncertain )

? 19y P03 ?2m?
5. CPviolation D.
6. Sterilesand CPT o.

violation

July 24, 2003
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Solar, Atmospheric,
Reactor, long baseline
Very long baseline

Short baseline, solar
VS. reactor, other cross
checks
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* LosAlamos Absolute M ass Scale
A List of Upcoming Techniques

Supernovas - relatively poor sensitivity
Cosmology - reach below 100 meV, but model

dependent
* Nuclear/Particle Physics
. ? decay - relatively poor sensitivity
. ? decay - relatively poor sensitivity
. ? decay - hopeto reach below 500 meV
. ?? decay - hopeto reach below 50 meV
. oscillations - sensitivity to mass differences

July 24, 2003 HEPAP meeting, Steve Elliott 7
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Supernova Tests

50

¢ Kamiokande |1 (PR D38 (1988) 448
B IMB (PR D37 (1988) 3361
A Baksan (PL B205 (1988) 209)

» Spread of neutrino

arrival times can give 407 |
indication of mass. }

w
o
1

« SN1987a: about 20 eV
limit but conclusions
varied. !

* Frequency of SN a j - 1
concern. 07 I { 1

SN dynamics makes for

Energy (MeV)
N
o
|
——
—a—
—>—
—>—

H 0 T T T T T T T T
model dependencies. 0 o 4 6 8 10 12 14

Futur e sengitivity might Time of Event (sec)

be a few eV. ] ]
But Earth effects might be exploited
for ?,5 and sgn(?m?) measur ments
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pernova ? Experiments
Detector Type Mass (kton) L ocation # events at 10kpc status
Super-K H,O Cerenkov |32 Japan 7000 Running
SNO Heavy Water |1.4H,0/1D,0 |[Canada 350, 450 Running
(salt)
LVD Scintillator 1 Italy 200 Running
KamLAND Scintillator 1 Japan 300 Running
Borexino Scintillator 0.3 Italy 100 Soon?
Baksan Scintillator 0.33 Russia 50 Running
MINIBooNE | Scintillator 0.7 USA 200 Running
AMANDA Ice M; ~0.4/PMT | South Pole N/A Running
I carus Liquid Ar 2.4 Italy 250 Soon
OMNIS Pb, Fe 4,1 USA 2000 Proposed
LANNDD Liquid Ar 70 USA 6000 Proposed
UNO H,O Cerenkov | 600 USA >100,000 Proposed
Hyper-K H,O Cerenkov | 1000 Japan >100,000 Proposed
LENA Scintillator 30 Euraope 15,000 Proposed
July 24, 2003 HEPAP meeting, Steve Elliott 9
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Measure ? ,h?

*\WM AP measured cosmological
parametersvery precisaly. This
allowed precise estimates of ? ,I?
from LSS measurements.
*WMAP resultsindicate ?m; <
about 1 eV. A very competitive
result. (oneinterpretation claims
?m; = 0.64eV!)

! «But, correlations between
parametersresult in assumption
dependent conclusions,

*Want laboratory experiments.

July 24, 2003 HEPAP mesting, Steve Elliott 10
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* Los Alamos Cosmology - Future M easur ements

« MAP/PLANCK CMB measurementswith high
precision galaxy surveys (Sloan Digital Sky
Survey): ?m, < ~300 meV

e |f weak lensing by L SSisalso considered:
?m < ~40 meV

« Even with the correlations, cosmology will play
an important rolein the interpretation of
neutrino mass.

July 24, 2003 HEPAP mesting, Steve Elliott 1
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ames The Neutrino Massfrom ? decay

The shape of the ? energy spectrum
near the endpoint depends on m,.
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? decay Experiments

1. KATRIN

Very big spectrometer using gaseous
and thin sources. A big step forward.

2. Univ. of Texas-Austin

t, source in magnetic free
environment.

3. Re?-decay experimentsdon’t yet have competitive sensitivity.

July 24, 2003 HEPAP mesting, Steve Elliott 13
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The MAC-E Filter

*Magnetic Adiabatic ?
Collimation followed E  Bna
by an Electrostat |
Filter

*High luminosity
L ow background
*Good energy resolutior

| ntegrating
high-passfilter /
FCTRODES SOLENOD  DETECTOR
KATRIN LOI

July 24, 2003 HEPAP mesting, Steve Elliott 14
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KATRIN (LOI version)

MAC-E-(TOF) spectrometer
* datactor

pre spectrometer

— el i N
s

salid T, source w farm
=i} % o L il i
22m am 4m 20m 5m
£ =X
. ' T, teiaos
I]].'L""h-r'.'lﬂ _"HI::I.I]],'{ :"‘H_"t'l'l_]] : e speciromatar

KATRIN will be sensitive to about 350 meV. Thus if
the m; follow a degenerate pattern and m;, is within the
sensitivity, the experiment may see <m,> = m,.
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- Los Alamos Dirac vs. Majorana
77(07) requires massive Majorana ?

zZ 2>

n? p?e’??

(RH zNLH 2.)

2
?2.?7n7? p?e

July 24, 2003 HEPAP mesting, Steve Elliott 16
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?? Decay Rates

2 2
?2? ? GZ?‘Mz?‘Z ?O? e GO? ‘MO?‘ <m??>

G are calculable phase space factors.
Gp, ~Q°

M| are nuclear physics matrix elements.
Hard to calculate.

m, iswheretheinteresting physicslies.

July 24, 2003 HEPAP mesting, Steve Elliott 17
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Min. <m,,> as aVvector sum

(Moo ) ? ‘\Uel\z my 2 €% [Ugo|*my 2 €' \Ue3\2m3‘

Usm,
<m,,>Isthemodulus  yzm,

of theresultant vector ﬁ / ?

in the complex plane.
? u&m,

(In thisexample,
<m,,>hasa . It
cannot be0.)

Figure from: PR D63, 073005

July 24, 2003 HEPAP mesting, Steve Elliott 18
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Effective Majorana ?? Mass
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Even null results will have implications!

Normal Hierarchy Inverted Hierarchy Degenerate
m; ~0 meV ~55 meV =M > about 100
meV
m, ~7 meV ~55 meV M
m; ~ 55 meV ~0 meV M
T
<m,,>~5 meV Q é

Solar + KamLAND + Atmospheric (U3~ 0)

(Myr ) 2 DEF My 22, 0.8667 |/ me 272mé;

July 24, 2003 HEPAP mesting, Steve Elliott 20
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Next Generation Double Beta Decay Experiments

I sotqpe Experiment Technique Isotqpe Enriched| Q,, [Expeced
Mass (t) (MeV) [Sensitivity

0?
T]I2

“Ca CANDLES CaF, aystdsinlig. scirt. ~1-3 No 427 | 1x10%
%Ge GEM Gediodesin LN 1 Yes 2.04 | 7x107
“Ge GENIUS Gediodesin LN 1 86% | 2.04 | 1x10%
“Ge MAJORANA Segmented Gecrystals 5 86% | 2.04 | 3x107
83e, Mo, NEMO3 drift chamber-scintillator .001,.007, Yes [3030, 4x10*
.001, .001 2834

Scint+Foils(or Bdometer) 34 No 3.03 | 1x107

| No d
XTe CUORICINOJ " "CyogencTe,cysds ~ " "04 "~ "No | 26 | 1x10"
1¥Te CUORE Cryogenic TeO, aystals 75 No |
®Xe EXO LiquidXe 1-10 Yes | 247 | 8x10®
EXO g g e S e o G e T o
®Xe XMASS ligudXe (sdar ?) 10 No |247]| 3x10% MOON
Nd DCBA-1(2) foilsand tracking chambers 02 Yes 3.37 | 2x107
w omrBE] TR Gy GSO Gd,S O, :Cecrystal scint.inlig.scnt. 2 No 1.73 | 2x10%

July 24, 2003 HEPAP meeting, Steve Elliott
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Precison M easurements. ?,,
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Smirnov hep-ph/0306075

Copious supply of well
characterized ?.

— Thepp fluxis
theoretically well known
(~1%)

— The spectral shapes of the
other ?sarewell known.

L ow energy

Very far away

Thisisagreat source for
the study of ?
characteristics.

22
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Cross Checksfrom Solar ?sfor LM A

e Day-Night asymmetry: Agyo ~4%, Ag ~2%
o Spectrum distortion:5-10% upturn expected
between 5and 8 MeV
e Suppression of intermediate energies (i.e. 'Be)
« Seasonal variation isvery small
» Suppression of low energies (i.e. pp)
— Next generation of pp experiments

July 24, 2003 HEPAP mesting, Steve Elliott 23
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Why do a pp measurement?

Los Alamos
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Pr ecise measur ement of
vacuum mixing angle, and
Improved value for sterile?
component

Potential new phenomena
at low energies.

Flux measurements
compared to solar models
will be strong tests of
astrophysics.
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»LosAlamos  \nhat about a future pp measur ement?

From Bahcall and Pena-Garay

9
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0.3 0.4 0.5 0.6 0.7

Assuming that the ‘Beis
measur ed to 5%

Assuming 3 years of
KamLAND running

A pp flux measurement to
better than 3% will make a

significant improvement on

? 10

A 1% pp measurement
would only make a modest
improvement on the ?,,
bound.
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| ial  Mass Threshold, keV BPOD Rates per year

5 i b

Expt. Type Tons of ES cC MG pe "B | '8 |[cho lEnnt | start
l I | L kpep | Ef. % |
orAr Fadioch. | 138 oQ [ &1a 14 72| =@e3| 28 18] 1os8
Kamioka Caranioy BHD walar -"ﬁﬂ-ﬁ| 120 1|:I:II 1885
. " SAGE Radiach. 23 " Ga 233 iaq -1} 3 22 28| 1880
- o Gallox Fadiach. 120 TGa 233 o4 45 18] 11 1591
Serpmari Carankoy 22000 wler R0 10200 100| 1886
GNO Fadiach. 12 " Ga 233 @4 45 16 11 1594
SNO Carankov 2000 walar 00D 1100 100 1pon
200 “H 6400 10000 100| 1089
200 M | agaa 5000 500 10859
Borexing  Scint lator 103 scim@ater | f:-,-'-l | | 2000 | | 2001|
KanmLAND  Scinl iBator 1000 scin@ator | 200 1)
[HERON L He rotons, 5 e 100 anzs| 1500 EREERE |
| Seinl ilalor
Gas TPG 7 Ha 180 4000 |
Scint ikator 5 il ] 301,445 570 409 32| 136
Soint +Fails 243 i o 168 408 128 14 34 20 [
Scint ilator 12.5 Ha 100 000
Hybrid 2200 gy 814 230| 1200, 5800) 420 16 |
lonizalion | G .
Bolomseter | (18] L #E2 4487 27 28| 100]
B -:"h'“ Harnish Fobeison, University of Washingion Snowenasa, July 17, 2001
|
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"> Precision Measurements of ?,,
2
and ?m-,,
o Atmospheric ? experiments have
provided ?,; and ?mZ,,.

e Future precision measurementsof these
parameters will most likely come from

long basdline studies. K2K, MINOS,
CGS, etc.

July 24, 2003 HEPAP mesting, Steve Elliott 27
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Sterile Neutrinos?

g By comparing solar experiments
0.8 < with reactor experiments, one can
& constrain the sterile flux of neutrinos
£ 08 § from the Sun.
g :
0.4 g sin?? isfraction of sterile admixture.
g A 1% measurement of the pp flux
6 |- L g would improve the bound on this
2 dal 3 parameter.
% o5 ;w 5 37
SNO ?, 2 ?, Disappearance
?. & ?,, Appearance
KamLAND 7.2 ?, Disappearance

July 24, 2003 HEPAP mesting, Steve Elliott 28
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Sterile Neutrinos and the upturn.

*The LMA solution predicts a5-10% upturn at 5-8 MeV.
SNO and SK don't see this (could be statistics).

*And... the Cl experiment sees a modest suppression

(~2?) from the LMA expectation.

*Both results could be explained by aweak mixing

between ?, and ?

A further suppression between 0.8 and 5 MeV would also
arise due to this mixing. Future experiments sensitive to
‘Be ? could test this.

hep-ph/0306075

July 24, 2003 HEPAP mesting, Steve Elliott 29
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Tests of CPT

?e??

hep-ph/0306226
clams this scheme
doesn't fit the data.

atmospheric . LSND

atmospheric

KamL AND

hep-ph/0212116

solar

Solar expts., KamLAND, MINIBooNE, short baseline expts,
MINOS(asatm. ? detector), SuperK atmos,

K2K LBL all play rolesin therequired 3? +3 anti-? analyss.

July 24, 2003 HEPAP mesting, Steve Elliott 30
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> Los Alamos Underground Resear ch has
Produced Numer ous Dramatic Results.
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. Los Alamos What future underground science

lies ahead?
e Atmospheric ?s Many of the experiments
e Dark Matter proposed for these fields have

« Double? Decay SIONg Ynergles
e Nucleon Decay In many cases, a detector
e Solar Neutrinos designed to observe ? from an
. SUDErnovVa?s accelerator source also
P ' performs a* non-accel erator”
° Very Long Basdine? style measurement.
Oscillation Expts.

July 24, 2003 HEPAP mesting, Steve Elliott 32
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North America?

» The scienceiscompelling.

o Thereisalack of deep sites for next generation expts.

Background requirements have typically increased by a factor of
100-1000 since Gran Sasso and Kamioka wer e built 20 year s ago.

— dark matter: ~4500 mwe
— double beta decay: 2400 - 6000 mwe
— solar neutrinos: ~6000 mwe

o Thereisalack of spacein existing laboratories

o Thelack of a USlaboratory has inhibited the devel opment
of underground science within the US

* NUSEL will encourage synergies that will advance
science.

July 24, 2003 HEPAP mesting, Steve Elliott 33
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CS

Volume (m3)

() Europe
() Canada
O Asia

TheWorld' sUnderground L abs
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ot | @ SNO-Lab
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> Los Alamos I— Existing North
| S5 - American UG

L abs

Soudan
(2100 mwe)

Sudbury
(6010 mwe)

WIPP
(1700 mwe)

-:"n'.'.';-. x : o
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. Los Alamos W1 PP
DOE Facility EW aa;&ng;@l— el
Impressive ey
. 5, Department ofiEneray facility
Infr aStr UCture Designed for permanent disposal
M OdeSt dept h of transuranic radioactive waste
( 1600 mw e) 2150 feet dee'[;‘q— :

Science as
add-on to

primary mission
L ow background
counting lab
being developed
L ANL-PNNL

July 24, 2003 HEPAP mesting, Steve Elliott 36
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Experimental Operations

4

EXHALST
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SHAFT ==rdia I:\:gllil:‘g!bﬂﬁ
Space in Hew R '_
Experiment
Gallery i E z ‘_' - #
] O S | NP ) il I -
e B B F e 50w |
o = T X § .
g A ST E SHAFT o & 'ﬂ'i
/ M OM NI Sita supernova - e
i N gt Experiment
{;, i3 L =3
=
sF NT skEAT Majorana??
EXO ?? Project ‘ R&D Lab
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Soudan

COMS Il (Soudan 2) Lab

Mine Shaft

MINOS Lab

38



o e s Sydioury Neutrino Observatory

* INCO (commercial) Ni mine New Hall (2005)
* Restricted shaft size
* Deep (6010 mwe)

+ Planned expansion can sowmemmem e ke
incorporate 2 modest-sized VZ #EaEtEEm
experiments

i P

Existing SNO Cavity [ Fioure 1. This shows the underoround lavout for tha

39
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Conclusions

 Much of what we know about neutrinos comes
from non-accelerator physics. In particular,
under ground experiments have been crucial.

e Our next goalsfor learning about neutrino
characteristicswill also see alargerolefor non-
accelerator experiments. And again UG science
will play alargerole.

« A National UG Laboratory would not only
provideinfrastructure for such experiments,
but also afocal point to definea program in
UG science.

July 24, 2003 HEPAP mesting, Steve Elliott 40



