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SN Neutrinos
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FIGURE B. Relic neutrinos from past supernova. Note: v, ~ v, in the supemova can boost the energy of the v, il we
find < v, > = <f% > This will be a signal for neutrine oscillation in supemovac! and measure sin” 0z, [1]

Table 3. Detection of v/¥, relic neutrino flux from time integrated SNIL

l. Relic v/, from all SNII back to Z ~ 5: <E >~ 141 + Z)<E >

2 Detection would give integrated SNII rate from Universe

-Window of detetion [D. Cline, ICARUS proposal, 1984)
3. Neutring oscillations in SNIT would give v, < v, with higher energy than ¥,
4. Detect ¥, with SK or ICARUS. Attempt to detect v /v, detection,

5. THE OMNIS DETECTOR CONCEPT AND OTHER SUPER NOVA NEUTRINO DETECTORS

Recently there has been real progress in supernova simulations giving an explosion, These caleulations give
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Christian Cardall (OANL)

Neutrino Transport in Supemovae: Determining the Important Ingredients -
Bronson Messer {Univ. of Tennasses)

Extracting Neutrino Properties and Explosion Mechanism Diagnostics from Realistic

SN Neutrino Signals — Stephen W. Bruean (Florida Atlantic Univ.)
Collective Neutrino Interactions with the Plasma Sphere in Type il Supemovae -
Hans-Thomas Elze (Instituto de Fisica, Univ. Federal do fio de Janeiro

Lunch (Palisades Room)
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G. Fuller {UC San Diego)

Specira Formation —G. Rallak fdunich MP1)

Rocks, Stars, and Neutrinos— Yong-Zhong Cian (Univ. of Minnesota)
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Gail McLaughlin (Stony Brook)
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Chair: A. Burrows

Supemava Neutrinos — A Probe of Matter at

Extreme Oensity - Sanjay Reddy (Univ. of Washington)
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Doublet-Singlet Neutrino Transformation in Core-Collapse

Supemavae - Milesh Patel {UC San Diego)
Neutrinos and Heavy-Element Synthesis ~ Bradley S. Meyer (Clemson Univ.)
Value of the Cosmological Constant: Theory Versus

Experiment — Moshe Carmeli and Tanya Kuzmenko (Ben Gurion Univ.)
Montinear and Collective Effects in Meutrine Transportin Supemovae |l plasmas -

Luis ©. Silva (ISTIUCLA}

Reception and Conference Dinner {Promenade Room)

Special Discussion of a possible So. Cal. Underground Laboratory —H. Sobel {i.IGI}
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Friday February 16: Coffee (Venice Room) © 7:.00-8:00am
Session 1ll: Neutrino Signal ; Chair: Georg Raffelt (Venice Room) 8:00-10:00 \_
- Earth Matter Effects on Supemava Neutrinos - Cecilia Lunardini (Trieste} B:00 u e
Is the 1987A Kam. Data Consistent with the LMA Solar Neulrino
Solution? - Dawid B. Cline (UCLA) 8:20
Supemova Neutrino Physics — J. Beacom (FNAL) 8:40
Neutrino Oscillation and Supernova Signal - R. Schirato {UC San Diego/LAML) 9:00
Sterile Neutrino Dark Matter — Kev Abazajian (UC San Diego) 9:20
Using Extra Dimensions to Fit Solar Data and Implications for Supernovae - &d’
David Caldwell {SLAC) 5:40

Break 10:00-10:20

Sestion IVa: Experiments, Detectors, Underground Facilities; Chair: N. Smith (Venice) 10:20-12:00
Physics Opportunities at ORLaND Relevant to Supemaova Detectors - \

F. Avignone (Univ. of South Carolina/ORNL} 10:20
MiniBoolNE - A Definitive Test of the LSND Oscillation Results — W. Louis {LANL) 10:40
o Work on OMMIS in the UK — Peter Smith {RAL) 11:00
° (cms U.S. Program — R. Boyd {OSU) 11:20 w
OMNIS A & D - Kevin Lee (UCLA 11:40
e Sope
. Lunch (Peninsula Room) . 12:00- 1:00 1, f’ F
Session I¥b;: Experiments, Detectors, Underground Facilities; Chair: Tim Sumaer (Venice)  1:00-4:35 ‘
.| @ Solar Neutrinos wilh ICARUS Detector - InesGil Botella (ETH/CERN) 1:00
! @ Super K- M. Vagins (UC Inane) 1:20
Tp Supemova Detection with KamLAND - Petr Vogel (Caltech) 1:40 3
0 Supemova Trigger and Analysis with SNO — Réda Tafirout (Laurentian Univ.) 2:00 ‘D‘
"1 @ The LVD Exparimant in Raly — . Fulgione TINFIN) AN i
. MOON (Molybdenum Observatory of Neutrnos) for Supemova Newlring
Detection — Hiroyasu Ejin (RCNP, Osala Uriv ) 2:40
Break 3:00-3:20
Chair: K. Arisaka

" Neutrino Detaction Using Lead Perchlorale — 5. R. Elliott et al {Univ. of Washington) 320
Design of a Modular Mullipurpose Neutring Detectar for the Homestake

Laboratory — Allred Mann (Univ. of Pennsylvania) 240
Facilities and Experiments at the UK Boulby Mine — M. Smith {RAL) 4:00 W\ a
Comments on the Carlsbad Underground Site — David B. Cline {UCLA) 4:20 | S
Session V; Worldwide SH Watch; Chair: A.K. Mann (Yenice) 4:35-5:35 w\ v
SN Watch — M. Vagins {UC Irvine) 4:35
SNEWS Status — Kate Scholberg (MIT) 455

LIGO - B, Barish (Caltech) 515 /
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Sk Cwd

TABLE L. Calculatcci numbers of events expected in SK with 2

m!h two reactions listed, the number of events is the mmi“:fﬁr;-'ﬁpm.
" The second row is a subset of the first row that is an imeducibl

5 MeV threshold and a supemova at 10 kpc. The other parameters
{e.g.. neutrino spectrum temperatures) are given in the text. In rows

le

s :badl,&-grpund to the reactions in the third and fourth rows.

Reaction No. of events

| ;z"‘f'P“"*f++” detected pm'ﬁde ¢+ 8300

| ppoe*tn (E.<10MeV) ¢t 30
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" The SNO Detector
A 2039 mto surface i‘ T& ";.‘“\- T.‘u.

10'" m to Sun

' Vectran
_ support
ropes
|
- Uryton liner
12 m diameter
acrylic vessel
Norite rock

Support

structure for W%
9500 PMTs, ‘&
concentrators

5300 tonnes 1000 tonnes 1700 tonnes
light water heavy water light water

» Location: 6800 ft. level of INCQO’s Creighton mine near
Sudbury, ON, Canada (~70 muons / day)

+ SNO Detector: 9438, .. 4 + 91 twarg Hamamatsu 8” PMTs
+ concentrators = 64% coverage

Ve +d = ptete S
v

V:x-l-d S VY + N 4P




Supernova Neutrino Cross Sections
Highlighting the dominant supernova inreré_cﬂans
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Supernova veecuon L

ALY
AN
Simulation Ingredients: (. Y "\ elo )

¢
1. SNO energy threshold set to ~2 MeV (J e
5 Use detected particle counts from 100 supernova bursts
(in the case of the NCDs, expect € = 45% oy + 12% ©,01 )

Number of Particles From 10 kpc Supernova:

Neutrino Reaction Type SNO Counmts SNO Counts |
[e = 100%] [monte carlo]

Vo + Puo > N+ € CC =356 ? o» 331

Fe+p020——>,n+e+ CC 0.2 *)’Q

V,+Py—n+e’ CC 5

vo+d o p+p+e CC 83 Ve 72

Vo+d—n+n+ et CC 53 x3? 82 0,01 138 say 90 mcor

v, + 190 5 °F + @~ CC Ve

V, + 160 —» 1N + e* CC 3

Vo+d Ve +p+R NC 36 12,00 30say 20 ncor

WM ¥ dov,+p+n NC 36 12 po 32 ay 21 ooy

&VIJ-” +d— “v#" +p+n NC 7192 60 po; 164 say 110 neor

Vil 180 — (n, v, n +y) NC 7

Vo+€ DV +€ ES 26 20

Vo+€ D Ve+e ES 9 8

Wy ve = “vp" + e ES 12 9

TOTAL SNO SN COUNTS: 917 606 (0,0) 804 teuty 681 ch)

mmss,'m:. '
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Supernova neutrino signals at Kamland

1) Electron antineutrinos v, detected by
Ve + D — et +n

2) All neutrinos detected by the charged and neutral -
current reactions on 2C, leading to the 7,I" = 1,17
triad. In particular the neutral current excitation of
the 15.1 MeV state in 2C, dominated by the v, flux.
(Possible only with liquid scintillator)

3) All neutrinos detected through the elastic scat-
tering on protons,
v+p—v+p and v+p—U+Dp;
with detection of the spectrum of recoil protons. (Pos-
sible only due to the very low threshold).

Y

Event rates

1) 7.4+ p — e" +n: 330 events, (300 ev. > 10 MeV)

2) 112C: ~ 10 events (CC), ~ 60 events (NC).
However, with oscillations ~ 20 - 40 CC events.
m‘}gow
3) v +p— v+p: 300 events above 150 keV

'B.Qemﬂ Agibo. Qaet. Privser _!_éajﬁlfbﬁ\
Totd Coss o~ |10 Lue Cloade J0°
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Large Volume Detector

To detect neutrino burst
galactic Superr

University of Bologna and INFN.Bologna, Haly
Brown University, Providence, USA

University of Canpinas Cenpinas, Brazil
INFN-LNF, Frascefi, Itely

INFN_LNGS, Assergi, laky

Universiiy of Heuston, Howdon, 1784

Indiana University, Bloowsingion, USA
Massachusetts Institsute of Technology, Canbridge,
Institute for Nuclear Researc h, Russian Acadenw of
Sciences, Moscow, Russia

Okayaris Universiy, Okayarna, Japan

Okayarra University of Science, Okayanm, Japan
Hirosaki University, Hirosaki, Japar

Ashikaga Institite of Technology, Ashikags, Japan
Institute of Cosmo-Geophysics, CNR, Torino, University
of Torino and INFN-Torino, Ialy

Spokesperson: A. Zichichi



The detector

Three towers of liquid scintillator

counters interleaved with limited
streaman #iihanr /I €T

Scintillator n
Lcounter
Total active mass 1 kton

840 scint. Counters, 2520 photomultipliers.

E threshold: 4 MeV (core) - 7 MeV (outer
counters)

15% energy resolution @ 10 MeV

L-shaped module for LST (high acceptence
for nearly horizontal tracks)

Bi-dimensional read-out made by 4 cm strip:
Anculer resolution < 4 nved

wer




— 4
v.+p—> n+te

7+ p —> d+y

Ey =22MeV; =185 us

during a 1 ms period after a high energy threshold trigger, alow
energy threshold is enabled allowing n-capture tagging

the average counting rate per counter for E> 1 MeV 1s 140 Hz

Counters Internal [S70 ton] External [430 ton]

High E threshold 4 MeV 7T MeV

Low E threshold 0.6 MeV 1.2 MeV

n-detection efficiency 60% 40%

Low th. bk counting rate 60 Hz _ 250 Hz

v, ( p,n) e* s/nratio >15 a >2.5 Slﬂ‘l"“‘" L;

G:Cgu“ Rete @ km

Lo Ot S
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High duty c?é le > 99%since 1999

Search for SN burst




The ICARUS Project

CERN China
IHEP
Italy

Aquila, LNGS, Milano, Padova, Pavia, Pisa, Torino

Switzerland
ETH/Zurieh

Poland USA

Katowice, Krakow, Warszawa, UCLA
Wroclaw
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ICARUS T600 module
.cﬂnétrucu ‘——b Wﬂ"““

Number of independent containers = 2 M miﬂ
Single container Internal Damensions Length = 19.6 m , Width = 3.9 m , Height=4.2 m
Total (cold) Internal Volume = 534 m*

Sensitive LAr mass = 476 ton Signal feedthroughs

Number of wires chambers = 4
Readout planes / chamber = 3 at 0- ,
Maximum drift= 1.5 m

Operating field = 500 V/ cm
Maximum drift time + 1 ms

Wires pitch = 3 mm

Total number of channels = 58368

HV feedthroughs
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2 independent aluminum containers

each one transportable inside the GS
Laboratory
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LN2 cooling circuit
Inés Gil Botella - ETH Ziirich Marina del Rey, February 16th, 2001
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Figure 4.2: Side view of the ICARUS T600 (left) plus two T1200 detectors.
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Solar'hneu'rrmos detection in ICARUS

** Two reactions can be measured independently:

Elastic scattering on
e‘l'mc elchron

* Signature: primary electron track eventually surrounded by low
energy secondary tracks (40K" de-excitation).

** Electron track threshold = 5 MeV (needed to reduce background
contribution and to establish the e- direction in elastic scatterin g).

** Sensitive to 8B component of the solar spectrum.

Inés Gil Botella - ETH Ziirich Marina del Rey, February 16th, 2001 17
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Estimated Rates for Galactic SNII Neutrino Events in ICARUS 2.4kT
David B. Cline

UCLA

() ve+40Ar YR A
111 LV~
e e
NoMixing 180 32
FullMixing (v,>v) 450 56

Sensitive to 6, and 6, ‘

= |CARUS is the only détector in construction that is
sensitive to clean inelastic interaction.ot Vg

Homeastake mtg, Lead, S0
| October 2001
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== (Molybdenum Observatory Of Neutrinos)
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Nuclear Responses of Mo for supernova v

av, €) cm” J. Engel Preliminary

Ve <TMeV V,V, < TMeV
0+ 3.9(-42) 8.6 (-41)
0- -- 5.3 (-42)
1+ 4.7 (-41) 4.1 (-40) 1.3 (-40)
1- g 8.7 (-41) 1.0 (-42)
2 - 94 (-41) 5.3(-42
9 1.8(-42) 12(-40) 1.5 (-41)
3+ - 2.1(-41)  3.7(-42)

T 53(41) 3.1(-4l)  7.5(-40 1.5 (-40)

V, T=2.75 03, V, T=6.4, 0=3.
Neutron threshold 7 MeV.
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Detection of V, and V.“‘
From SuperNova Neutrinos
In REAL TIME

DA Crine
Two Possibilities: UCLa
a) W+e D vw+e
- Rate Low because

°v,e Small

- Background from
V. -2 V.e

b)) VW+N -5 W+N
N =D, C, O, NaCl, Pb, Fe...
N -on+X <
SNBO/OMNIS
N —>7y+ X<Super K
5 LVD /TcARus
SIGNAL DEPENDS ON Vy,, V,
ENERGY SPECTRUM



- OMNIS —
Neutrino Signal Detection

Charge Current Interaction
= M + X(AZ) —> X(AZLE]) +e

L X(A-1,Z+1) +n
7 2m
Neutral Current Interaction
v +X(A,Z) > X'(AZ) +v, .

By T
R X(A-1,Z) +n

PP See
/Bew«% M*‘:‘_J;‘&HJ

o
Pmestebe
Cﬂﬂb‘ﬂd'*-sl o 3le> L
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Observatory for
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COMPARISON WITH NEW DETECTORS
WITH v, SENSITIVITY

OMNIS Per 500 Ton Module *
NO MIXING FULL MIXING (0,2,:8;3)

1 neutron 330 events 750 events
Event
2 neutron 8 events 150 events
Events PN
(Vx = Vo) m Brordd
* Fully optimized Neutron Detector T
g Tw
| dr A,
LANNDD 70KT Liquid Argon Detector e

NO MIXING FULL MIXING (0,3, 9:3)

Vv, 2V,
(ve =& V)
elastic 730 1300
Ve € 4100 10,350
inelastic

MMM Conference
CERN - Jan. 16, 2002
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obtained in a horizontal plane and appears in the imaging as an arc in each of the planes (x, t) and
{v.1).

The detector is foreseen as located underground at a depth of 655m (2150 ft) in a housing
equipped with an emergency liquid argon pool and with argon vapor exhaust ducts. Forced fresh
air inlet, liquid/vapor nitrogen infout ducts, assembling hall with crane and elevator complete the
basic organization of the underground cave.

Top fron and cap
Bottomn lron end cap
Iron yoka barrel
Solenaid coil
Cryostat

Cathodes

Wire chambers

~ o oh oh W ko

Figure 16  Cutaway view of lh:i LANNDD dcu:cmr]
[
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CUNL SITE
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LANNDD at the CUNL site!

InFigure 15 we show the schemata of neutrino factory beams to the CUNL site for detection
by LANNDD — we consider this a universal neutrino factory detector.

Scientific goals — Much of the scientific studies that are being done with LANNDD follow the
success of the ICARUS detector program. The main exception is for the use of the dctﬁcmr at a
neutrino factory where it will be essential to measure the energy and charge of the u* products of
the neutrino interaction, We will soon propose an R&D program to study the effects of the magnetic
field possibilities for LANNDD,

a)  Search for proton decay to 10% years

The detection of p — K* +¥,, would seem to be the key channel for any SUSY-LUT model.

This channel is very clear in liquid argen due to the mc.nurement of the range and detection of the
decay products. We expect very small background events at 10™ nucleon years for this mode (refer
to ICARUS studies).
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Supemova Neutrine Requirements of UNO

ORI

Vagins,

hitp:/fint.phys.washington.edu/~mt_talk/NUSL/200 L/People/Vagins MMt'03.himl

et

Supernova Neutrino Requirements of UNO

[03]

As I hope you will recall from the last few meet-
ings, in the event of a:supernova 10 kpc dis-
tant, for the proposed UNQ baseline design
(10%/40% /1L0%) we would expect:

— About 130,000 fjnverse beta decay events
! i emr—r, L .II L} i 3

(these events would ‘aliow UNO to resolve the
absolute arrival time: of ‘the burst. to within
L4 milliscconds)

— About 4,500 elastic scattering events
(these events would allow UNO to resolve the
absolute direction to the burst to within 10.47)

~+ About 4,500 190 events;
| Resolvihg power down to 1.0 eV for the
mass of the w¢ in the case of black hole forma-
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Gonstant

Number of relic <65 <70 <75
Neutrinos (90% CL)

Flux limit (em? &) < 39 < 180 <21
(full spectrum)
Flux prediction (cm? ) < 54 @44 & 52
(full spectrum)

e S P e ol L

Flux l!ﬁ'ﬂ (cm 2 $"3:3 o £ ’iﬁ‘ | | <186 < 1.7
(18 < E, < 86 MeV)

ModeH-ndependent upper Bmit from the directly observed results
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TABLE 6: YIELDS OF SUPERNOVA NEUTRINO DETECTORS

Detectior | Target Fiducisl | Target | Yield Yield Vidd
Material Mass Flement
(v) ) (v, v, B, ©)
(Ton)
SuperK | H,O 32000 pe,O | 180 £300 %700
LVD CH, 1200 pe, C 14 549 30
SNO HO 1600 p.e, O 16 520 6
SNO DO 1000 d,e, O 99 | 189 | 3ggemnc
ICARUS | Argon 600T > ®. | ; " |
4800T | ~9680 full
mining
OMNIS | Fe 8000 Fe 20+ | 204 | 1200*
OMNIS | P5 @ 5 _i
o osc. e fgom | g
o, Woet | e | e
—| 0sC. WMW% if'\-—-""
LA’{N i0, 35% | |

* Assumes sanwe efficicncy as in Smith 1997 "l.' m05H1 Z"ﬁ. w

. Assumes a single neutron detection efficiency of 0.6
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