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Detection of V, and V;

From SuperNova Neutrinos

In REAL TIME
‘-D Ei'm
Two Possibilities: U CLi
a) Wwt+e D Vv+e
- Rate Low because
EV,E Small

- Background from
V.e —»V.e

b) VWW+N > VWV +N
N=D,C, O, Na(Cl, Pb, Fe...
N ->n+X SNO
SNBO/OMNIS
N - v+ X ~Super K
LVD

O SIGNAL DEPENDS ON V,,V;

ENERGY SPECTRUM
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REQUIREMENTS OF A SUPERNOVA
OBSERVATORY

1. Life of Observatory 2 Rate (yr) for SNII on Milky

. Way Galaxy e ("DM; w
Key™ TN

Vot Hoo *"n")
2. EVENT RATE:

~5-10K V.+P—3e*' +n

~Few K v_+N—V +n¢
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lgw -
V =V +V
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TO: A) FIT MODEL OF SNII PROCESS

B) EXTRACT A NEUTRINO MASS OR 3¢34-%
NEUTRINO OSCILLATION

C) LEARN ABOUT SNII EXPLOSION *
PROCESS Av's R Precesy
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ICARUS Imaging R/O

Collection wires Induction wires

/ Screening & T,
grid ‘

T W |
I-ﬁ-;r"-l

) L% B,
M N L e
J'ﬂ'-#ﬂ:-{ﬁq_aun_':.q_- -.'.i.-.-q




aoue)sip yia

N Uo1}09||09

WD Peprety = 2WINJOA 3|qISIA ) §

and
apt v
p (L
uolnpuj
R IRETR
AINT =

sps_..mL...am.n sjuane ABioud Mo




Longtudiral plane
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Inouction

: Transverse plane
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DETECTION OF V/ V RELIC
NEUTRINO FLUX FROM
TIME INTEGRATED SNII

) S

1) Relic V/ V From all SNII back to Z ~ 5

1
SE>-gz 53

2) Detection would give integrated SNII Rate
From Universe

- Window of Detection DBC 1984
[CARUS Proposal

3) Neautrino Oscillations in SNII €ould give
Vx — V. With higher energy than Ve

4) Super K - Detect V. ICARUS. Attempt to

detect \Vy [Detection
Ve
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VALIDATION PROGRAM
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BF3 Detector with 1 cm of Th:muiﬁng- Plastic
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Evaluation of the WIPP site for the supernova neutnno
burst observatory

1] Balbes®. RN Bond’ ™ . 1D, Kalen®. C.A. Muchell®. M Hencheek®. E R Sugarbaker”
J D \andegnif. DA, Sanders’ 5 D. Licberwirth®
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YIELDS OF SUPERNOVA NEUTRINO DETECTORS

| [ Docctor | Tacgst | Fiducial | Tamger | Yield(w,) | Yield(2,) | Yield(v, +
Material | Mass (Toa) | Element $8,+5)

Superk H,O 32000 p.e, 0 180 8300 50
LVD CH, 2o | peC| 14 540 )

MACRO CH, 1000 p.eC 8 350 25 H
SNO H20 60 | peO| 16 520 ;
SNO D:0 w0 | deo| 1% 180 300

Teawsd |[Aegs | Hose [TAr [mgese

OMNIS Fe Xl s0007| Fe 200 20 1200° l

OMNIS Pb w0 | Pb

oo G8c. 1= 40~ se0=

H*".-..r—“"-'-'"f" < 4420 49 < G0 J
|
« 3 ssumes same efficiency as in Smith 1997, ~ 7R G

== 3 cowmes a single nestron detection efficiency of 06
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Comparison of world detectors

Event numbers for supernova at 8 kpc
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Mixing possibilities from supernova
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GOALS OF NEUTRINO FACTORIES
ut STORAGE RINGS

1) To observe neutrino osciallation reactions that
are difficult to observe by Normal LBL

i.e. Ve Vp o *.."*

2) To reach larger <L / &> than Normal LBL
@) Ley[BNL - GRAN SASSO ;;g_s_gcf [
™ ' CERN — SOUDAN ot ? .
<L>=T7000 km <E>~20GeV Sopr
Y5V
(3 Ve, dohet- J0E .' ]
. ﬁ_‘-—f—‘ {I"E} -SSD-E
e ) CERN — GRAN SASSO

“Eﬂﬂ Fii GEs@N — SOUDAN

<L> =700 km <EF> ~ 2 GeV (V. beam)
{._E} -350

3) To help unravel a complex neutrino spectrum
_ Sterile neutrino and normal neutrino

oscillations

4) CP Violation Search using v and v multi flavor

Beams of controlled intensity
cn“i""‘ owd dﬁ"‘“l" f [

\/SA Lo
pp e =V K raeien -
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Prospects for Detecting Supernova Neutrino Flavor Oscillations
ﬁ

George M. Fuller! and Wick C. Haxton,? and Gail C. McLaughlin®
! Depariment of Physics, Unsversaly of Califormia, Sam Diego, Ls Joila, CA, #2093-0319
3 Institute for Nucleor Theory, Bor 351550, ond Department of Physics, Bor 351560,
Umiversty of Washington, Seattle, WA 88:85, ['54
(September 13, 1998)

Abstract

The neutrinms from & Tvpe 11 supernova provide perhaps our best opporto-
nity to probe cosmologically interesting mwon and for tasos newtrino masses.
This is becarse matter ephanced nevtrino oscillations can lead to 23 anoma-
loesly hot &, spectrum, and thus o enhanced charged current cross sections
in terrestrizl detectors. Two recently propased szpermova peatrino observa-
torses, OMNIS aad LAND, will detect nevtrons spalled from target nuclei by
neutral and charged current neutrino interactions. As this signal = not favor
specific, it i5 2ot immediately clear whether & coavinciag neutrino cscillation
sicnal can be extracted from soch experiments. To address this isue we ex-
amine the responses of a series of possible light and heavy mass targess, “Be,
Hpa B0, and ™Ph. We fnd that stralegies for detecting oscllations which
usr ouly seutson count males are problematis at best, even 3 cross seclions
are determined by ancllary sxpermments. Plassible uncertainties ia supersosa
peutlrizo specira tead to cbecure rate rnkascements due Lo ascillations. How-
‘ ever, in the case of ™ Pb, a signal emerges that is largely flavor specific and
traordinarily sensitive 1o the », temperature, the emission of two nevtrons.
This sagzal aad its favor specificity are associated with the streagth and loca- z “‘
toa of the first-forbiddea respoases for neutral and charge current reactions, d
aspects of the ®Pb neutriso cross section that have sot been discessed ;u-- SIS'
viously. Hadrowic spin transfer experiments might be hefpful m coafrming
mdmmmumm-mﬂmmm ;‘h

14.60.Pq, 26.50.+x, 25.30.Pt *q y‘,

Qebl dioe &ikeden 9
RO XY S —

*Current Address: TRIUMF, 4004 Wesbrook Mall. Vascouver. B.C. Canada VETZA3. Electromic
address; gailGalphll.triuef.ca

astro-ph/9809164 13 Sep 1998
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Figure 9.  The estimated number of events per tonne of target material, for each neutrino
Havour, with and without full mixing (e.g. MSW) between v,, or v, and v, ( [from numerical data
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EXTRACTION OF ¥_MASS OR

OSCILLATION SIGNAL

1. ASSUME ALL DETECTORS GIVE:

~ 2000 V, = (v, +Vu v siy)  SKOYSKBO ...
Ve
2. Fn{r:}lm AND ENERGY SPECTRUM TO
EXTRACT SHMODEL — Lcdvest ¢ Yo Mas Lat
v vd p
3. FIT TIME SPECTRUM of .10 GIVE o .

4. USE v, DATA TO SEARCH FOR A V, v, NEUTRINO
MASSBY TOF ( ZHORP Time STRocwwr 2P)
5. SEARCH FOR MSW OSCILLATION v, v,

a) 2 Neutron Signal in SNBO/OMNIS
b) V, Spectrum in SN{:I[ JeAReS

E::'.J- b Deasote ’ﬂ‘h o v IS eV

v
X Bl el
S— S ¥ b
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Proposed OMNIS/SIREN prototype [ <\ o34
(Manchester, RAL, Sheffield, Imperial College, QMW) 4& 2
iy . Vi
® Optimised geometry for lead+scintillator module — -
to detect 100 events from 8 kpc supemova.

¢ (Contains 250 tons lead, 3.tnns scintillator

e Mixing from mu/tau to e neutrinos produces
additional 140 two-neutron events

¢ Plastic/Gd layers provide 5% Gd for SIREN target
and study of backgrounds

event numbers for supernova at 8 kpe

lead | scimtillator no Maxing full mixing
mats area lm in Im
i 290t 16m” 100 2 0 | 140




Manchesier ICSTM. RAL Sheffieid and QMW
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Choons-Sire Proposal Moaschezer JCSTM. RAL Sheffield and JrWw 19

&7 Electronics and data acquisition

In the proposed configuration, the scintillaor light would be channelled along the sheets by
intal reflection, reaching funne! kight guides and photomultiphiers coupled to the ends of te
mululayer assembly. Photomulupliers may be placed at both ends for greater sensativity and
uniformity of response. Calibration is achseved with an LED or laser diode pulser system. The
data acquisibon sysiem would be required 10 operate simultaneously in a high resolution and
bow resalution mode to record simultanecesly both the sub 100 keV energy region 1o explore the
solar signal backgrounds and the |-4 MeV region for the nestron signals. The data acquisition
is based on a first stage 32 wbe detector, upgradable as further modules are added

The ererall design phileaophy of the Duis Arguisisies Steiem

ﬁhln:tiqm:ufhpmmddnlqnmmmﬂmnﬁpn 16 and the actual
layout design is presested in Figare 17.

Figure 16. Block diagram of the DAQ sysrem.

Signals from pboto-multiplier tabes (PMTs) are transferred (o the readout crate via drivers built
oo the bases. Four PMTs are serviced by a single width VME module, so that § modules
are requared in total. Data are digitised wsing FADCs for which 100 MHz should cerindy be
encugh The data are stored in a simple pipeline buffer while rigger logic inspects (he data
independently on a chansel by channel hasis.

Triggered pulses and associated data are stored in buffers on each DAQ card. These buffers
are deep encagh w0 ensure data will not be lost provided the average event rate does not exceed
100 Hz for a perod of more than 100 seconds, wiich should be enough 10 cope with the nearest

passible supenova.
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Observation Experiments
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m below surface 3

-About 250 m of ssssntially purs NaC! both above and beiow
Mciity horizon - surrounded by > 10 km of NaCl on ol sides _ k‘&f ]f.

spectrum (0.3 - 0.5 micro Rihr primarily from K-40)

mﬂ:-‘m Disposal and Experimental Arsas separated by over ‘ F'ﬁ-\j” ATV
Extensive facility infrastructure already in-piace:

- material tansport and
- vertilation
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MINOS Plastic

Technology for WIPP
Site? R Dededre Scloy

. P
. ARaa Jof i R i
—-"""'______ !I =1 -
| - e
T mm Y
_ L‘-‘" SM ¥ - lllm:mil ll;ll I;Il ;
OMNIS Solidf Detector A FEppe Ao WIPT
*Load Gd{Li§, or B loaded  [Safery:, -“. uﬂ[ Cr_-s,.h |
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