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OUTLINE
« The Core Collapse V Slsnaf
’ Supernava. \) Detection with

Current & Future Detectors

- What Can We Learm from a
Galackiec SN V¥ SISHQI?

-» 3 Physics
—» Core Collapse Physics

- Eqr"lv HIErt
3 SN ENS the T nter- Exptnmen‘t Ne’f‘WOrk

* Current Status & Future
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SUMMARY OF THE SUPERNODVA
NEUTRINO SIGNAL

2
M
AEB o G re w3 % iOi“ ergs
R..n,sfar

iﬁ /. kinetic energy , em radiation

49 v. V’s of all flavors

{))ﬁ ¥r'nm (br-E’.akuu‘t) w 1.
\)5 from C,Gohnﬁ Q9 /.

NEUTRINO ENERGLES
< Evt-? i | & ME.\J
deeper V-sphere
CER 1 ™~ |5 Mgy .

< E‘;;ﬂ‘? ~ |8 MeV

hotter »’ S

TIMESCALE At ~ 10’ s of seconds

~ 50%. in first second

PROMPT after core collapse

Possible sharp V cutoff 1f Bh forms
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SUPERNOVA NEUTRINO DETECTORS

* Need H"‘-‘i kton 'Far ~100 interachons

* Must have b3 rate << rate in ¥V burst

Alse want : = ‘hmlnj

= l!.lﬂe.raf resolution
o pmnfrnj
= +lavor sensitivity (NC)

DETECTOR TYPES :

~ scintillator CaHan
- water Cherenkov H,O
- heavy water D, O
=~ long 51'r|n3 H, 0

- “lmsh z"” PBJFE..
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SCINTILLATION DETECTORS

Liquid scintillator "CaHai" volume
Viewed hY PMTs

' PMT

e

Ve “-'"ii..-""?

scintillator

INVERSE BETA DECAY
Eet = Eg — 1.3 MeV
ce Ve +p =) n”

iﬁst’n*P_’ d .+ [7] 22 MeV
NC EXCITATION OF *C
NE Y e e = P e e (5.1 MeV

Ly '*c « ~ 5%

ELASTIC SCATTERING

NC,ce Yyt e oW, ~ few -
(Almos+) NO POINTING (but: see Choo
hgp—u;q'!oaon)

Examples: Mont Blanc, Baksan, Palo Verde , Chooz,

D , Borexino, KamLAND

MACRO . LVD
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WATER CHERENKOV DETECTORS

Volume of clear water viewed by PMTs

CC ])_e_ . P =D + ro sthll dominates
Alse: cc (Ve + 0 = "F + , Ne Y+ "0+ "0
Ve + '®0 = g

ve + 0 o N 4

waler
PMT* h
ol
S Lodel o =

Ve

NC A Cc 13?‘ + e = ")1: + -Fe.ud Perccnt

POINTIN G AQ ~ 25°

f}l direction o 2 25°

V.':_ R from Ch. tone m

Kamiokande | IMB, Super-Kamiokande, part of SNO

by — e ——— —

3 Soo00 events
@ .5 kpe




HEAVY WATER DETECTORS SNO
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D,0O viewed by PMTs + neutron detection

V&'i'db""’ p+P+
CC{ @i

Ve + & = [+ n)+lel
Nc{s},+¢-+@+p+ﬂn§

Dx+¢—>ﬂ+P + Vg

pimit

VERY GOOD NC SENSITIVITY
= SEHSI+1UJ+Y o V¥ mass, osc

SNO: | kton D,0 | few hundred each of
Ve p, NC,CC breakup
.4 kton Hao for cwllapse @ 2.5 kpe
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LONG STRING WATER CHERENKOV
DETECTORS

~ km |Dr13 S+'rmss O'F PMTs n
very clear jce or water

Nommallj muH‘i-qEV energy Hireshold

\_{3 burst G‘F
Cherenkov
Phn-i-an:
from Ve -induce
Pns:fﬂ)ns

{ Hal2én €7 &l

5= 5

BUT : maoy see burst of low energy Ve ' s (00707 0
as COINCIDENT INCREASE in PMT singles rates !
Meﬂ' ND-'-I'/PMT (Mo pointing , energy resolution)

AMANDA)}  Antares , Baikal , Nestor

L’ low noise promising (NID Kpc Sensﬂwrf'j)




e e

OTHER SN V DETECTORS

* HIGH 2 /NEUTRON DETECTORS

,araﬁ qunnh‘l‘j DF hlah Z material + neutron
counters
NC Ve + (A, 2) > (A~1, 2) +~{’:~ T Py
ce {9{_ * (A, 2) =2 (A-1,241) *f:-* e
Ve (R,2) = (A-1,2-1) +ff?§+ e’

e.q. OMN1S = LAND
(Fe/Pb) CPb)

+ LIQUID ARGON
ce ve— ¥ ‘*Dﬁr — Yo K-ﬂ +g;zl

£.q . Lcance

* AADIOCHEMICAL

Homestake Ve ML - (57@ + e
Gallium ve + "'Ga > g;:”c?:‘) ‘4 o

NoT REAL TIME , but may rtam'i:er Counts

= Fer-Fnrm prompt extractions

o grawfa‘rnonui radiation from asymmetric

explosions (v~ unknown Slgnal)



schol- -

SUMMARY OF SN NEUTRINO
DETECTOR TYPES

Detector type Material | Energy | Time | Point | Flavor
scintillator C,H y y n Ve
water Cerenkov H20 y y y 7
heavy water D20 NC: n y n all
CC: y y y Ve Ve
long string H,O n y n Ve
water Cerenkov
liquid argon Ar y y y Ve
high Z/neutron Fe n y n all
Pb
radio-chemical 37¢l1 n n n Ve
1277
1 Ga

* primary SEHS'I“'IUI‘I"B +o }3;,

* NC for heavy water

neutron

- pownting for water Ch,, heavy water, argon

« all real-time except radiochemical

I'Gng si’rmﬂ

* all have eEnergy resolution E.xc.:p‘t Eneufﬂ:w

radiocchemital

10
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SUMMARY OF SPEC\FIC
SN NEUTRINO DETECTORS

L ~50".
Detector Type Mass Location No. :::f Status
(kton) events
@8.5 kpc
Super-K water 32 Japan 5000 running
Ceren.
w H-O, 1.4 Canada 300 running
D20 1 450
MAC scint. 0.6 Italy 150 running
LVD scint. 0.7(L) Italy 170 running
KamLAND scint. 1 Japan 300 2001
Borexino scint. 0.3 Italy 100 2000
Baksan scint. 0.33 Russia 50 running
AMANDA long Meff ~ Antarctic running
string | 0.4/pmt
OMNIS high Z 10(Fe) USA ~1000 proposed
Pb/Fe | +4(Pb)
LAND high Z Canada proposed
Pb
Icanoe liquid 9 Italy 2005
argon
by G&Iﬂthc SEHﬁI‘hVI'*"j
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WHAT CAN WE LEARN FROM
A GALACTIC SN Y SIGNAL?

* NEUTRINO PHYSICS
-V absolute mass from +.0.f. delay

- V oscillations :From SPE.C'I‘VQ

* CORE COLLAPSE PHYSICS

- &% pluﬁlun mechanism

flavor , energy,
+ime structure
of burst

= proto n star cooling

- black hole formahon

* ASTRONOMY FROM EARLY ALERT

~ hours of warnlnj be-Fnre visible SN

+ Some pointing wlp's

= progewmtor & environment info

7
— unbnown t‘.arly effeects '
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NEUTRINO PHYSICS with
SN NEUTRINOS

Y ABSOLUTE v time of {light delay

MASS Look for: % - energy - dependent Hime spread
‘inavnr"dcpeVadcn't delay

V OSCILLATION distortion of énergy Spectra
(in core) (hot e, ve)

Look for : NC vs. CC detected rates
e.g.{ Fuller ef al., astro-ph/es091e

: Dighe &Smimo?, hep -ph/
Alse : Y {l-Fe.hme. 9 ) o 8
V charge
No of vV flavors

V magnehc moment

CAVEAT : Always at least some

Core-collapse rodel -depe,nd ence



MEASURING ABSOLUTE ) MASS —
WITH A SN BURST

Time of 'Fllgh‘t r:t(ﬁ\ = 0.515 (%’-)1 D)
nﬁlzm:w, 'E_':HEU, D: 10 kpc ]
Spread in arrival +ime & correlation with energy
=% non-zéro ¥ mass
BuT: due +to finite emission ot
=2 only get upper limit on m,

SNIAg8TA mj, % 20 eV w| reasonable
assumptions

Next SN in Galaxy: will get mp £ 3eV

eq. T. Totant
NoT BETTER THAN LAB' ashro-ph/q801|

(=)
PROMISING APPROACH FOR Vu ¢
Use detectors with NC S&nsrf‘wd‘\f

=2 |ook -For relative de|a~j

(=) (=)
O'F ))Iu.lt wrt lJe_,
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STRATEGY : ‘f‘ns NC&CC events
and méasure relative deinT

e.9. BeacomdVogel hep-ph[a%0c31l

Delay of SNO NC wrt SK Y,
0;10 l ] N ] = L] . ] X ¥ b ¥ L ¥ L I . i v ¥ ¥ T &

0.08

o

5 3

2

s
3

Relative frequency

o o

P R

no cbserved |/

delw{ i : i
0‘ -17£.14|.|||.|1|.

=02-0.1 0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

<t>s—{t>§E[s} Relative delay

4

L=

(=)
Get Y30 -50eV |imits (Vp,zj with SK+SNO

: “
Better thoan lop | 5 e < 0, 17 Moy
My, < 18 MeV
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NEUJ + Beacom, Boyd & Mezzacappa  hep-ph [000k0IS
Core Cnl[opse. r‘tsulhnﬂ in black hole ‘Forma'l'lon
($rachon : so.l) 3 Sharp cutoff of v, lummusrf’j
t =0 for tof delay measure

Use V Eﬂﬂrg'? H"I.)(‘Q EQ SK l)e, P

2000 rrrvr T T Ty Ty e

=)
1800 i 7
1600 :;_a_t_l_l___‘ ;
1400 ‘- \ m, =18eV
A 4o "‘1 1
- Biad | )
% ::: : ".‘ lock at delay E
G PRl st v [
E;:rasgnev) 200 | \ \\. i
e i B e s
-0.01 0 0.01 0.02 0.03 0.04
t=ty; [s]

2 hmit on ;’-e mass : ~[.8 eV

USIhj NC n OMNIS- like detectfor:

(=) :
~ 6 e\ for 9‘# ¢ mass limit
L —5 f
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av  EARLY ALERT 4or astronomers

~ hours u'F warmnj (dePEnds on stellar enuelnpe)

Early light actually not helpful for

SN Exfslosmn +'he:::rry fﬂj:s Qr&)

BUT : * envirenment near progénitor
. prog
Prohed by imihal stngc's in‘Fﬂ abaut
rogénitor
. u\f/nﬁ X-ray flash @ shock P*Fr%m
breakout predicted Spectroscopy

o g8 Po:ss:blﬁ Unknown Eari)r e-FFec:ﬁsf
Early light observahons very rare for extragalachc
> JSuperNova Eariy Warning Svstem

Compuf'er(s) receive  ‘blind’ alert

ml.':SSa.-aes -Frovw Y de*eaf-ors'j

automated alert f coincidence
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SNEWS [IMPLEMENTATION

Al arm datagrams Sent b\f
individual Cxperimeénts to serve.r-(s)

Now running @ Super-K site

(SERVER'
on central (CLIENT
?ﬁﬂ% machine MACRO
second Alarm datagram:
Alarm dﬂ@k ';gmm (expm’m:nl )

by UT time stamp UT time

SNO

CLIENT

LVD
v i nPhCul

alert to astronomical —» | Safelhites

: HST
community omateurs

MHCROJ LVD, SuPEr—-K :  automated alarms

Next: SNo, Amanda
New server @ LNGS

Automatred alerts +o astronomers
within the year
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POINTING with V’s

Beacom & Vogel astro-ph/aziaso

ASYMMETRIC REACTIONS  in a single detector
may be the best bet

l),, +t e =Y+ e few 7. of Sk events
240 ~25°

30 ~ _?-_‘-'",_ﬂ } corréction 'Fnci'nr nf ~ -
VN due to centroiding on isotropic ba

SK ~» 5°  SNoO ~20° for sN @ Galache cénter

b

TRIANGULATION using relative +timing ok

SIgnals
L exp’ts : circle on Sky
3 exp’ts . L blobs
4 exp’ts . peint to spnt SN
c‘usﬂ = EEI
d
S(cosa«) =L 6(aT)
B e
rtgnsfrnhm
error

Statishcs for
current detectors poor...

SK-SNO §(cos«)%x0.5@ 10 kpe
for realishec pulse shapés
(+ practical problems for prompt answer)

SHill worth a ‘l'r'y
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SUMMARY

« Several V detectors with Galache
sensitivity online now

Su per- 14

SNO

MACRO
LVD
AMANDA
Boreéxino
KamLAND
OMNIS

* Core C.n”apse. wh ] yte.ld a bonanza

of nformaton!

> ) ph\,sncs:- absolute mass limts

;e' ~Sev E beter 'For-

=)
£ 8 H
Yz % 30eV Cnt[upse.?

» oscillation info
etftc .
~» Core collapse models

> SNEWS - earhj alert 'Frum Coincidence

Hopmg for SN2Xxxx soon!




