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E X ecuhive Sumwuahé .

No Supernova neuwtrves
detected YeC-ean.g ,



SUPETHOVOL : COYE-— COMQAPSE-

ZOMGStﬁr I»EM@ Cove I-SMQ NS

'.'f
~ 10 km ~ 10 b ~ 10 kwm

type-IL SN : corve collapse of an M>8Mg stay

“ 2
AEg = EMo _ 6Mg t.?:)(losgerﬁs;\
Rns

Reore
= 2% (05‘3 MeV

observabions :
kKinetic energy ol Qxylusiun - lOHE' AEB
electromagretic radiation = \o‘q- &Es



SUPernova,: Ene.rtw Release

’% P‘l“ﬂto neutron star

newtyinos phé-re

“too.l.in%" blg newtring emission
P+ e — n+ Ve
+ - . — -

etc.

diffusion ontid ) = l/ps' from surface , then escape
£ Eve) ~ || MeV aN Ve

< Ep Y =16MeV W
LBy =25 MeV

L, =Lyl =L, AN |

durotion = lo s

c+|



Supernova Models -

Bad news : Supertwvae axpﬂod,a [ na:l:ure;
but” ot in compiitars.

Good vews :  Lots e progress.

1d models with Full Boltzmam
-trausFurT awd Newtnian or $ull
R %mw’f‘g_ don't eacP!.oo(_e

[ Joanka et af.; Mezzacoppa e:l"af..]

Next : 1d — 2d — 34

Lots ¢4 work on emissivities
and mpacfﬁes.
( Janka ; Raffelt; Hovowitz : n‘thferst

This (s a Vevy, l'mPor-l'an't‘ Probx(-zm



Detectors :

Super— Kamio Kand 2
SNO

watey

AMANDA

LVD

Kawm LAND
oid Min BooNE.

Bovrexino

Baksan

32 kton H,0

| kton D,0
L4 kton H,0

Lots o4 ica

| Kten
| kton
0.6 Kfon
0.3 kton
0.2 ktopn

Bigqest ‘gzl’ﬂiah —ﬁeP"‘)é'-YL, ~ 300 events /kion

Some Other proposed trrgets .
Pb (omNIS) Ar (ICARVS), Mo (MOON)
CL ( Homestmke Hybrid), ~ | Mion 1,0
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TABLE I. Calculated numbers of events expected in SK with a
5 MeV threshold and a supernova at 10 kpc. The other parameters
(e.g., neutrino spectrum temperatures) are given in the text. In rows
with two reactions listed, the number of events is the total for both.
The second row is a subset of the first row that is an irreducible
background to the reactions in the third and fourth rows.

Reaction No. of events

v,+p—et+n detected particle : e+ 8300

V,+p—et +n (E,+<10 MeV) ot 530

v+ Q= y byt X ’ 355

E“+160-—b5#+y+x

v+ 10— v, +y+X , 35

v, +'%0— v, +y+X

pe‘i'eq—bpe-f-e- E 200

Py - e

?e‘}'f_—}pt-{-e_

p#+f_—hv#+e_ " 60

;#+e_—r;#+€_ €

; pr+€i—>yr+g_ . 60
e

vV,te —v te”
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TABLE I. Calculated numbers of events expected in SNO
for a supernova at 10 kpc. The other parameters (e.g., neu-
trino spectrum temperatures) are given in the text. In rows
with two reactions listed, the number of events is the total
for both. The notation v indicates the sum of ve, v,, and
vr, though they do not contribute equally to a given reaction,
and X indicates either n+'°0O or p+'°N.

Events in 1 kton D20

e

;ijﬁ:iiii detected particle(s) : n e
Ve+d—e€e +p+0p - 4 160
e+d—et +n+n i

v+ 0 —=v+y+X 20
7420w Boh g X %, ¥

v+ °0—=v+n+"0 15
748054040 .

v+e —rvte 10
v+e —v+e €

Events in 1.4 kton H20O

R e e 365
v+ —v+y+X 30
7+°0—=p+v+ X ¥

v+e —v+e o 15

v4+e —v+e

v INC

Lowminaled b'g, Lj“,V.C

C'C :. VE;BE. Cm’%

. CC, NC sepanation easy



MiniBooNE Detector

Signal Region

Veto Region
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CC Measwurements :

At lo kpe:

SK'. 23000 T)g""P'ﬁej-‘l' n g “Ci.ﬂ_ﬁlf‘l.-u
- Neachou.s

SNO: =~ 8 Vet+d—>e +p+p

S?ectmﬂ %Mfg
Ep = E'E + A + OU/MP>

—> |dNe {rtE,,)cr(E,,)]

dE,
Sh.a.Pe,:
8T 8LB>, §<E> ., |
i § CB2p E? N

B N ﬁ ~J a/o S K
Ty |
%_;r_"g._ ~ o Shb

73

.




noymalization

N~ B Lo

—il [N ~ BT, | g O~E

e/_,/ spect‘mm Shape-

no wlzey 9'1- events

These are the wiest \gasic obsenvalales
('M_ndj_i LompariSonS, EB; = pvocRss 051.'.!1[9_1'?‘0!\3)'

Next S‘l‘-tp v Hwme c‘-ﬁ‘_F—EVLD(_EMLQ__
%—_—T—L‘D - LL{-,)) wodude T Lt) e 4ects



NC Measurements -

V/L,V.E,@,F : Ng CC reactions

domindle the NC siam«{s
WL“Q one. these So l‘m?orfawt?

. 2%:. n.} bt‘hdm.g Lu% 's Naolialad
. these Hanvors

noet obsenved (w SN 19874

equipartition unlested
tewmpenature contvoversial
C}uwmuﬁ wnattected by oscllations

: GM
needed Afor covputing Ep ~ 3




BUT - Ev not measured in NC h.ﬁad‘?'DHS(J

at lo kpe

SK: =20 VY+e—a2y+e
recell sPecfl‘V‘um

very hand b sw events

SNO: =500 v+o—>VvV+pt+n
detedt n mpfurc.

SK: =~ %o v_{_lso__}"-"o-|-n+a"
SN +p+ ¥

E},-v: S —10 MeV
KamLAND : ~60 v+ % — v+ 2c+7?

Ey = IS.1 MeV/

Kolbe

Vo%g,Q



S

- C,kar%;wl—-wrren‘t, ¢.9., %F_}en

ey

N~ jaEp $(E,) o (E,)

+

AN

MEasure
o TN . VAN

Ep Ee"‘

Since Eg = E, —1.8 MeV

o neutrad —current ¢a., v —3 vpn

$(€,)TE,) /mew% N,

E

14

EF vnknown




How can we break the ol.eﬁ,e,uma& ?
O[Jh‘oln A: ex FXM“" different &Fea'h’h.f_ lesponses

Option B : see below



0.045

0.04

0.035
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0.025

0.02

0.015
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s ?ec,tru m
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F{E,)

1

90

100

110

120



J.F, Beacom, heF-Pk/990923|
0.045 T T T T T T T T

T I

12
0.04 Ve ¢ r;f[E,)a'(Ev)

| 0.035
0.03
0.025
0.02
0.015
0.01

0.005

0 10 20 30 40 50 60 70 80 90 100 110 120

E, [Mev']



3,000 m3 Isopars
Buffer Tank

1,280 17 inch-PM
(~ 22% photosensi
coverage)

—
630 PMTs

(V-3 plan)

Detector

1,200 m? Scintillator



V+p—>V +pin Kam LAND :

Wh.* this seems Crazy ....but... Wlﬂ.} i+ isn't

O _E%N MeV 17 scintillaton detector

2. Light quenching 2. quenching =Y for protons,
(2|4 for alphas) threshetd &~ 0.2 MoV

3. NC vechr coupling 37 NC ayial covpling ok,
~ | —Y4sinGy, =0 favors Rarge T,

4. NC cross section 4’ Y4 fLowors tontribulz,

::-‘L—l_— CC Vetp Cross Secton E, is highn
5. Ve, Ve NC wntribuwms 57 v, %, .V, dominole

b. Confusdn with b’ easy +o W
Vet+tp — ¢ +n n practice
Ve —Vvie

vl s a4y
ete



do/dT [10™* cm’ / MeV]

14

LI | I I L | | I LI L I ¥ L] ] I LR L 'I' | | L) I I L |

—>
- E,=20,30,40,50, 0 Me\V -

T 5 [MeV]




COMPGLNSOVL to vA — yA:

(FY'-G.Q,O‘«MML \9?'4; Drukiyer 2{. ST’Od&{sku;} 195"1-)

EV{;S'O M/ —— )\v}*’ 4 fm

coherent Stu{'t&"fn% fTDM w hele t?_C nucleus

tot o NE? tot™
~ °F
Oﬁvlzc o IC . tiims U;P
out”
MovX [ max
] = — . |
- Tv"‘c, 12 vp

) .Qig,ht output from rewtd 2~
'S ‘/lmﬂ«&? abuznolﬂ.uf,



COMPQHSOVL Tt ve — ve

Easy to detect an event
Simple fwo —body KKinematics.

but
——
@) Can't measwre E, for ¢ach event:

(1) Hard to wWizasure Spechvm well,

N oy tot me -bt
llif ~J S G—
Py O-Ve." EV vp
2
» mAA ZEv
(V) [wf ~ E, vs TVP v __MF

(V) ?_(_9'__, WM% forvors 1T=0
a1



[s1un Areniqre] 1,/ (2)o(3)3

100

80

70

20 30 40 50

10

[MeV]
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do/dT_ [10™" em’/MeV]

E L] L] LI I L] L] L I L] L] L] I L] L L] I L] L L] ! L] ¥ ! I L L] ¥




500

[1/MeV]
S

P

dN/dT
b
S

100 f

T . [MeV]

L o T AL R il A R
Ll :‘1:::1:;;&;-*5_1_.1 2oa b o 4 o | [ Ter——
0 I 2 3 4 5 6 7



[MeV]
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1.5

Ao/l " "p/Np



500

Number above EIthr
(&S]
S 8

=

| | I | | I L | r 1 I | B B = | I | I | | I ] I [ N B | 'I | L] L |

llll]llllllllllllllllll

bl ._I._..I.._L_I_I.I..I.llllllllllllllj_

0.5 1.0 1.5 2.0 2.5
E,, [MeV]
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Flonor Cit = Bt =0.2MeV

Y bo 5
YV, g0 20
Vit Ve + Vot I 490 250
ALL. 630 275
bottowt Lime
« Large NC sample

. tvh% Jean
« protn rewil spectrom neffpets
e an,owukj newhbiwo spectrvm

S S Pr‘obwla«‘xa the best way © measure

it
| Bk and T,




TWO SQ m"i}L Cl’lﬁ!«k& «

E v+P—-—>v+P

E, 245 MV — T, =4 MeV

or

n+ p=—> NP
Tax § MV — _I—F ~ 4 MeV
All QSPects o detectom are i dentical

o KamLAND Solar backgrovnd require menl
above a Siwular thresheld s

Rate < 107 Hz
We 'om(ta need Rate £ | Hz,




::l L ] I I T I L Ll ] ] l
] 3
i 7
(: .
1 =
t 4
l'.: -
i -
| 3

|

T )
! i
t. a
E I -
k ] -~
200~ =
E |1 i
i | " -
of | e
0 / 2

E
1

tot

Solid Ive : B = ZXIOSSamrs, T=8 MV

Upper bine Etb)r: .Y xlosirﬂ,s, T=lo MV
Cower dine: E'=42x10%2rgs, T = 6 MeV

All with the same wuwmleer o4
eNewts  wn Eectw\f N [O.?_M,z\/} aﬂ)




E” [10” ergs]

Ln
1 T

B~
A

T [MeV]

I+ Se pernova clistance s vnkvwwn,}

must™ mardginelize over Etot:

[SEt”f; ST ~ lo%

. T
| O events used n cach Moente Canfle,



Coe VlC/&LStbng

—_—

bt

E and [ Aor Y, Va, Ve, Ve QXL
presaw\‘f@ %w“l}, uncertain.. A Lot
of presewt work depends on assomphivus

* Vit p o Vip and 1'/-+P——-,=‘J}_+f>
Canw be wrasured v KamlLAND  awd
Borexina WICM% Hheur prevver SN
nwuthmwo observatores,

E{p'tjr T can be muasuned B ~ |OZ_1

e Cyrucial 'jf'o’c*
C/OW\-PQY‘;SGK. o SN weedels
Neutvine oscillations
TotalL bf%d/t\w} gy,

Beawm, Farr, and Vogel lu,F-Ph/ozoszzc



0.9

0.8

S=0, Y,=0
— —3 np

2.8

3.2

3.6




SN Neuwtrino Osallations :

* Oscillations to sterides reduce numbers of events

. OS‘L[”&ﬁoﬂS QWV\% %,Vt,p;.,,?c Ill"l"dl\l'ﬂ.nt

™ Oscf“a.t'lorls Veé.——? thv‘c or ;c‘-_) L}'.‘,V.CI

Main effect s t» Swap in n..“hn'ty.S‘Pec:truM

Examplz Ve p — e'n o(E,) ~ Ef'

F(E,) o (E,) J\

~20MeV Ey
peak at == 4T TF@. ~ S MgV
anwﬂ—-:@%éxT Tvx,},_ng

+ Simifan for v+d,'2C O, **%PL ... ..



SN Neutrivo Osellofins ( cont: )

SMM‘—WW%

E.M»g,m, Mﬁ%ﬂﬁﬂ, Nrood
Minsfata  Nvuokawa, Tomas, Valdy
kwmedloy LUWo(Ana{J”,') S oitisiv
It oA A

Badantelon ef- of

Fogli ¢4~ al.

Scuvaty o Puller

ovnd Wﬂtﬁ, others L



