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Introduction

98 - great year for I/ (am) & Cosm’ (sn.cws).
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CMBR: Flat Universe

s + A = 1 (assumed below)

Relative amplitude

7 1 1/2 1/3
Angular scale {(degrees )

Deceleration was obvious (SCDM):
ds® = dt* + a*dx®, aoc —Q(1+ 2)°



magnitude

cosmological constant |
no cosmo. constant

SNe: Looks fainter

24 - standard mode

Decelerating
Universe
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CMB — flat + SN — 7?7

Dark Energy A~0.7!

__SMNe la (LBL)
Hi-Z SN Team
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. Recollapse




More Indirect evidences
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SNe - the strongest (direct) evidence.

Others mostly measu’ €2, 5 mowever iswisz ...



Next: w=p/p ?

Must control intensity loss:

Dust extinction.

NP (eg axions Csaki, Kaloper& Terning).



SN = particular phys. + syst

W VS. €25 (CMB+baryon osc’ & SNe /W & /wo axions)
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SNe like w< —1 ? Song & Hu (05)

Different probe (1/, gravity waves) ?



Main Idea
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Type la vs. Core Collapse (CC)

SN Taxonomy (with light)

early spectra: H /" no H 2

late spectra: He / H 2

light curve decay:
He poor / He rich ? plateau / linear 7

tThermonuclear expl’ ~ core collapse

SN Taxonomy (with neutrinos)

CO mre C‘:Ol Iapse. Thermonuclear expl’

tThe picture looks much simpler._._
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Type la vs. Core Collapse (CC)

la: small, old prog’, binary

Companion star

vWhite awart

\

Accretion disk




CC SN vic, 11x

1/ CC: big, young prog’ 1/




Main Idea

Replace SN-7ys with SN-V/s.
Combine info’ from IV & SN obs'.
HyperK/UNO - 102 relic SN/ = d”(e).

SNAP - 1 CC SN = Rgy(2).
P (e) & RSN(z) < Cosm’ dependent!
" (€),Rsx(2)- uncertain due to Rc}



Ry + 7 Cosm’ sensitive

" 1s a function of Rgy (& - see later):
P ¢ f dz RSN d]\i” L

The dependence on R cancel.

\

Still cosm’ dep’ (SN -“standard” I/ candle)!



ACDM vs. SCDM - naive picture
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Main idea - summary

Measure ", (MT detectors+Gd ~ 1000)

Measure Rgn. (SNAP ~ 3000)

’ ’ : " dNV
Theo’ + exp’ speculation to fight =—.

Go after cos’ anomalies = d% (2, A/w).

OR use the above + cos’ = 4~




Rqn & SN observatories

C.

SN1999ge
’ 1

B

L]
NGC 309 - MAGNITUDE 12.2 SPIRAL GALAXY, CETUS. HOST GALAXY, SUPERNOVA SN1999ge, RISING NOW AT MAG
15.5 (+/+ .15) +1.5 INCREASE FROM 29 NOV 89. COMPARISON STARS: A= GSC 5270:1399 MAG - 14.16, B= GSC 5270:827
MAG - 14.06, C= GSC §270:127 MAG - 12.92. OTHER FOREGROUND STARS DOWN TOABOUT MAGNITUDE 18.0 (+/- .5).
NORTH AS SHOWN, FIELD SIZE 13.4'X 8.9". SBIG ST-7E CCD CAMERA, 8 X 2 CO-ADDED -20C IMAGES. MEADE LX200
10" /6.3 S/C SCOPE. IMAGEDAT 23:53 UT, 2 DECEMBER 1999, AT GREYROCKS AMATEUR OBSERVATORY LA 41-§1.2N
LO71- 47.9 W, IN EAST KILLINGLY, CONNECTICUT, USA. OBSERVER - LCOR FREDERICK M. EWALT USN (RET)
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Measurement of Rgy

Ren(z) from light bad?;

() flux” — flux” translation = Cosm’ cancel. (ando & sato)

d% (Qur,A)
AV /A= 0)

(S;(l)\I X Lobs

1% CcO dV/dZ(QM,A) dNV
O o [ dz R Zn ) de




Rgy from light bad 2
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SNAP precise SN counts

SNAP = dramatic improvement!

Wil collect both CC and l1a SNe.

\

Precision Rgy.

(DIf’ dep’ Rgn o< gy %(QM, A, z) ;vol'—flux )



SNAP

2 years on

L2

, 4 days scan, 1deg®.
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SNAP Olympics & Rgn

In practice
Ren o< R SE(Qu, A, 2) X €(z, di; dust, ...)

dV 2dy
dZO(X dZ7XO<fHQMAz f\/ﬂM1+Z3+A

e corrects finite detection efficiency.

MC to estimate efficiency. (swoc: coobaret a)



Efficiency
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High dust, 4 days int’ (mag. 27).

4 day scan
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RS, from measured rate

R CO dV(Q ,A Z)
e(z,dsLl\,I...) g - ~ (O(3000) SNe!
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RSN & 1 Observatories
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Future exp’: MT GADZOOKS

MT water + GdCl; = 12, £ > 10MeV.

yea
- - |
Ve —+ P — € + N (GADZOOKS Beacom&Vagms)
- | | | | | | | -]
10° - \\ | GADZO0OO0OK St | =
\ —
. =
102 \\\% Reactor v _
\\\
10" \ SHESENES Ve

\ Atmospheric

OGE. (25 Koy VY]

—-p. 27



Uncer’: 1 diff’ event rate

MT Cerenkov + GdCl;

Location could be important...
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SN & v flux




SN & 1 flux

Roughly, " «+ grav’+nucl’+thermo’.

\

v 5%]
v spheres, thermal spectrum; %Y 10 erg

deoc

o eTV +1
Hier spectrum 1, <7, <7, =T,

Various corrections & systematics:
® MSW ./ ® Spectral distort’ ./ ® Progenitor dep’

® Shock wave x ® Nonlinear evol’ x.



Spectral Distortion

(Keil, Raffelt & Janka.)

Elast’ scatt’ + NC = pinch + mean E
+ luminous’ distor’, 8, E,i, L,

ANV €
Ei|l

7o X L, = 7, €XP {—(1 + /Byz)
Data. SN 19873 — 51/, U . (Mirizzi & Raffelt; Lunardini)
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Projected uncer’

Future measur’ improve the errors.

PI’OgenItOr dep, |S 25% (Takahashi, et. al.; Buras, et. al.)

Matter effects accom’ (as long as spec’ is known).

Use 5, =3+0.25, % =122+ 1.4, = 55+0.75

1052



Combine observation &” + Rqy

Modest goal: ACDM vs SCDM;
Orw=—-1vs.w=0.

For each case gen’ mock pull.
Marginalize over neutrino para’.

Compute y* ...



Combine observation ®&" + Rqy

Only statistical errors assumed (+SNOC)
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AL, /L,

0.2 !

0.1 !

—_01 |

—_02 |

Marginalizing over

Flat direction in L,

o) 0.2 0.4 0.6 0.8

EV) /GV
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Salpeter function helps

Large prog’ = large L,
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Conclusions

Future » data carry cosm’ info’ (CC
SNe "standard" candles).

Univ’ with /s “looks” diff’ from 7ys?
[MaVaNs & ultra light PGB v/]

No dedicated exp’ (GdCl; required)!

See eX.: late ¥ masses (coiberg, op & sarcevic).



Main Idea

Step | - Resonance

@ Burst! \ o /

UV Supernova I/ + CMB IV = ¢ .

O=1VV.
Eyﬁnal ~ () — EVSN |



Step Il - Accumulative Resonance

SN »~ comes from far away, z < 3.

EVSN
(1+2)°

Ve S BN S/ 50-(1+2) < Reson’.

Expansion = shift; £, %" ~




NO Resonance

N= 2.

dF/dE 0.6
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Accumulative Resonance

mg~ 1 KeV, SN = 9.




Comparison

me~ 1KeV, 2°N= 2;zindep’ dip!

dF/dE
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Backups
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Efficiency type lIx

High dust, 8 days int’ (mag. 30).

8 day scan
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Rate (N/2MeV in5yrs 3kton)

R
0

=

10

10

ALD cineetay =

Future exp’: 100KT ALD

1OV6’ E > 14 MeV(COCCO el. al)
year ™

L Lol Solar

= | _ SRN M.h

C 3 ............ At

o

,,,,,,,,, R i L 1 | L 1 | 1
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E. (MeV)

(Cocco el. al)
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Matter effect & Inv’ Hier

(Lunardini & Smirnov; Dighe & Smirnov.)

2xMSW < Outer layers propagation.
Spectrum is modified.

Inv’ hier’ (913 1% Ve <> U .

mass hierarchy | 6.5 | P(v. — v.) | P(v, — 1,)

normal large sin? f3 cos? 015
inverted large sin? @1 sin? @45
normal/inverted | small sin? @1 cos? 015




Detection Probablity

More data in future

(Ando, Beacom & Yiksel.)

MT det’ — direct burst upto 10Mpc.
Coin’ 2events + corr’ with optical.
Rate > 10/10years or 10° for local.

1 " T, T T T I : I

-\ h P(=1) ; 12-38 M&\/ | riiiia-.

P(=1) ; 18- 30 MeVv _ ————-

0.8 — P(=2) ; 15-3c Mevy ——F
0.6 |—
o.4a|—
o.2|—
2e)

Distance D [ M pc]



Conclusions

Future » data carry cosm’ info’ (CC
SNe "standard" candles).

Univ’ with /s “looks” diff’ from 7ys?
[MaVaNs & ultra light PGB v/]

No dedicated exp’ (GdCl; required)!

See eX.: late ¥ masses (coiberg, op & sarcevic).



Probing Dark Energy
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