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Hubble Space Telescope * Advanced Camera for Surveys

NASA, ESA, S. Beckwith (STScl) and the HUDF Team STScl-PRC04-07a
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N eutrino decou,o/:n g occurs when the intevackion vate
[~ ndauy  (with neT?, @usm 677) Lalls behind Hhe

Hul:b/e; eéxpansion vote H ~J ,a [wﬁ, F ~T )
at Ty ~ (GNIZG'J) ~ O Mev)
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ORDER OF MAGNITUDE EFFECTS FOR v EXPERIMENTS

EXPERIMENTS Ue€ — Upe o~ 1074 cm?
T REACTORS| D | Fy ~ 1013 /em? / sec

RATE ~o-F-N
~107* x 10" x N~ N . 1073
N ~ 10°° for 1 TON
RATE ~ 107%sec™! = 10°%/year

'RELIC NEUTRINOS Ve+e— ved+e o~ 10762cm?
e ~ 107%eV F, ~ 10'?/cm?/sec

RATE ~ 107% x 10 - N = 107%° . N
For RATE ~ 10° /year N = 10* [~~ 10'* TONS]

TWO WAYS TO IMPROVE ¢ — 10~*cm? MAGNETIC
MOMENT
OR
COHERENT EFFECT
R~c-F- N2 ~ 10750N2

(Smith 1983)
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Fig 4.1 Hypothetical Galactic neutrino detector based on measurement
of macroscopic forces from coherent reflection.
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Fig 4.2 Hypothetical Galactic neutrino detector based on coherent
momentum transfer to superconducting electrons.
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(Swmith & Lewin 138)
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Fig 4.3 Possible detection principle for Galactic neutrinos based
on induced beta decay in tritium (from [4.5]).
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Fig. 3. Part of the trittum spectra near the end point. The spectra were reduced to the same
total intensity and end poimt-energy. Solid and dotted curves 1-3 present experimental points
and fitted theoretical spectra (step included). The curve 4 was obtamed by substraction of
the step from the curves 1-3 and correspond to m, = 0.
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Fig. 4. Evolution of step position with calendar time.
Crossed pomt is an average of the 94 run. E, is the fitted end-point energy.
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..+ Can be intevpreted as due to SCatbQYihé, on neutrino cloud
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Computer simulations of structure formation in the cold dark-matter (top) and
hot dark-matter (bottom) scenarios (assuming random overdensities act as the
seeds). Galaxies form first and cluster later in cold dark-matter models; with
hot dark matter, by contrast, clustering occurs first at large scales, followed
later by fragmentation and galaxy_formation.
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L] T(ng;‘) =7; [1 + Z Z a';a(f) th(;;)] "”(‘f:élt{;:
a L=2 m=-f Functisl
' A

Skf/ ""Q'"Pevaéuvg at fa'si{-ion 5(- in direckion N

—p The co- »ficié—ofs {Q,Zl} are inde./,e,mlent' stochastic
Vaviables fﬂf vondom /aAa.oe (Gaussian) inikial condibions

=-> <q:‘(x)> =0 ; <! a';n()?)r> _ CL

the aver /S over -)E’ => an e,nsembli avzra?l

) &
aver oll reali makions af-ﬁuz LSS ﬁma}u&lf’-‘ on

m Cosmic Vam‘anm;)
( dfffemf sbservers See dfffermt{a?_ } = Cos

/ A T /A _ 1 2 |
TG <€7¥("'> T (m)> = 2, % Tl

Ska, 2>2
- Q m )% o5 (N n )
a,c - Z QG—L \ J (| (F ’es ’82)

mz-£
(xi diskyibution with (24+) degress My _

2 Wise Ig‘f>
Laly = (22+1) Gy (Abbett & Wis

i G e :
- for Pl = Ak spectrum of inibial fluct‘ua omS

n-| q-n
Sachs CQ— C f(lt’:—,—:)[’( 2__2 ,:far n<3

: : L =, g-ny P/ 310
e(fecﬁ .E (Q'F 5-2_: ) I‘ ( T) -S4 4
. R W
for Sfaé’ialg flaf Universe with n=l CQ - lm'c" 1,(@"".)
,_ (Pecbler ’84)
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Bound on neu{:n'no masSes from

WMAP (+AcBAR +CBIL) + 2dFGRS
with the 'P*u’ovs': J-0-7210:05, n=0-99t0°0%
N, h*= 0142002

0€_ ,.4420-0
O}J)‘m = 04

1.0 _ L e L
|
_ (),h*<0.0076 |
C 08¢F | _
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= my< . e :>l v 1€
- _ | | -
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o [ | |
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2 |
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o i |
> |
S - |
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Fig. 14.— This figure shows the marginalized cumulative probability of Q,h? based on a fit to the
WMAPext+ 2dFGRS datasets. (@ SSuminm ho B,‘qs between galax 1eA

and dark matter distvibution)
| b =1o4zt0:ll

>
‘F\'om Ln’SFec‘\:\'um ana\:’s»'s oﬁ 'ZAFC\RS

S}:efgel et al
4 (Q,.S'tvo‘fl’/03°22°q)




VIRGO Collaboration
A?’H simulation
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. What I say three éo'mes
is tvue”

20
-QA ~ _n.m ~ o<i) > ed::;?g’ ~(1O QV) ~ 10 ﬂ“

» LF _O.A =0 tAen musé’ andersfand w‘a_ d.;f/event
contvibutions 4o /A cancel so aceuvately

-|20

=) i; SLp IO M: ... then must also understand why

ee e modetg 0; ‘1 u"n ées‘s’enQ ! (e«VGIViﬂJv Sca.b.rfIQU)
which track the enevgy densit % matter, address
the second problem , not the first




N

® Va.cuum enevgy is veal (Casimir effect)

@

o Vacuum enevgy gravitates ( ;;h&uﬁemﬁ?;tmcl

machine ! )

I Ak

—» no solution to problem in field theory

Rece.n“.' SungS‘E;OhS :

o [ossible UV« IR connection ;OY FT n curved

‘ s -time
'ﬁo\ogvaF\«fc. Fv;hc,‘Ple'? pace-tim

® tS;elf-i:uu-n'a«.a' o€ coSrnoloao‘ch constant —» ©

in "brane-world” constvuctions
.- does net wowrk |

® GR Cahnot be qwnt'\'secl (H.”bevt Sface o( .P.'n:'l'e d-’mensfovj
unless embedded in a move complete theory

qu, be Foss:'bfe to undevstand wkj N=0
"\avdev Eb undevskand ._Q.A ~ _ﬂ.m {:’odaj

S twatiern se bad +that ‘anﬂwoPic' avauumehts
have begun +o be invoked | . )
...J'usé;zﬂ,'cp,t,‘on 7L0h7 Sht'na z‘:Aeavg .éahdsca/ae ‘|



Fitting cosmelogical medels o data

Do we know how

many para me ters

we need ?

& Stondard SU(3) x SU(), xUC), Hode?
S _ (G—F;ec(:ive. -/,'elc/ 'H)e,o_s:y valyd Lsnlt.o E<A)

‘Supev-venormalisable non- venovmalisable
¢2Aq. A‘-r yenovymalisable neutrino mass
> £ d
el 19 parameter preten aecay
' ( parameters) FCNC
Solve. 5%- :
[SCF‘.'.‘}J) Lvoken ‘ .
Su’:evsymmetg 4 kuae ‘cosmol o9 jcal comstant’

(another O (100) paramebers) when coupled to 37‘4\/5{3

(kow many Pawame[:ers wil) it kqve?)

Moval : Tl'-;e“simple.sb" cosmological models
may not be adequate {o describe

the veal universe



AsExonomexs have ﬁvadiéiona//éc_ assumed a
Hewryison - Zeldovich sPecfvum for the /le'mora’fa,é
de,ns;'kd»; perturbation : Plx) e k" | n=1

.o but Ln%lab'on models darenew‘m//# Pved"cf

depavbuves fvom SCa/e— invaYyran Ce

6—3- cn Singfie_—f;elcl models :

= nik)= 1+ 2_-_‘_/':..3(\7’)2
v v

2

S: () c Fl) o _Vig)
K V'?

K=H
—> Since V(?) SlreeFenS towards the end 07'[ ;’hf/azfior)

theve will be a S'Ca/e-chenJenf Sfectral €1E
€9 n Sv’mple.sf.’ F-teym N=1 SUGRA model ,

3
V= Vo-—°<¢ +o = nf-'-'l"'j—:‘,—*'z 0°9 for N~50

w/ueve N ~ 50 + -en k-l Subject‘ to
* - el. »'L'S T
3000 " Mpc mitS on lveheat

[Ross & S.S. 96 ]

In mu”:i-fp»'e/d models , can have Sudden
C/vamge,s in eq mass o7£ fn//at’on ffeld
due to other 7Klat drvections undergoing,
Sammefﬁ—bveakmg, F}nse il:‘rans/'fions

A w»’/l ?enerabe SFecbra,[ 7£ea£‘ure5 (‘Sfefsl, 'Aumysl...)

The den 5"1’:3, Perx’:wv/aav‘:fon need not be_ Sca/e—f-ree_ /

[Adams , Ross & S-S. 47]




An olternative to the Acom model

‘concordance’
WMAPM;:!J: n,=0173 , N, =02%, h=0%2,n=0177
Ouy E-deS medel: 1, =0 , )y, = 1 ,h=04¢ |

n«1 oy fo\r kK< k, =00L MF‘:
‘-'!O'q 2 7567 /<>I<’

.{.‘l:s even better!

7000:_I_HT|'|'I'I'_I-,'HI'I'|'HI LENL BN DL BN L DL AL L AL B DAL L

llllllllllll WMAP A—CDM WMAP doto x g
Q=1 CBI/ACBAR/BOOM/VSA - |3
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Power spectrum, z=0

10 f T T T 1 ™ T T T7T7TT]
------------ WMAP A-CDM
------- 0,=0.12 ?1/0,’;
0,=0.12 (*1/04
X 2dF data
APM data
1O5 r
= ix
N AL ¥ S
O o2 ‘
§. 104 e l
N’ "
~~ R4
S .'
(a ‘¢"
‘I
103 3
102 PRI | PP | o sy
0.001 0.010 0.100 1.000

k (h Mpc™)

= ON S’maller SCalQS, Cluste'r,'na, 076 MQH:QT wou[o(
be excessive .-- unless damped by e.g. a
Bo[: (neutw’no) davk matter Comlbonené'

Obtain 3ood j[,'l: ¢o lavge—Sm[e. structure data
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Figure 1: The X-ray intensity measured by HEAO-A1 is correlated with
the microwave sky measured by WMAP at a higher level than would be
expected by chance correlations. Here we plot-the cross-correlation between the
X-ray intensity fluctuations-and-the-CMB temperature fluctuations along with the
theoretical predictions for the ISW effect in a cosmological constant (25 = 0.72),the
best fit WMAP model for scale invariant fluctuations. To give an idea of the level
of accidental correlations, the green curves show the result of correlating the X-ray
map with 100 independent Monte Carlo realized CMB maps with the same power
spectrum as the WMAP data. The variance increases at smaller angular separations,
where there are fewer pairs of pixels contributing to the correlation and one can see
that the signals in neighboring bins are highly correlated for a given realization. Due
to the shape of the expected correlation, the signal to noise is greatest at smaller
angular separations. /For 8 = 0°, 1.3° and 2.6°, the Monte Carlo trials exceed the
amplitude of the actual X-ray/CMB correlation only 0.3%, 0.8%, and 0.3% of the
time respectively. These correspond to 2.4 to 2.8 0. At larger angular separations,
the observed correlations appear to fall faster than predicted by theory. The blue line
shows the theoretical predictions if the quadrupole and octupole modes are suppressed
as suggested by the measured WMAP temperature spectrum. While it seems to fit
the data better, the larger angular separations have very low signal to noise.
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Conelusions
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