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ORDER OF MAGNITUDE EFFECTS FOR v EXPERIMENTS

EXPERIMENTS Vel — Upe o~ 10"%* cm?
(AT REACTORS | Gl Fy ~ 1013 /cm? / sec
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galactic

neutrino — SQUID position sensor
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7 \ '
coherently reflected neutrino flux laminated target mass ( 100 tonnes)

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.

(SMJH\ & Lewin H&S)
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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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The Standard cosmological mode!/
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Cold Davk Matter _

Ve

A

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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2dF Galaxy Redshift Survey

58606 galaxies
141402 total
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BO“V\J on neubn'no masSes from
WMAP (+AcBAR +CB1) + 2dFGRS
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Fig. 14.— This figure shows the marginalized cumulative probability of Q,h% based on a fit to the
WMAPext+ 2dFGRS data sets. ( Qa SSum.'na' nRo B,’qs Letween alay 12A

and davk mattey distvibution)
b =1ro4 4 0"l

S):ngel et al
(astvo-ph/0302269)
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: What I sa.y three Eimes
LS €~rue." '

-3
D, 0”0 > eNeT8Y (16 eV) ~ 10 MY

nsu‘l:‘\,

» l:)e -O-A =0 ... then must understahd wAd" J»’//event
Confvi6ul'ions 4o /\ cancel so accuraée/aL

-120
=p izf .n.A,_g_ 0 M: ... then must also understand wly
_Q-A ~_Q.m 'éé_dﬂ

++ models o; ‘guinée,ssenC&' (€V0/vin(7- secalay f:e.lal)

twhich track the ener” alens:"fg o’Z Matter) eaddvess
~ +the second pvoblem , not the fivst



o Vacuum enevgy is veal (Casimiv effect)

@

e Vacuum enevgy gyaviktkes <?e+r§:,t"13e’mii?;£’“tl

machine { )

—» no solution to preblem in field bheory

Kecent suggestions :

o Foss;ble- UV e IR connection fOY FT n cuvved
\ . sPace-time
ho\og*ar\n‘c. Fr%nciplg 7

e lSe!f-{:um'ma' o€ Cosmoloa-’cad. constant —» ©

in "brane-world”" constvucktions

. ] GR cannot be ?'Mnb‘seo\ (H:)bevf Sface o( .F.'.-.;'}e A"mensfuj
unless embedded in a move complete theory

may be Foss»'ble to undevstand why N\=0
‘\avdev Eo undevskand _ﬂ.A ~ _n.m bodaj

S;tu.qt’ion se bad that ‘ant"\voPir_' avauments
have begun 1o be invoked |




Fittin 2 COSmﬂlfaical— models to data |

DAY, S NN
i::“:’ ;:,?Ei ‘; 3 "Q& * II:; .I“ ﬁ O w a k how " o w
many para me ters

we need ?

cf.

; z 3 », St an dm,d SU (3)c X S U (Z)va(/)y ﬂoJel

e

_ (e;;e,céivé .,,,'elol theory valid u/afo E<d)

Su Pev-umvmaltsa& le neon.- Yenovmallsa.ue
¢2A2. Al-t yenovymalisable neutrino mass
_ ¢ ? (19 Pavametets) P"Fo(',boNnC demﬂ
Solve by :
(SoF‘:lg) Lvoken i
SuFevsHmmet‘U lnuae 'C.OSmol 03 o'cd Co»Sme"

when coupled to &vavibj

«. ne Solution known |

(anotl-.ev ()(noo) Pavamebcv;)

(how rany ?avameﬁers wil) it have ?)

Moval : -“-ue“simplest" cosmological medels

may not l:e adequ.cd:g, fo desexibe
the ~veal universe




Stud;gs of vaucture formafion uS‘ua/g assume.
O Harmson - Zeldevich SPecl’vum fo‘r the

fvimord;al densffa‘ /DﬁVt“"‘t;°” . P(K) o Kk & , n=l |

‘ v o buf :'nflaé‘iondr# moq/e[.s gehew‘ca[/a, lbrea’:‘ct
(1"?‘"'“’""‘) JEfarfuves fvom Scale- invaviance

Snz(") oC fTi.'.‘) oC V)

V'2 ks
= n(K=1 +z:l7 - 3(%)7-

—» Since VI #) Steepens towards the end o'f in//ab‘bn
theve will be o Scale-dependent spectral “tilt’
r K-' | «
Sy <[5+ 0 ()]
e-g =4 for VCC ¢3 = N 30‘9‘
_pdams, Ross & Savkar -
( hep-ph/9608336)
oo however the Sfecfrum con be very close to
Seale- invaviant or an exPonenin'a[ Fotent;q,[
C Powef—ldw' "nﬂaéfon) or In ./UAHJ , i‘nf[ab'an
(wheve the dynamics o,)e a Second f:eld ends ihf{ai’r‘on)

But in multi-field models , can even genevate
feo.kwr&S in _the Srgcﬁmm — ‘bumps’, ‘Steps’ ...

Adams, Ross, Sarkar
(hep-ph /9704286)



An a/ferna{ffve to the /com modeli

P ‘concordance’
WMA moda: _n.A:'. 0-%3 5 ..Q.mz 0-2% , h=072,n -0-99
Ouy E-deS model: 1, =0 , fy=1;,h=0"4

-1
n=14.02 , for k<k;= 0-003€ Mpe
=0-81 , for Kk >k

_f:l:s even betl:e.r!

7000w rrr|rrrrrrrrrrrrorT

El WMAP A-CDM WMAP data % |3
1 0,=1 CBI/ACBAR/BOOM/VSA < |3

6000 | ;

5000 F

4000

[¢(t+1)C/2m) uK?

soooz
2000 F

1000

1 10 100 500 1000 1500
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8x10°

Bx10°

4x10°

veloci

(km /s

2x10°

Ho = 46 km/S/Mpe S inconsistent with the

Hubble key Project value (72t8 km/s/Mpe)

++ but not with divect (and deeper) methods;
Suny aev-Zeldovich (quzzé ZK;'/S/MPC), gvavitational len$(481:31?

clusI:er diskances

time delays
I I I

Km/S/N
I

| T T | | B E— T 1

 HUBBLE DIAGRAM FOR SNla, SZ, LENSES

EESaies—-0-05

5000 104

luminosity distance (Mpc)

— need' —fuv%er wovk on b\e al»'st'amce scqjg
(e.g. mef:a(l,'c;? e_ﬁfgd:s on Cepheid calibvation ...)

Blanchard etal.
(astvo-ph [0304237)




Power spectrum, z=0

106: ST ! I
1 WMAP A—CDM
------- 0,=0.12 (*1 /04
0,=0.12 (*1/04
X b 4 2dF data
APM data
105 3
A |
O o y"
§- 104 :- ,“““ “
~ E o e
~—~ 3 4
X L K
o 5 ""
I\’
y
103 3
102 b aaaaal PRI | e A Aaaa
0.001 0.010 0.100 1.000

k (h Mpc™)

p ON Smaller scales, clustew’ng olﬁ matter would
be excessive --- unless damped by e.g. o
hot (neutrino) davk matter Cc'm,bonen&

Obtain 3004 f£it €o éo.-rge,—scda structure data
with 3 quats:‘—cleaenemi’e, neutwinos Of mass ~0-8eV
= (L, =012 (NB: Uell above WMAP ‘bound’|)

and SLphZ=0-021 (in agveement with BBN value) 7

=> bavaon ,f.,ac 'on in cluskers OTE ~157 (acceptable?)

and Ty =0- &4 (comsistent with weak lens"ng,determinab'on)




Power spectrum, z=2.72

109 g T
oo WMAP A—CDM «rerivnaes :
D,£0.12 =imimim
i 0,=0.12
I Lyman a data X
10°F E
I
& 107 3
= |
a s
10%F E
105 il -
0.001 0.010 0.100
k (km s™)

coe w,")j-, o @’g[a_s %actow’ bzi/o‘é , Can also Frf

Power SPecbvum of Lymah—alPAa, fovesl’

(l'f amplitude s veduced 6#

= 207/,

~1a ca libra tion un Qvtaini} )

—> [n these 7&,1'5 , the optical depth to last Scatteriré

(s T=o0-1

ouy unders tand

CDM cosSm

°d"¢

easierY fo aCComodaL’e w i th

.'né o% staxr fovmai‘im in

B ,a.n c})a'rc' e:t al
(aSFv? —PB /030‘1233{)



Pw'mord:’qi N‘MC[QOS:/’Z f/;esis

® Weak inkeyackions (n e pY, pees NYe , ne>pes)

keeF neutrens and ,bvotons in equlibrium in He e"'éf

UNniverse. By Mhé‘l;[ the reaol'ior) rale (/-,N T;f’n) becomes
Smaller than Hhe exlbansfo?z rvate (H~

. f-:e/"%;:) P at
VoS P
7} (B z:.)i; MeV, and the
;ip
heutvon _fo,.l'b\,otm YQé'l'o lf"eeieb —0\41') w;tﬂ f/)e VO}(AL,

n —(M”-mP)/T Subsequewt
(F) = C f ~; _/_ ( re duCeJ t‘o —?l 6j lﬁ—Je(y)
7, ¢

er, Follsn, Her ‘53, -~ - Bernstein, Broun, Feinbevg 28
@& .Nuc[ear Yeacb'ons 59 N oo/sen ‘&4 univerwrse. CooZS

to T~ 0-1 MeV - - almost all neutrons r?«‘ft

bound in “He o] 5] %
. \ >
PP Pvedn'ctal a L(Jndan‘a \\\\1;‘ l?q ! » l-;«\,
(5 ¥ moaus) N ONATDRTY
”C < 12C 13C “C
Y (4He-) = 2(%) ~ 0.2 5 A J\\ N (d, n)
| T W R ST
I/ D d, p) \\\
e » P
?// 7Bc Q"G ,\'0\\ 9Bc (d,n) \\

) I/ Q5
@, pa) (en. )
II
(d, p) 3
(*He, 2p) 7

3 4
He He
. @, p

(d, n) NN
1 2 3

H P H r H
\\\\\é‘o\ ( .P)
fo}\\\ J
s \\\\
<

n

n, o

[ Wagoner ,fouler, Hayle BF - . - Esmailzadel, Starkman, Dimopouhs 3
¢ ) ‘ “
® /e,/f{:'ovev a[;Unc{anceé GEf D 3 31L/€ 8( 7LL
determined La; rate ojf nucleay veadions (oc ﬂ;)
S depend Sens;'iivebl on 'Z =
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