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Astronomy and Particle Physics:
New Results of Mutual Interaction.

(YUu.N. Gnedin, Pulkovo Observatory)
Basic Topics

Axions (Arions): Marginal Evidence of Existence.

Weakly Interacting Massive Particles: Direct and Indirect
Searches.

Vacuum Polarization Effect in Strong Magnetic Fields of
Neutron Stars and White Dwarfs.



The Cosmic Mystery-Pie

7/ 3% DARK ENERGY : 2 3% DARK MATTER

3.6% INTERGALACTIC GAS
.4% STARS, ETC.

N
|

‘The constitution of the universe may be set in

first place among all natu ings that can be known’
Galileo Galilei, Dialogue




1~ 1~
g - na -
D‘ o8- u"’ 0AR
CMB
[+ 0r
+LENS
L o — 06 -
| | 1 1
ne L | 0.4 [N 0.8
nl‘l‘l
T T T T T T T T
—-0.5 .
L cMB - +LENS |
08— -1
B % . -1 E .
LA o —
CMB
08 - +LENS - g
| | 1 1 P T T T N T T T T U SO ST T S T S S
(R 0 N4 48] 0. 1 3 .0 4} ] . 0.4 [+ ]
nm DIE



TABJI.1. KAHAUIAATBI B TEMHVYIO MATEPUIO

bapuonnas marepust

Hebapuonnasi Mmatepusi (3JieMeHTAPHBIE YACTHIIBI)

Heiitponnsie 3Be3/1b1

Helitpuno

UYepHusle abIpbI

AKCHOHEBI

KopuuneBbie Kapauku

Cnabo B3anmoencTByomre MmaccuBHbie yactuiibl (WIMP)

IOnurepst

Helitpanuno

Acteponsl

Cynepcummerpuunbie (SUSY) uacTuiisl

XouoHbIe OeTble KapiIuKH
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Map of 355 Polarized Quasars, Aitoff projection

Declination
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Magnetic Conversion of Photonsinto Fundamental Particles

Grand Unification theory (GUT) requires the existence of coupling between photons and fundamental particles.
This coupling is determined by Lagrangian term (for scalars):

Lypme,
M

S

where F isthetensor of eectromagnetic fieldand f isascalar field.
Thetheory gives the following expression for probability of conversion of definitely polarized photons W, into

scalar particles (Raffelt and Stodolsky (1988), Gnedin (1994)):

L2 ®1 BL
W=—" _gn2{=——oh 1+|2/125 (a
NEFTE R PRV e @
where B isthe magnetic field strength, L, is the coherence length of magnetic field, L, =2pM /Band
L, = 2pw/w§ are the oscillation lengths of magnetic conversion into vacuum magnetic field and into plasma,

respectively. Only one polarization state for which the electric vector lies into the plane containing the magnetic
field and line of sight directionsis transformed. Here and below the symbol B meansreally the projection of the
vector B on this plane.




The Eq.(a) isvaid only if the condition Lg, L < 2pw/m takes place, where m isthe massof ascalar. Therefore,

our consideration is restricted only by low mass and massless scalars or gravitons.
For the case of vacuum, i.e.when L [ Lg Eq.(3) isvery simplified and takes aform:

S n2 ﬂ; BI—coh 82 I—f:oh

W =
Il
£2 M

if the condition takesBL_, [] M..
The degree of linear polarization p, can be easily found by

_ -1y W) .
R +I”(1- VV”)

I W/2
if one has deal with non-polarized light, i.e. I, =1, =1,/2andW, [J 1.

Now the main problem consists in the estimation of the magnitudes of B and L, for real astrophysical
conditions.



Magnetic Photon Conversion in the IGM

We shall make our estimations using approximation by Furlanetto and Loeb (2001) accepting the dependence of
IGM magnetic field strength on coherence lengthin aform

-2

B° B, =10°(L,,/IMpc) "G.
The IGM electron density is
n =Wh*" 10°@1+2)°cm®» 2" 1071+ 2)°cm’®.

The the oscillations lengths are:

+ 3}
L :%];Z) »2° lOzg&W 9 ! zeV'l
P W &3eV g1+ 2)

p

L9 n ..
ZpMS :1023m'0 GO&MS Oev-l

L, = 9
®7 B $ B eV g

where w, is the plasma frequency.
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Weakly Interacting Massive Particles

Martha Stewart sells ImClone stock

Particles in thermal equilibrium freeze out

Decoupling when non-relativistic

Freeze out when annihilation rate
= expansion rate
i _ expenential drop
Relic abundance:

2 97 3 _-1
Q h"=10" cm” s /(o V)

7
i
S
L
i
Bt
(A

freeze out

ifm and _ determined by
electroweak physics, then  ~ 1 - Dec 2002 Feb

Date (time -)

J.Feng astro-ph/0405479




WIMP nucleus cross section
In MSSM/CMSSM (neutralino):

B cutconsr 10 TeVeonstr [ GUT unconstr W suromss WoTevonst [ GUT uonst

. GUT consctr .'L‘iTﬂmel ﬂ GUT unconstr
1w

tan =10 u:lbﬂ

current experiments

1, 0.2 events kg d-!

L]

M (GeV)

Ellis, Olive, Santoso, Spanos: hep-ph/0308075

No tachyons before GUT scale
No tachyons before 10 TeV
I  No constraints: low energy effective SUSY




WIMPs:

106 per second through your
thumb without being noticed!

107° through a human body
each day: only < 10 will interact, the
rest is passing through unaffected!

If their interaction is so weak,
how can we detect them?




World Wlde WIMP Search
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WIMP Mass [GeV]

Predictions: Ellis & Olive, Baltz & Gondolo, Mandic & all

~ 0.2 events/kg/day

Most advanced experiments
start to test the predicted
SUSY parameter space

One evidence for a positive
WIMP signal (DAMA Nal)

Not confirmed by other
experiments




The DAMA experiment

At Gran Sasso (3800 mwe)
9 x 9.7 kg low activity Nal crystals,
each viewed by 2 PMs (5-7 pe/keV)

Annual modulation analysis:

7 annual cycles: 107731 kg x days B DAMA 3 region
positive signal (6.3 CL) ;

{astro-ph/0307403, Riv. N. Cim. 26, 2003) -
107
WIMP Mass [GeW]

Studied variations of:
T, P(N,), radon, noise,energy scale,
n-background, -background

WIMPs? UNCLEAR!

Efficiency?
e e Shape of energy spectrum?

1000 1500 2500 Stability?...
Time {day)




Resulting experimental upper limits

90% CL upper limits assuming standard halo, A2 scaling

K

-

Upper limits on the WIMP-
nucleon cross section are
DAMA Nal/1- 4 1043 cm? for WIMP mass of
4 30_ 60 GEV’CE

) Phys. Rev. Lett. 93, 211301, (2004)
region
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Factor of 4 below best
previous limits (EDELWEISS)

Factor of 8 below CDMS-SUF

2

Excludes large regions of
SUSY parameter space

and DAMA

Bottino et al. 2004 in yellow
Baltz&Gondolo 2003 in red
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SuperCDMS Reach
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The XENON Project

Modular design:

kttp://dmtools. biown.edu
- Gmtskel |&Mandi

10 LXe modules: ~ 60cm @, 60 cm h
each 100 kg active Xe mass

CDMS Il
XENON: 10 kg

XENON: 100 kg

XENON: 1 ton, no backgrounds
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O-mode X—mode
(minus—mode) (minus—mode)
O - O -
X—mode O—-mode

(plus—mode) (plus—mode)



X—mode
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Photosphere

Vacuum

Resonance
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