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� Ñîñòàâ Âñåëåííîé (ïî äàííûì WMAP çà òðè ãîäà, arXiv:astro-ph/0603449v2):

Ïëîñêàÿ ìîäåëü 
 = 1 c êîñìîëîãè÷åñêîé ïîñòîÿííîé.

 mh2 = 0:1277 + 0:0080� 0:0079(åñëèh = 0:732, òî 
 m = 0:24)

 bh2 = 0:02229� 0:00073
h = 0:732 + 0:031� 0:032
ns = 0:958� 0:016
� = 0:089� 0:030
� 8 = 0:761 + 0:049� 0:048
r0:002 < 0:65(95% CL)
Îáèëèå ëåãêèõ õèì. ýëåìåíòîâ â ìîäåëè ïåðâè÷íîãî íóêëåîñèíòåçà, êðóïíîì àñøòàáíàÿ

ñòðóêòóðà Âñåëåííîé, ñâåòèìîñòü-ðàññòîÿíèå äëÿ ñâåðõíîâûõ.

Óð-å ñîñò. òåìíîé ýíåðãèèw � p=� = � 0:967 + 0:073� 0:072(WMAP+SNLS)

 � = 0:716� 0:055(WMAP+HST)



� Òåìíàÿ ìàòåðèÿ

� WIMPs - òÿæåëûå ÷àñòèöû - õîëîäíàÿ òåìíàÿ ìàòåðèÿ
� àêñèîíû
� ëåãêèå ÷àñòèöû - "òåïëàÿ"è "ãîðÿ÷àÿ"òåìíàÿ ìàòåðèÿ
� ïåðâè÷íûå ÷åðíûå äûðû
� ñêðûòûå áàðèîíû: êîðè÷íåâûå êàðëèêè, "Þïèòåðû", õîëîäíûé ãàç, êàïëè æèäêîãî

âîäîðîäà - ïðîáëåìà ñ ïåðâè÷íûì íóêëåîñèíòåçîì è òåîðèåé ýâîëþöèè çâåçä

×àñòèöû íåéòðàëèíî èç ìîäåëåé Ñóïåðñèììåòðèè ðàññìàòðèâàþòñÿ êàê íàèáîëåå
âåðîÿòíûå êàíäèäàòû.

Äåòåêòîðû ÷àñòèö òåìíîé ìàòåðèè (DAMA è äð.). Ïðÿìîé ïîèñê íà LHC â ÖÅÐÍå.
Êîñâåííûå äàííûå - ïðîäóêòû àííèãèëÿöèè.

Õîëîäíàÿ òåìíàÿ ìàòåðèÿ ãðàâèòàöèîííî íåóñòîé÷èâà è (ïðè íàëè÷èè âîçìóùåíèé
ïëîòíîñòè) ìîæåò êëàñòåðèçîâàòüñÿ - îáðàçîâûâàòü ñãóñòêè âî âñåõ ìàñøòàáàõ.





� Ñâåòèìîñòü Ãàëàêòèêè â ãàììà-ëó÷àõ

Mmin = 105 � 108M � (Aloisio, Blasi & Olinto, 2002)



� Ñïåêòð êîñìîëîãè÷åñêèõ âîçìóùåíèé ïëîòíîñòè � (~r)=( � (~r)� �� )=��
Ñïåêòð ìîùíîñòè P(k): h� �

~k
� ~k0i = (2� )3P(k)� (3)

D (~k � ~k0)
Transfer functionT(k): Peq(k) = Pp(k)T2(k)

� 2(R) =
1

2� 2

1Z

0

k2 dk P(k)W(k; R)
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Ýôôåêòèâíûé ïîêàçàòåëü ñòåïåíè ñïåêòðàn = � 3 � 6@ln � eq(M )
@ln M
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Íåñòàíäàðòíûå ñïåêòðû: � H � M � 3
Pl V 3=2=V0

� Running-spectral indexdns=dk 6= 0
� Îñîáåííîñòè â èíôëÿöèîííîì ïîòåíöèàëå (Ñòàðîáèíñêèé, 1992)
Íåéòðàëèííûå çâåçäû (Ãóðåâè÷, Çûáèí, Ñèðîòà, 1997)



� Ìèíèìàëüíàÿ ìàññà ñãóñòêà

Mmin � 10� 12M � (Zybin, Vysotsky, Gurevich, 1999)
Mmin � (10� 7 � 10� 6)M � (Schwarz, Hofmann, Stocker, 2001)
Mmin � 10� 4M � (Loeb, Zaldarriaga, 2005)
Mmin � (10� 5 � 10� 4)M � (Bertschinger, 2006)
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Çàâàë ñïåêòðà çà ñ÷åò äèôôóçèè @�(~x;t)
@t = D(t)

a2(t) � ~x� (~x; t)
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� Ìåëêîìàñøòàáíûå ñãóñòêè, ÷èñëåííîå ìîäåëèðîâàíèå

3 êïê 60 ïê 0.024 ïê
N = 62 � 106, m = 1:2 � 10� 10M � , z = 350! 26

(Diemand, Moore & Stadel, 2005)



� Ôóíêöèÿ ìàññ ñãóñòêîâ
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� Ñòðóêòóðà ñãóñòêà

Ïðîôèëü ïëîòíîñòè:

� int (r ) =

8
>><

>>:

� c; r < R c;

� c

�
r

Rc

� � �

; Rc < r < R ;

0; r > R;

(1)

ãäå� ' 1:8 (Ãóðåâè÷, Çûáèí, 1988)

ðàçìåð ÿäðàRc=R ' 0:01(Moore et al., 2005)
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� Àííèãèëÿöèÿ ÷àñòèö òåìíîé ìàòåðèè

Òåìï àííèãèëÿöèè â åäèíè÷íîì ñãóñòêå _Ncl =4�
1R

0
r 2dr� 2

int (r )m� 2
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Êîíöåíòðàöèÿ ñãóñòêîâ â ãàëî ÃàëàêòèêèdNcl = ncl(l; M; R )d3ldMdR
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Òèïè÷íûå âåëè÷èíû: S ' 5, ~� H � 0:3 ÃýÂ ñì� 3, �� int � 10� 20 ã ñì� 3, äîëÿ òåìíîé
ìàòåðèè â ôîðìå ñãóñòêîâ -� � 0:001

� � 102



Êîíöåíòðàöèÿ ñâîáîäíûõ ñãóñòêîâ
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(Press, Shechter, 1974)
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Êðèòåðèé ðàçðóøåíèÿ� E � j E j � GM 2=2R
Òåìï íàáîðà ýíåðãèè T � 1 = _E=jE j
Äîëÿ ñãóñòêîâ, èçáåæàâøèõ ðàçðóøåíèÿe� J , ãäå
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(Áåðåçèíñêèé, Äîêó÷àåâ, Åðîøåíêî, 2003, 2006)
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Stellar components of the Milky Way

Halo stars

Galactic diskCentral bulge

DM halo



� Ðàçðóøåíèå ñãóñòêîâ äèñêîì

"Ãðàâèòàöèîííûå óäàðû"ïðè ïðîëåòå ÷åðåç äèñê(Ostriker, Spitzer, Chevalier, 1972):

�E =
4g2

m(� z)2m
v2

z;c
A(a)

Âëèÿíèå ïðèëèâíûõ ñèë íà çâåçäíûå ñèñòåìû:(Gnedin, Ostriker 1997, 1999), (Gnedin,
Hernquist, Ostriker, 1999), (Gnedin, Lee, Ostriker, 1999), (Gnedin, 2003)

A(a) - àäèàáàòè÷åñêàÿ ïîïðàâêà(Weinberg, 1994), (Gnedin, Ostriker 1999)
a = !� d, A(a) = 1 ïðè a � 1 è A(a) � 1 ïðè a � 1
A(a) = (1 + a2)� 3=2 (Gnedin, Ostriker 1999)
èçîòðîïíàÿ ìîäåëü ãàëî:
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2�r 2

0
e� r=r0



� Ðàçðóøåíèå ñãóñòêîâ çâåçäàìè
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(Áåðåçèíñêèé, Äîêó÷àåâ, Åðîøåíêî, 2006)
Ñëåâà: Äîëÿ âûæèâøèõ ñãóñòêîâ ñM = 10� 6M � è � = 2. Ñïðàâà: Â çàâèñèìîñòè îò

ïëòíîñòè ñãóñòêîâ� cl â ÃýÂ ñì� 3.



� Ëîêàëüíûé êîýôôèöèåíò óñèëåíèÿ �
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� Êîýôôèöèåíò óñèëåíèÿ � (� ), ïðîèíòåãðèðîâàííûé ïî ëó÷ó çðåíèÿ
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� Àíèçîòðîïèÿ ðàçðóøåíèÿ è àííèãèëÿöèîííîãî ñèãíàëà

� ~E = 2g2
m(� z)2=(v2

z;c); vz;c = J sin
= (mr c); � E=jE j = C=sin2 
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(Áåðåçèíñêèé, Äîêó÷àåâ, Åðîøåíêî, 2007)
Ñëåâà: äîëÿ ñãóñòêîâP(r; � ), èçáåæàâøèõ ðàçðóøåíèÿ, êàê ôóíêöèÿ óãëà� ìåæäó

ðàäèóñ-âåêòîðîì èç öåíòðà Ãàëàêòèêè~r è ïîëÿðíîé îñüþ äèñêà. Ðàññòîÿíèÿ îò öåíòðà
Ãàëàêòèêèr = 3, 8:5 è 20 êïê (ñíèçó ââåðõ). Íîðìèðóþùèå ìíîæèòåëè 0.04, 0.4 è
0.9. Ñïðàâà: Íàáëþäàåìûé àííèãèëÿöèîííûé ñèãíàë â ïëîñêîñòè äèñêà Ãàëàêòèêè èâ
âåðòèêàëüíîé ïëîòíîñòè â çàâèñèìîñòè îò óãëà� ìåæäó ëó÷îì çðåíèÿ è íàïðàâëåíèåì
íà öåíòð Ãàëàêòèêè.



� Îñòàòêè (ÿäðà) ñãóñòêîâ
Óïðîùåííûé êðèòåðèé ðàçðóøåíèÿ -

P

j
(� E)j � j E j

Ïîñòåïåííàÿ ïîòåðÿ ìàññû ! îñòàòêè ñãóñòêîâ. Ðàçìåð ÿäðà= ?
Rc=R ' 1:8 � 10� 5 (Gurevich, Zybin, 1995)
Rc=R ' 0:01(Diemand, Moore, Stadel, 2005)
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Çâåçäû.
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Gm2
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Êîíöåíòðàöèÿ çâåçä â ãàëî è áàëäæå:

nh;� (r ) = ( � h=m� )(r � =r)3

m� = 0:4M� , r � = 8:5 êïê, � h = 1:4 � 10� 5 M� =ïê 3 (Bell et. al, 2007)

nb;� (r ) = ( � b=m� ) exp
�
� (r=r b)1:6�

� b = 8M � =ïê 3, rb = 1 êïñ (Launhardt, Zylka, Mezger, 2002)



Ñîõðàíåíèå èçîòåðìè÷åñêîãî ïðîôèëÿ ïëîòíîñòè: M (t) / R(t), �� (t) / M (t)� 2
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�
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�
� 3

td
; � � M (t)=Mi

Ýôôåò äèñêà:
� (t) � M (t)=Mi = (1 + t=td)� 1=2

Ýôôåêò çâåçä:
� (t) = exp(� t=ts)

Ñóììàðíûé ýôôåêò:

� 2(t0) =
2td

(2td + ts) exp(2t0=ts) � ts



� Ðåçóëüòàòû ÷èñëåííûõ ðàñ÷åòîâ
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Âåðîÿòíîñòü âûæèâàíèÿ ñãóñòêà (êàê èñòî÷íèêà ãàììà-èçëó÷åíèÿ) â çàâèñèìîñòèîò
ðàññòîÿíèÿ îò öåíòðà Ãàëàêòèêèr è ñðåäíåé ïëîòíîñòè ñãóñòêà� â ñëó÷àÿõxc = 0:1
(ñëåâà) èxc = 0:05(ñïðàâà).



0 25 50 75 100 125 150 175
z, degree

0

10

20

30

40

50

I
an

n

0 25 50 75 100 125 150 175
z, degree

0

50

100

150

200

250

H
I

cl
+

I
H
L•

I
H

Ñëåâà: Íàáëþäàåìûé àííèãèëÿöèîííûõ ñèãíàë îò ñãóñòêîâ êàê ôóíêöèÿ óãëà� ìåæäó
ëèíèåé íàáëþäåíèÿ è íàïðàâëåíèåì íà öåíòð Ãàëàêòèêè. Äëÿ ñðàâíåíèÿ ïîêàçàí ñèãíàë
îò äèôôóçíîé òåìíîé ìàòåðèè. Ñïðàâà: Óñèëåíèå àííèãèëÿöèîííîãî ñèãíàëà
(I cl � I H)=IH.



� Òðàíñôîðìàöèÿ ôóíêöèè ìàññ ñãóñòêîâ
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Ôóíêöèÿ ìàññ ñãóñòêîâ è èõ îñòàòêîâ íà ðàññòîÿíèÿõ3 è 8:5 êïê îò öåíòðà
Ãàëàêòèêè. Ñïëîøíîé ëèíèåé ïîêàçàíà íà÷àëüíàÿ ôóíêöèÿ ìàññ.
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EGRETEGRET - Energetic Gamma Ray Experiment Telescope ( 30��MeV - 30��GeV)
onboard satellite COMPTONCOMPTON--GROGRO (Gamma Ray Observatory)
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