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Ïëàí

1 ßâëåíèÿ, óêàçûâàþùèå íà íåïîëíîòó Ñòàíäàðòíîé ìîäåëè

Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà

Áàðèîííàÿ àñèììåòðèÿ Âñåëåííîé

Ò¼ìíàÿ ìàòåðèÿ

Ò¼ìíàÿ ìàòåðèÿ è LHC

2 Äðóãèå ïðîáëåìû Ñòàíäàðòíîé ìîäåëè...
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè
ИI
ЯN
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Ñòàíäàðòíàÿ ìîäåëü: óñïåõè è ïðîáëåìû

Êàëèáðîâî÷íûå ïîëÿ (âçàèìîäåéñòâèÿ): γ , W±, Z , g
Òðè ïîêîëåíèÿ ìàòåðèè: L =

(
νL
eL

)
, eR ; Q =

(
uL
dL

)
, dR , uR

Îïèñûâàåò
I âñå ýêñïåðèìåíòû ñ ó÷àñòèåì ñèëüíûõ è ýëåêòðîñëàáûõ
âçàèìîäåéñòâèé

Íå îïèñûâàåò

I Íåéòðèííûå îñöèëëÿöèè

I Áàðèîííàÿ àñèììåòðèÿ

I Ò¼ìíàÿ ìàòåðèÿ (ΩDM)

I Ò¼ìíàÿ ýíåðãèÿ (ΩΛ)

I Èíôëÿöèÿ: R2, RH†H, . . .

I CP-ïðîáëåìà â ÊÕÄ:
íåòðèâèàëüíàÿ òîïîëîãèÿ, . . .

I Èåðàðõèÿ êàëèáðîâî÷íûõ
ìàcøòàáîâ: íåò íîâûõ

I Êâàíòîâàÿ ãðàâèòàöèÿ

ôèçèêà ÷àñòèö îáúÿñíÿåòñÿ ôèçèêîé íà ìàñøòàáå

äîëæíà îáúÿñíÿòü ýòî E ∼ 1/
√

GN ∼ 1019 ÃýÂ ?
Äìèòðèé Ãîðáóíîâ (ÈßÈ) 12 àïðåëÿ 2011 ÔÈÀÍ, Ìîñêâà 3 / 27



Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà
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Îñöèëëÿöèè íåéòðèíî: ìàññû è óãëû ñìåøèâàíèÿ

Ñîëíöå: p + p→ 2H + e+ + νe Çåìëÿ: 37Cl + νe→ 37Ar + e−

)θ(22sin
0.6 0.7 0.8 0.9 11

1.5

2

2.5

3

3.5

4
−310×

)2
eV

−
3

| (
10

2
m∆|

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 

MINOS 90%

MINOS 68%

MINOS best oscillation fit

Super−K 90%

Super−K L/E 90%

K2K 90%

http://hitoshi.berkeley.edu/neutrino/ arXiv:0806.2237

m1 > 0.008 ýÂ m2 > 0.05 ýÂ
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà
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Ïðîâåðêà ÑÌ: ïðÿìûå ïîèñêè ìàññû íåéòðèíî

3H→3 He + e + ν̄e
ÈÒÝÔ, 1980-1990-å

ãîäû

Êîñìîëîãèÿ: âêëàä â

ò¼ìíóþ ìàòåðèþ

mν̄e ∼ 20 ýÂ

ÈßÈ, 1990-2000-å ãîäû

mν̄e . 2 ýÂ

Êîñìîëîãèÿ: ðîñò ñòðóêòóð

∑i mνi . 0.5 ýÂ
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà
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Îãðàíè÷åíèÿ èç êîñìîëîãèè íà ìàññû íåéòðèíî

LRG+BAO+WMAP5+SNe+BAO CMB+Hubble measurements

∑mν < 0.28 eV (95% CL) ∑mν < 0.20 eV (95% CL)

0911.5291 0911.0976
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà
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Ïðèìåðû îáîáùåíèé ñ �ìàññèâíûìè� íåéòðèíî

L (5) =−Fαβ

4Λ L̄αH̃ ·H†Lc
β

+ h.c. , Λ < 2.8×1014 GeV ×
(

3·10−3 eV2

∆m2
atm

)1/2
.

Ïåðåíîðìèðóåìàÿ òåîðèÿ: ñòåðèëüíûå íåéòðèíî

Íàèáîëåå îáùèé âèä ñ 3-ìÿ ìàéîðàíîâñêèìè íåéòðèíî NI
LSM + N I i/∂NI− fIα L̄αNIH̃− MI

2 N
c
I NI +h.c.

Íîâûå ïàðàìåòðû ìîäåëè:

3 Ìàéîðàíîâñêèõ ìàññû Mi

15 Þêàâñêèõ êîíñòàíò
(Äèðàêîâñêàÿ ìàññîâàÿ ìàòðèöà MD = fIα〈H〉 èìååò 3 ìàññû,
6 óãëîâ ñìåøèâàíèÿ è 6 CP-íàðóøàþùèõ ôàç)
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Íåéòðèííûå îñöèëëÿöèè: íàðóøåíèå àðîìàòà
ИI
ЯN
ИR

ν ìàññû è ñìåøèâàíèå: ìåõàíèçì �êà÷åëåé� â fIαHN ILα

MI �MD = f v íåò èíôîðìàöèè î MI ! îïàñíîñòü: δm2
h ∝ M2

I

3 òÿæ¼ëûõ íåéòðèíî ñ ìàññàìè MI −MI
2 N

c
I NI +h.c.

Ìàññû ë¼ãêèõ íåéòðèíî Mν =−(MD)T 1
MI

MD
∝ f 2 v2

MI

UT MνU =

m1 0 0
0 m2 0
0 0 m3


Ñìåøèâàíèå: êàëèáðîâî÷íûé áàçèñ να = Uα iνi + θαINc

I

ñìåøèâàíèå àêòèâíîå-ñòåðèëüíîå θαI =
(MD)†

αI
MI

∝ f v
MI
� 1
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Áàðèîííàÿ àñèììåòðèÿ Âñåëåííîé
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Îòñóòñòâèå àíòèâåùåñòâà �������������3He/H p

4He

2 3 4 5 6 7 8 9 101

0.01 0.02 0.030.005

C
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B

B
B

N

Baryon-to-photon ratio η × 1010

Baryon density Ωbh2

D___
H
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5
7Li/H p

Yp

D/H p
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Áàðèîííàÿ àñèììåòðèÿ Âñåëåííîé
ИI
ЯN
ИR

Áàðèîãåíåçèñ

Óñëîâèÿ Ñàõàðîâà óñïåøíîãî áàðèîãåíåçèñà

B-íàðóøåíèå (L-íàðóøåíèå) ýëåêòðîñëàáûå ñôàëåðîíû

C- & CP-íàðóøåíèÿ

ýòè ïðîöåññû íåðàâíîâåñíû â ðàííåé Âñåëåííîé

Ïðè òåìïåðàòóðàõ 100 ÃýÂ. T . 1011 ÃýÂ ñîõðàíÿþòñÿ òîëüêî 3 êîìáèíàöèè,

í-ð

B−L , Le−Lµ , Le−Lτ

1) Ýëåêòðîñëàáûé áàðèîãåíåçèñ â ìíîãîõèããñîâñêèõ ìîäåëÿõ

Õèããñîâñêèé ïîòåíöèàë íåëüçÿ ïðîâåðèòü íà LHC...

2) Êîìïëåêñíîå ñêàëÿðíîå ïîëå: ìåõàíèçì Àôôëåêà�Äàéíà

Ðàáîòàåò íà ìàñøòàáå ýíåðãèé � 100 ÃýÂ...

3) Ëåïòîãåíåçèñ, ñòåðèëüíûå íåéòðèíî, . . .

Ðàáîòàåò íà ìàñøòàáå ýíåðãèé & 100 ÃýÂ...

Äìèòðèé Ãîðáóíîâ (ÈßÈ) 12 àïðåëÿ 2011 ÔÈÀÍ, Ìîñêâà 10 / 27



Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ò¼ìíîå ãàëî ãàëàêòèê: ïîëîãèå �êðèâûå âðàùåíèÿ�

v(R) =

√
G

M(R)

R

M(R) = 4π

∫ R

0
ρ(r)r2dr

1 kpc= 103 ïàðñåê =

3.3 òûñ.ñâ.ëåò

íàáëþäåíèÿ: v(R)' const

Âèäèìàÿ ìàòåðèÿ: âíóòðåííèå îáëàñòè v(R) ∝
√

R
âíåøíèå (�ïóñòûå�) îáëàñòè v(R) ∝ 1/

√
R
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ñòðîåíèå Ìëå÷íîãî Ïóòè

ãàëî òàêæå ïîìîãàåò
ñòàáèëèçèðîâàòü ñòðóêòóðó
äèñêà . . .
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ò¼ìíàÿ ìàòåðèÿ â öåíòðå ñêîïëåíèé ãàëàêòèê

ãðàâèòàöèîííîå ëèíçèðîâàíèå âîññòàíîâëåíèå ëèíçû ïî èçîáðàæåíèþ
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ò¼ìíàÿ ìàòåðèÿ â ñêîïëåíèÿõ ãàëàêòèê
X -ëó÷è îò ãîðÿ÷åãî ãàçà èç öåíòðîâ ñêîïëåíèé

∆P
∆R

=−µne(R)mp
GM(R)

R2 , M(R) = 4π

∫ R

0
ρ(r)r2dr , P(R) = ne(R)Te(R)

ãàëàêòèêè â ñêîïëåíèÿõ
ãàëàêòèêè âèðèàëèçîâàíû,

U + 2Ek = 0

3M〈υ2
r 〉= G

M2

R

υr � ïðîåêöèÿ ñêîðîñòè íà ëó÷

çðåíèÿ

Ãàëàêòèêà Ìëå÷íûé ïóòü: äâèæåíèå ê öåíòðó ñâåðõñêîïëåíèÿ Äåâû
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ñòîëêíóâøèåñÿ ñêîïëåíèÿ (Bullet cluster) 1E0657-558

Ãðàâèòàöèîííîå ëèíçèðîâàíèå Ðåíòãåíîâñêîå èçëó÷åíèå

M ' 10×m

ïðèâåä¼í ìàñøòàá â 700 òûñ.ñâ.ëåò

ñêîïëåíèÿ óäàëåíû íà ðàññòîÿíèå 5 ìëðä.ñâ.ëåò
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ñâîéñòâà ò¼ìíîé ìàòåðèè p = 0

Åñëè íîâûå ÷àñòèöû (X ):
1 ñòàáèëüíûå íà êîñìîëîãè÷åñêèõ âðåìåíàõ (t � 14 ìëðä. ëåò)
2 íåðåëÿòèâèñòñêèå ñåé÷àñ è ðàíüøå (ýïîõà ðàâåíñòâà âêëàäîâ â

ýíåðãèþ ìàòåðèè è ðàäèàöèè, T ' 1 ýÂ, vRD/MD . 10−3)
3 (ïî÷òè) áåññòîëêíîâèòåëüíû
4 (ïî÷òè) ýëåêòðè÷åñêè íåéòðàëüíû

Åñëè áûëè â òåðìàëüíîì ðàâíîâåñèè: MX & 1 êýÂ

Åñëè íåò: äëÿ áîçîíîâ

λ = 2π/(MXvX), â ãàëàêòèêàõ vX ∼ 0.5×10−3 −→MX & 3×10−22 ýÂ

äëÿ ôåðìèîíîâ

ïðèíöèï Ïàóëè: MX & 750 ýÂ

f (p,x) =
ρX(x)

MX

· 1(√
2πMXvX

)3 ·e
− p2

2M2
Xv2

X

∣∣∣∣∣
p=0

≤ gX

(2π)3
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Âûâîäû èç íàáëþäåíèé

Èòàê, Âñåëåííàÿ îäíîðîäíà, èçîòðîïíà,

ðàñøèðÿåòñÿ è �ãîðÿ÷àÿ�...

Âûâîäû
èíòåðâàë ìåæäó ñîáûòèÿìè ìîäèôèöèðóåòñÿ

∆s2 = c2 ∆t2−a2 (t)∆~x2

â ÎÒÎ ðàñøèðåíèå îïèñûâàåòñÿ óðàâíåíèåì Ôðèäìàíà

(
ȧ
a

)2

= H2 (t) =
8π

3
G ρ

ïëîòíîñòü
ýíåðãèè

ρ
ïëîòíîñòü
ýíåðãèè = ρðàäèàöèÿ + ρ

îáû÷íîå
âåùåñòâî + ρ

ò¼ìíàÿ
ìàòåðèÿ + . . .

â ïðîøëîì Âñåëåííàÿ áûëà �ïëîòíåå� è �ãîðÿ÷åå�, áûëà
ýëåêòðîìàãíèòíàÿ ïëàçìà

ρâåùåñòâî ∝ 1/a3(t) , ρðàäèàöèÿ ∝ 1/a4(t)

íàä¼æíî çíàåì âïëîòü äî T ∼ 1ÌýÂc2/k ∼ 10ìëðä.Ê
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
ИI
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Èçìåðåíèå a(t) äà¼ò ñîñòàâ ñîâðåìåííîé Âñåëåííîé

∆s2 = c2 ∆t2−a2 (t)∆~x2 Èçìåíÿåòñÿ çàêîí ðàñïðîñòðàíåíèÿ ñâåòà
Êàê ìû åãî ïðîâåðÿåì?
Èçìåðÿÿ ðàññòîÿíèå L äî îáúåêòà!

Èçìåðÿÿ óãëîâîé ðàçìåð θ îáúåêòà èçâåñòíîãî ðàçìåðà d
îäíîòèïíûå ãàëàêòèêè

θ =
d
L

Èçìåðÿÿ óãëîâîé ðàçìåð θ(t) cîîòâåòñòâóþùèé èçâåñòíî êàê èçìåíÿþùåìóñÿ
ðàçìåðó d(t)

θ(t) =
d(t)

L

Èçìåðÿÿ ÿðêîñòü îáúåêòà J çàäàííîé ñâåòèìîñòè F �ñòàíäàðòíûå ñâå÷è�

J =
F

4π L2

Â ðàñøèðÿþùåéñÿ Âñåëåííîé âñå ýòè çàêîíû ìîäèôèöèðóþòñÿ
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
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Ðîëü ò¼ìíîé ìàòåðèè â îáðàçîâàíèè ñòðóêòóð

Ðåëèêòîâîå èçëó÷åíèå íå ñîâñåì èçîòðîïíî.

1 Äâèæåíèå Çåìëè îòíîñèòåëüíî
ÐÈ

∆Täèïîëü
T

∼ 10−3

2 Åñòü áîëåå ñëîæíàÿ
àíèçîòðîïèÿ!

∆T
T
∼ 10−4−10−5

Áûëè íåîäíîðîäíîñòè âåùåñòâà ∆ρ/ρ ∼∆T/T
â ýïîõó ðåêîìáèíàöèè � îáðàçîâàíèÿ
âîäîðîäà

Ãðàâèòàöèîííàÿ (äæèíñîâñêàÿ)
íåóñòîé÷èâîñòü ñèñòåìû ïîêîÿùèõñÿ ÷àñòèö
=⇒ ∆ρ/ρ ↗ =⇒ ãàëàêòèêè

Îäíè áàðèîíû íå óñïåëè áû! Ïîñëå
ðåêîìáèíàöèè îíè �ñâàëèâàþòñÿ� â
ãðàâèòàöèîííûå ÿìû, îáðàçîâàííûå ò¼ìíîé
ìàòåðèåé.
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
ИI
ЯN
ИR

Äàííûå èç êîñìîëîãèè

0.0 0.5 1.0

0.0

0.5

1.0

1.5

2.0

F
la
tBAO

CMB

SNe

No Big Bang

îöåíêà ìàññû â ãàëàêòèêàõ, ñêîïëåíèÿõ è
äðóãèõ ñòðóêòóðàõ

ïîïðàâêè ê çàêîíó Õàááëà : ñâÿçü ìåæäó
êðàñíûì ñìåùåíèåì è êðèâûìè áëåñêà äëÿ
�ñòàíäàðòíûõ ñâå÷� (SNe Ia)

àíèçîòðîïèÿ ÐÈ, ðàñïðîñòðàí¼ííîñòü
ñòðóêòóð (BAO, è äð.)

ρ
ïëîòíîñòü
ýíåðãèè (t0)≡ ρc ≈ 0.53×10−5 ÃýÂc2

ñì3

âêëàä ÐÈ: Ωγ ≡
ργ

ρc
= 0.5×10−4

Âêëàä áàðèîíîâ (âîäîðîä, ãåëèé): ΩB ≡ ρB
ρc

= 0.046

Âêëàä íåéòðèíî: Ων ≡
∑ρνi

ρc
< 0.01

Âêëàä ò¼ìíîé ìàòåðèè: ΩDM ≡ ρDM
ρc

= 0.23
Âêëàä ò¼ìíîé ýíåðãèè: ΩΛ ≡ ρΛ

ρc
= 0.73
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ
ИI
ЯN
ИR

Êàíäèäàòû â ÷àñòèöû ò¼ìíîé ìàòåðèè

WIMPs (íåéòðàëèíî, . . . )

ñòåðèëüíûå íåéòðèíî

àêñèîí

ãðàâèòèíî

Òÿæ¼ëûå ðåëèêòû

(Òîïîëîãè÷åñêèå) äåôåêòû

Massive Astrophysical Compact Halo Objects

Ïåðâè÷íûå ÷¼ðíûå äûðû (îñòàòêè)
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ è LHC
ИI
ЯN
ИR

Weakly Interacting Massive Particles → LHC

Ïðåäïîëîæåíèå:

1 íåò X − X̄ àñèììåòðèè nX = nX̄

2 ïðè T < MX â òåðìàëüíîì ðàâíîâåñèè â ïëàçìå

nX = nX̄ = gX

(
MXT
2π

)3/2

e−MX/T

XX̄ −→ ë¼ãêèå ÷àñòèöû

òåìïåðàòóðà çàêàëêè Tf

1
nX

1
〈σannv〉

= H−1(Tf )−→ Tf =
MX

ln
(

gXMXM∗Plσ0

(2π)3/2

) .

Bethe formula: s-wave: σann = σ0
v
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ è LHC
ИI
ЯN
ИR

Weakly Interacting Massive Particles

ïîñëå çàêàëêè: nX(Tf ) =
T 2

f
M∗Pl σ0

ñîâðåìåííàÿ êîíöåíòðàöèÿ:

nX(T0) =
(

a(Tf )
a(T0)

)3
nX(Tf ) =

(
s0

s(Tf )

)
nX(Tf ) ∝

1
Tf

X + X̄ âêëàä â ñîâðåìåííóþ ïëîòíîñòü ýíåðãèè:

ΩX = 2
MXnX(T0)

ρc
= 7.6

s0 ln
(

gXM∗PlMXσ0

(2π)3/2

)
ρcσ0MPl

√
g∗(Tf )

= 0.1 ·

(
(10 TeV)−2

σ0

)
0.3√
g∗(Tf )

ln

(
gXM∗PlMXσ0

(2π)3/2

)
· 1
2h2
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ è LHC
ИI
ЯN
ИR

Ìàññèâíûå ñëàáîâçàèìîäåéñòâóþùèå ÷àñòèöû → LHC

σñëàáîå = G2
F M2

Z

X + X̄ âêëàä â ñîâðåìåííóþ ïëîòíîñòü ýíåðãèè:

ΩX = 2MXnX(T0)
ρc

' 0.1×
(

0.01×σñëàáîå
σàííèãèëÿöèè

)
σñëàáîå � ñëàáûå âçàèìîäåéñòâèÿ � ýíåðãèè E ∼ 100 ÃýÂ

σàííèãèëÿöèè � �ñâåðõ�ñëàáûå âçàèìîäåéñòâèÿ � ýíåðãèè E & 1-10 TýÂ

áëèçêèå ìàñøòàáû � �íàòóðàëüíàÿ� ò¼ìíàÿ ìàòåðèÿ

íàòóðàëüíî �ë¼ãêàÿ� äëÿ LHC óíèòàðíîñòü. . .

ñå÷åíèå íå áîëüøå ãåîìåòðè÷åñêîãî � σ0 .
4π

M2
X
−→MX . 100 ÒýÂ

Íàéòè �íàòóðàëüíóþ� ò¼ìíóþ ìàòåðèþ íà LHC âåñüìà âåðîÿòíî
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ è LHC
ИI
ЯN
ИR

WIMPS íà LHC

ñå÷åíèå ðîæäåíèÿ AB→ XX ìàñøòàáà ñëàáîãî

Íå îáÿçàòåëüíî �ìíîãî� íîâûõ ÷àñòèö íà LHC

Ïîäõîäÿùàÿ îáëàñòü ïàðàìåòðîâ ìîäåëåé êàê ïðàâèëî óæå

(î÷åíü) ñèëüíî çàêðûòà è íè÷åì äðóãèì íå âûäåëåíà

Ïîäîéä¼ò âñåãî îäíà ÷àñòèöà!

L =
1
2

∂µS∂
µS− 1

2
m2

sS2−λS4−ξS2H†H

Íå îáÿçàòåëüíî èñêàòü (íàéòè) íà LHC
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Íåïîëíîòà Ñòàíäàðòíîé ìîäåëè Ò¼ìíàÿ ìàòåðèÿ è LHC
ИI
ЯN
ИR

Ò¼ìíàÿ ìàòåðèÿ: Ïðÿìûå ïîèñêè

WIMPs (neutralino, . . . ) recoil energy, (LHC, Baksan, PAMELA,

. . . )

sterile neutrinos sharp line: νs→ νa + γ , (XMM, INTEGRAL, . . . )

light scalar �eld

axion oscillations a + B→ γ

gravitino missing energy at LHC, . . .

Heavy relics if unstable � Cosmic rays

(Topological) defects lensing of CMB

Massive Astrophysical Compact Heavy Objects microlensing

Primordial black hole remnants Cosmic rays
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Äðóãèå ïðîáëåìû Ñòàíäàðòíîé ìîäåëè...
ИI
ЯN
ИR

×òî åù¼ áûëî áû èíòåðåñíî îáúÿñíèòü

Êâàäðàòè÷íûå ðàñõîäèìîñòè � ñòàáèëüíîñòü ìàññû áîçîíà

Õèããñà

Èåðàðõèÿ ìàñøòàáîâ âçàèìîäåéñòâèé MW �MPl ?

Λ�M4
Pl ,M

4
W ,Λ4

QCD ?

ΩΛ 6= 0 ?

ΩB ∼ ΩDM ∼ ΩΛ ?
δT 2

CMB
T 2

CMB
∼∆B ∼ 10−10 ?

θGµνGλρεµνλρ , θ < 10−9 ?

me�mτ �mtop ?

. . .

Íåò ðåäêèõ ïðîöåññîâ ñ íàðóøåíèåì àðîìàòîâ (FCNC, etc), ïðîòîí

ñòàáèëåí, . . . Ñðàçó �ìíîãî� èëè ñîâñåì ìàëî íîâîé ôèçèêè
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