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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

�¥àª «ì­ë© ¬¨à - ¨¤¥ï

Lint - ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ­ è¨¬¨ ¯®«ï¬¨ ¨ §¥àª «ì­ë¬¨:

£à ¢¨â æ¨ï (®¡ï§ â¥«ì­®!)

�®§¬®¦­ë¥ ¯¥à¥­®à¬¨àã¥¬ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï:

Lint = ε
2
FµνF ′µν , Fµν - â¥­§®à ­ ¯àï¦¥­­®áâ¨

í«¥ªâà®¬ £­¨â­®£® ¯®«ï

Lint = η(H+H)(H ′+H ′), H - ¯®«¥ �¨££á 
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e+

e−

e+

e−

γ γ′×

< Ops | Lint | Ops ′ >= 2πεf ≡ δ

2
,

f = 8.7 · 104 MHz

P(oPs → oPs ′) = sin2(
δt

2
)e−λt

Br = λ

∫ ∞
0

P(oPs → oPs ′)dt =
δ2

2

1

λ2 + δ2
≈ δ2

2λ2
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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

�£à ­¨ç¥­¨ï ­  ε

�áç¥§­®¢¥­¨¥ o-Ps: ε < 1.55 · 10−7

�®á¬®«®£¨ï: ε < 3 · 10−10 - á¨¬¬¥âà¨ç­ ï ¬®¤¥«ì

�«¨èª®¬ á¨«ì­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¨¢¥¤¥â ª

¢ëà ¢­¨¢ ­¨î â¥¬¯¥à âãà,   ¤®«¦­® ¡ëâì T ′/T < 0.3.

(Z.Berezhiani, A.Lepidi, 2009)

�á¨¬¬¥âà¨ç­ ï ¬®¤¥«ì ε < 3 · 10−9 ·
√

m′

m
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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

�¨£­ « DAMA

8.9 σ

CoGent - ¯®¤â¢¥à¦¤¥­¨¥ ¬®¤ã«ïæ¨¨ ­  ãà®¢­¥ 2.9 σ
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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

DAMA, CoGent, CDMS, XENON100

�¡êïá­¥­¨¥ - à¥§¥àä®à¤®¢áª®¥ à áá¥ï­¨¥ §¥àª «ì­ëå ï¤¥à á

§ àï¤®¬ εeZ ­  ï¤à å ¬¨è¥­¨ (R.Foot, 2011)
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á § àï¤®¬ εeZ ­  ï¤à å ¬¨è¥­¨ (R.Foot)

dσ
dE
∼ 1

E2

ε
√
ηA′ ≈ (7± 3) · 10−10

mA′
mp
≈ 22± 8

�¨ ¯ §®­ í­¥à£¨© ®âáª®ª : DAMA - 2-8 keV, CoGent -

0.5-2 keV

XENON100, CDMS ­¥ ¢¨¤ïâ á¨£­ « : ¯®à®£ CDMS - 10

keV
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DAMA, COGENT: ε ∼ 10−9

�®§¬®¦­®áâ¨ ­®¢®£® íªá¯¥à¨¬¥­â  (S.Gninenko, P.

Crivelli et al, 2010): ε ∼ 10−9
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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

�ªá¯¥à¨¬¥­â

� à ¬ª å ¯à®¥ªâ  AEgIS ¡ë«® ¯à¥¤«®¦¥­® ¯à®¢¥áâ¨

íªá¯¥à¨¬¥­â (Crivelli, Gninenko et al, 2010) ¯® ¯®¨áªã

§ ¯à¥é¥­­ëå à á¯ ¤®¢ ®àâ®¯®§¨âà®­¨ï. �á­®¢­ ï æ¥«ì ¯à®¥ªâ 

- ¯®«ãç¥­¨¥ ¬ ªà®áª®¯¨ç¥áª¨å ª®«¨ç¥áâ¢  ­â¨¢¥é¥áâ¢ .

� ç «ì­ ï áâ ¤¨ï - ¯®«ãç¥­¨¥ ®àâ®¯®§¨âà®­¨ï. (á¢ï§ ­­®¥

á®áâ®ï­¨¥ e+e- á® á¯¨­®¬ 1)

�¤¥ï - ¨áª âì ¢®§¬®¦­®¥ ¨áç¥§­®¢¥­¨¥ ®àâ®¯®§¨âà®­¨ï ¨§

§ ¬ª­ãâ®£® ®¡ê¥¬ , ®ªàã¦¥­­®£® ª «®à¨¬¥âà®¬

(à¥£¨áâà¨àãîâáï ä®â®­ë ®â  ­­¨£¨«ïæ¨¨ o-Ps) (P.Crivelly,
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� ªâ®àë à¥ «ì­®© ãáâ ­®¢ª¨

� ¢ ªãã¬¥ ¤«ï ε = 10−9 ¨¬¥¥¬ δ = 1090 s−1

Br = λ

∫ ∞
0

P(oPs → oPs ′)dt =
δ2

2λ2
= 1.2 · 10−8

�â®«ª­®¢¥­¨ï á ¬®«¥ªã« ¬¨ ¢®§¤ãå 

�­¥è­¨¥ ¯®«ï: í«¥ªâà¨ç¥áª¨¥ ¨ ¬ £­¨â­ë¥

�â®«ª­®¢¥­¨ï á® áâ¥­ª ¬¨ ª «®à¨¬¥âà 
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�®à¬ã« : £ § + ¢­¥è­¥¥ ¯®«¥

Br =
δ2

2

λ+ w/2

λ

1

(λ+ w/2)2 + (∆− wRe)2

δ = 2 < Ops | Lint | Ops′ >= 4πεf ∼ 103s−1

λ = 7, 04 · 106s−1 - ®¡à â­®¥ ¢à¥¬ï ¦¨§­¨ o-Ps

w - ç áâ®â  áâ®«ª­®¢¥­¨© á £ §®¬

∆ = E ′ − E - à §­®áâì í­¥à£¨© (í­¥à£¨ï ¢­¥è­¥£® ¯®«ï, à §­®áâì ¬ áá ¤«ï ­¥á¨¬¬¥âà¨ç­®£®

á«ãç ï)

wRe = ηw, η =
q

4π
3mTσ

. η ∼ 3 ¤«ï � ∼ 300 K
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�¥àª «ì­ ï ¬ â¥à¨ï �®á¬®«®£¨ï �£à ­¨ç¥­¨ï ­  ε �®¢ë© íªá¯¥à¨¬¥­â

�ç¥â áâ®«ª­®¢¥­¨© á® áâ¥­ª ¬¨ - ¨¤¥ï

�® áâ®«ª­®¢¥­¨ï:

ρ =

(
ρ1 y

y∗ ρ2

)

�®á«¥ áâ®«ª­®¢¥­¨ï:

ρ =

∫
d3x

(
ψψ∗ ψ∗ψ′

ψψ′∗ ψ′ψ′∗

)
=

(
ρ1 0

0 ρ2

)
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ãç¥â  áâ®«ª­®¢¥­¨© á® áâ¥­ª ¬¨.

� áá¬®âà¥­® ¢«¨ï­¨¥ ¢­¥è­¨å ¯®«¥©.

�¨á«¥­­ë© à áç¥â ¢¥à®ïâ­®áâ¨ ¤«ï à¥ «ì­®£® íªá¯¥à¨¬¥­â  ¢

§ ¬ª­ãâ®¬ ®¡ê¥¬¥ á § ¤ ­­ë¬ à á¯à¥¤¥«¥­¨¥¬ ¯® áª®à®áâï¬
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