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20 ëåò îòêðûòèé â ôèçèêå ÷àñòèö è êîñìîëîãèè,
Íîáåëåâñêèå ïðåìèè. . .
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�Íàøè� Íîáåëåâñêèå ïðåìèè çà 20 ëåò

1992: to Georges Charpak "for his invention and development of

particle detectors, in particular the multiwire proportional

chamber"

1993: jointly to Russell A. Hulse and Joseph H. Taylor Jr. "for

the discovery of a new type of pulsar, a discovery that has

opened up new possibilities for the study of gravitation"

1995: "for pioneering experimental contributions to lepton

physics"jointly with one half to Martin L. Perl "for the

discovery of the tau lepton"and with one half to Frederick

Reines "for the detection of the neutrino".

1998: fractional charge excitations

1999: jointly to Gerardus 't Hooft and Martinus J.G. Veltman

"for elucidating the quantum structure of electroweak

interactions in physics"
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�Íàøè� Íîáåëåâñêèå ïðåìèè çà 20 ëåò

2001: Bose-Einstein condensate

2002: divided, one half jointly to Raymond Davis Jr. and Masatoshi

Koshiba "for pioneering contributions to astrophysics, in

particular for the detection of cosmic neutrinos"and the other

half to Riccardo Giacconi "for pioneering contributions to

astrophysics, which have led to the discovery of cosmic X-

ray sources"

2003: theory of superconductors and super�uids

2004: jointly to David J. Gross, H. David Politzer and Frank

Wilczek "for the discovery of asymptotic freedom in the

theory of the strong interaction"

2005: coherence in scattering
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�Íàøè� Íîáåëåâñêèå ïðåìèè çà 20 ëåò

2006: jointly to John C. Mather and George F. Smoot "for their

discovery of the blackbody form and anisotropy of the cosmic

microwave background radiation"

2008: one half awarded to Yoichiro Nambu "for the discovery of the

mechanism of spontaneous broken symmetry in subatomic

physics the other half jointly to Makoto Kobayashi and

Toshihide Maskawa "for the discovery of the origin of the

broken symmetry which predicts the existence of at least

three families of quarks in nature"

2011: one half awarded to Saul Perlmutter, the other half jointly to

Brian P. Schmidt and Adam G. Riess "for the discovery of the

accelerating expansion of the Universe through observations

of distant supernovae"

Äìèòðèé Ãîðáóíîâ (ÈßÈ) 5 Íîÿáðÿ 2013 CERN, Æåíåâà 5 / 41



Ïëàí
ИI
ЯN
ИR

�Íàøè� Íîáåëåâñêèå ïðåìèè çà 20 ëåò

2013: to Francois Englert and Peter W. Higgs �for the

theoretical discovery of a mechanism that contributes to our

understanding of the origin of mass of subatomic particles,

and which recently was con�rmed through the discovery of

the predicted fundamental particle, by the ATLAS and CMS

experiments at CERN's Large Hadron Collider�
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100 ëåò ôèçèêå ÷àñòèö: êîñìè÷åñêèå ëó÷è !

Îòêðûòèå: Âèêòîð Ãåññ, 1912ã.

Ñïîíòàííûé ýëåêòðè÷åñêèé òîê â
ãàçàõ

Íàáëþäàëñÿ äàæå â ñâèíöîâîé êàìåðå

Òîê ðàñò¼ò ñ âûñîòîé! ↗5300ì
Ýôôåêò íå îò Ñîëíöà!

1932ã. îòêðûò ïîçèòðîí e+ �àíòè�

1937ã. îòêðûòû ìþîíû µ+ µ− è èõ
ðàñïàä 2-å ïîêîëåíèå

1947ã. îòêðûòû π-ìåçîíû àäðîíû,
ìíîæåñòâåííîå ðîæäåíèå

1955ã. îòêðûòû K -ìåçîíû è
íåéòðàëüíûå ãèïåðîíû �ñòðàííîñòü�
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Ïðåìèè ïî àñòðîôèçèêå è êîñìîëîãèè

Çà âîçìîæíîñòü ïðîâåðêè ãðàâèòàöèè

1993: jointly to Russell A. Hulse and Joseph H. Taylor Jr. �for the

discovery of a new type of pulsar, a discovery that has opened up new

possibilities for the study of gravitation�

Çà àíèçîòðîïèþ ðåëèêòîâîãî èçëó÷åíèÿ (ÐÈ)

2006: jointly to John C. Mather and George F. Smoot �for their

discovery of the blackbody form and anisotropy of the cosmic

microwave background radiation�

Çà óñêîðåííîå ðàñøèðåíèå (ò¼ìíàÿ ýíåðãèÿ?)

2011: one half awarded to Saul Perlmutter, the other half jointly to

Brian P. Schmidt and Adam G. Riess �for the discovery of the

accelerating expansion of the Universe through observations of distant

supernovae�
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Äàííûå èç êîñìîëîãèè
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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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Âñåëåííàÿ çàïîëíåíà �ãîðÿ÷èìè� ôîòîíàìè
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Àíèçîòðîïèÿ ÐÈ è îáðàçîâàíèå ñòðóêòóð âî Âñåëåííîé

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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Àíèçîòðîïèÿ ÐÈ (Planck) H0,ΩDM ,ΩB,ΩΛ,∆R,ns
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Äàííûå èç êîñìîëîãèè: �ñàõàðîâñêèå� îñöèëëÿöèè
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Âêëàä ò¼ìíîé ìàòåðèè: ΩDM ≡ ρDM
ρc

= 0.23
Âêëàä ò¼ìíîé ýíåðãèè: ΩΛ ≡ ρΛ

ρc
= 0.73
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Îñíîâíûå ïðåäñòàâëåíèÿ î Âñåëåííîé: ðàñøèðÿåòñÿ

Äîïïëåðîâñêîå �ïîêðàñíåíèå� ñâåòà L ∝ a(t)

n ∝ a−3(t)

H(t) = ȧ(t)
a(t)

ïàðàìåòð

Õàááëà

çàêîí

Õàááëà

H(0) r = vr
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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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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−→ J =
F

4π L2(1 + z)(1 + z)

ýíåðãèÿ

âðåìÿ×ïëîùàäü

Â ðàñøèðÿþùåéñÿ Âñåëåííîé âñå ýòè çàêîíû ìîäèôèöèðóþòñÿ
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Ðåçóëüòàòû ïî ñâåðõíîâûì òèïà Ia: ä > 0

∆(m−M) = 5log
rph

rph(Ωc = 0.8,ΩM = 0.2)
ä =−const× (ρ + 3p)
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Ïðåìèè çà ëåïòîíû

Çà îòêðûòèå τ-ëåïòîíà è ðåãèñòðàöèþ íåéòðèíî

1995: �for pioneering experimental contributions to lepton physics�

jointly with one half to Martin L. Perl �for the discovery of the tau

lepton� and with one half to Frederick Reines �for the detection of the

neutrino�

Çà âêëàä â àñòðîôèçèêó è ðåãèñòðàöèþ êîñìè÷åñêèõ íåéòðèíî

2002: divided, one half jointly to Raymond Davis Jr. and Masatoshi

Koshiba �for pioneering contributions to astrophysics, in particular for

the detection of cosmic neutrinos� and the other half to Riccardo

Giacconi �for pioneering contributions to astrophysics, which have led

to the discovery of cosmic X-ray sources�
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Çàðÿæåííûé ëåïòîí òðåòüåãî ïîêîëåíèÿ

mτ ≈ 1.8ÃýÂ

(SLAC, 1975) (NP 1995)

e+ + e− −→ τ
+ + τ

−

τ-ëåïòîí (òàîí) ττ ∼ 10−12 ñ

íåòðèâèàëüíîå ñâîéñòâî:

ðàñïàäû â àäðîíû! (> 50%)
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Ðîëü íåéòðèíî â ñëàáûõ âçàèìîäåéñòâèÿõ

Â.Ïàóëè (1930)

Ñîõðàíÿåò ýíåðãèþ (ýêñïåðèìåíòàëüíî
ñïåêòð ïîçèòðîíîâ íåïðåðûâåí!)

ßäðî(A,Z )→ßäðî(A,Z + 1) + e + ?

Ñîõðàíÿåò óãëîâîé ìîìåíò (ôåðìèîíû!

ñïèíû! Âñïîìèíàåì õèìèþ. . . ïðèíöèï

Ïàóëè)

n → p + e + ν̄e

Ñïèíû:
1
2
→ 1

2
1
2

1
2

Ñîõðàíÿåò ëåïòîííûå ÷èñëà Le, Lµ , Lτ

Le (n) = 0 =⇒ Le (ν̄e) =−Le (e)

Le (νe) =−Le (ν̄e)
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Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ
ИI
ЯN
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Ñâîéñòâà íåéòðèíî

íåéòðèíî î÷åíü ë¼ãêèå (â Ñòàíäàðòíîé ìîäåëè � áåçìàññîâû!)
àíòèíåéòðèíî ν̄e ðîæäàþòñÿ â β−-ðàñïàäå (âìåñòå ñ ýëåêòðîíîì), ∆Le = 0

â ÿäðå: n → p + e− + ν̄e

íåéòðèíî νe ðîæäàþòñÿ â β +-ðàñïàäå (âìåñòå ñ ïîçèòðîíîì), ∆Le = 0

â ÿäðå: p → n + e+ + νe

âñ¼ çàâèñèò îò ýíåðãåòè÷åñêîãî áàëàíñà
(íóæíî ðîäèòü ýëåêòðîí(ïîçèòðîí) çà ñ÷¼ò mn−mp è ðàçíèöû ýíåðãèé ñâÿçè):

Mÿäðà (A,Z ) = Z mp + (A−Z ) mn−Eñâÿçè (A,Z )

Âàæíåéøåå ñâîéñòâî:

ó÷àñòâóþò òîëüêî â ñëàáûõ âçàèìîäåéñòâèÿõ
(W +→ e+ νe, W +→ e− ν̄e, Z → νe ν̄e)

âçàèìîäåéñòâóþò î÷åíü ðåäêî!
ν̄e èç ÿäåðíîãî ðåàêòîðà ïðîëåòàåò â âîäå áåç
ñòîëêíîâåíèé áîëåå 1013 êì
ñòîëüêî ñâåò ïðîëåòèò çà ãîä!!!
1) îòîâñþäó âûëåòàåò, 2) íóæíû áîëüøèå äåòåêòîðû
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Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ
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Ñâîéñòâà íåéòðèíî

íåéòðèíî î÷åíü ë¼ãêèå (â Ñòàíäàðòíîé ìîäåëè � áåçìàññîâû!)
àíòèíåéòðèíî ν̄e ðîæäàþòñÿ â β−-ðàñïàäå (âìåñòå ñ ýëåêòðîíîì), ∆Le = 0

â ÿäðå: n → p + e− + ν̄e

íåéòðèíî νe ðîæäàþòñÿ â β +-ðàñïàäå (âìåñòå ñ ïîçèòðîíîì), ∆Le = 0

â ÿäðå: p → n + e+ + νe

âñ¼ çàâèñèò îò ýíåðãåòè÷åñêîãî áàëàíñà
(íóæíî ðîäèòü ýëåêòðîí(ïîçèòðîí) çà ñ÷¼ò mn−mp è ðàçíèöû ýíåðãèé ñâÿçè):

Mÿäðà (A,Z ) = Z mp + (A−Z ) mn−Eñâÿçè (A,Z )

Âàæíåéøåå ñâîéñòâî:

ó÷àñòâóþò òîëüêî â ñëàáûõ âçàèìîäåéñòâèÿõ
(W +→ e+ νe, W +→ e− ν̄e, Z → νe ν̄e)

âçàèìîäåéñòâóþò î÷åíü ðåäêî!
ν̄e èç ÿäåðíîãî ðåàêòîðà ïðîëåòàåò â âîäå áåç
ñòîëêíîâåíèé áîëåå 1013 êì
ñòîëüêî ñâåò ïðîëåòèò çà ãîä!!!
1) îòîâñþäó âûëåòàåò, 2) íóæíû áîëüøèå äåòåêòîðû
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Ðåãèñòðàöèÿ ñîëíå÷íûõ íåéòðèíî

Ñîëíöå: p + p→ 2H + e+ + νe Çåìëÿ: 71Ga + νe→ 71Ge + e−
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Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ
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Íåéòðèíî è àíòèíåéòðèíî âîêðóã íàñ
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Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ
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Ðåãèñòðàöèÿ àòìîñôåðíûõ è êîñìè÷åñêèõ íåéòðèíî

OPERA: ïîÿâëåíèå ντ

×åðåíêîâñêèé
ñâåò îò e è µ

(v÷àñòèöû <
c â ñðåäå )

← SuperK

Ïîòîêµ ↑<Ïîòîêµ ↓

Ïîòîêe ↑= Ïîòîêe ↓
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Òåîðåòè÷åñêèå ïðåìèè ïî ôèçèêå ÷àñòèö
ИI
ЯN
ИR

Ïëàí

1 Îòêðûòèÿ è ïðåìèè ïî àñòðîôèçèêå è êîñìîëîãèè

2 Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ

3 Òåîðåòè÷åñêèå ïðåìèè ïî ôèçèêå ÷àñòèö

4 �ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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Òåîðåòè÷åñêèå ïðåìèè ïî ôèçèêå ÷àñòèö
ИI
ЯN
ИR

Òåîðåòè÷åñêèå ïðåìèè ïî ÑÌ

Çà àäðîíèçàöèþ è ïðåäñêàçàíèå òðåòüåãî ïîêîëåíèÿ êâàðêîâ
2008: one half awarded to Yoichiro Nambu �for the discovery of the mechanism of
spontaneous broken symmetry in subatomic physics�, the other half jointly to
Makoto Kobayashi and Toshihide Maskawa �for the discovery of the origin of the
broken symmetry which predicts the existence of at least three families of quarks in
nature�

Çà îòêðûòèå àñèìïòîòè÷åñêîé ñâîáîäû â ñèëüíûõ âçàèìîäåéñòâèÿõ
2004: jointly to David J. Gross, H. David Politzer and Frank Wilczek �for the
discovery of asymptotic freedom in the theory of the strong interaction�

Ñàìîñîãëàñîâàííîñòü êâàíòîâî-ïîëåâîãî îïèñàíèÿ òåîðèè ñî
ñïîíòàííî-íàðóøåííîé êàëèáðîâî÷íîé ñèììåòðèåé (õèããñîâñêèé ìåõàíèçì)

1999: jointly to Gerardus 't Hooft and Martinus J.G. Veltman �for elucidating the

quantum structure of electroweak interactions in physics�
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Òåîðåòè÷åñêèå ïðåìèè ïî ôèçèêå ÷àñòèö
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Ìàòåìàòè÷åñêèé àïïàðàò êâàíòîâîé òåîðèè
�ðàáîòàåò� äëÿ ìîäåëåé ñî ñïîíòàííî íàðóøåííîé
ñèììåòðèåé: ýëåêòðîñëàáàÿ ìîäåëü
(âàêóóì íàðóøàåò ñèììåòðèþ)

Ñëàáûå ïðîöåññû ìîãóò áûòü èñòî÷íèêîì
CP-íàðóøåíèÿ â ìåçîíàõ, åñëè . . . åñòü õîòÿ áû òðè
ïîêîëåíèÿ êâàðêîâ

�òÿæ¼ëûå� îáúåêòû èç �ë¼ãêèõ� ôåðìèîíîâ:
ìåçîíû q̄1q2 è áàðèîíû q1q2q3

ïèîí π+ ïðîòîí p íåéòðîí n

äëÿ ñèëüíûõ è ñëàáûõ âçàèìîäåéñòâèé åñòü
àñèìïòîòè÷åñêàÿ ñâîáîäà
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
ИI
ЯN
ИR

Ïëàí

1 Îòêðûòèÿ è ïðåìèè ïî àñòðîôèçèêå è êîñìîëîãèè

2 Îòêðûòèÿ è ïðåìèè çà èññëåäîâàíèÿ ëåïòîíîâ

3 Òåîðåòè÷åñêèå ïðåìèè ïî ôèçèêå ÷àñòèö

4 �ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
ИI
ЯN
ИR

�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè

1992: to Georges Charpak "for his invention and development of

particle detectors, in particular the multiwire proportional

chamber"

2013: to Francois Englert and Peter W. Higgs �for the

theoretical discovery of a mechanism that contributes to our

understanding of the origin of mass of subatomic particles,

and which recently was con�rmed through the discovery of

the predicted fundamental particle, by the ATLAS and CMS

experiments at CERN's Large Hadron Collider�
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
ИI
ЯN
ИR

Äåòåêòèðîâàíèå ÷àñòèö: 1992 to Georges Charpak

"for his invention and development of particle detectors, in particular

the multiwire proportional chamber"
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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Ìåõàíèçì Õèããñà: ñïîíòàííîå íàðóøåíèå

SU(3)s×SU(2)w ×U(1)Y −→ SU(3)s×U(1)em

φr � ìàññèâíî

φθ � áåçìàññîâî,

∂µφθ �ïîãëîùàåòñÿ� Aµ

H : (0,2,1)−→ 〈H†H〉=
υ2

2

L self = DµH†DµH−λ

(
H†H− υ2

2

)2

DµH ≡
(

∂µ − ig
τa

2
V a

µ − ig′
YH

2
Aµ

)
H

óíèòàðíàÿ êàëèáðîâêà: H =

(
0

υ√
2

+ h√
2

)
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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Êàê ïðîâåðèòü ðîëü áîçîíà Õèããñà?

óíèòàðíàÿ êàëèáðîâêà: H =

(
0

υ√
2

+ h√
2

)

DµH†DµH −→ g2

4
h2|W−

µ |2 +
g2 + g

′2

8
h2ZµZ µ

+
g2

2
υh|W−

µ |2 +
g2 + g

′2

4
υhZµZ µ

Yf Hf̄ f −→ Yf hf̄ f/
√

2 =
mf

υ
hf̄ f

×èñëåííî:

g ≈ 0.5, g′ ≈ 0.3, Yf = 10−6−10−2, Yb ≈ 1/60, Yt ≈ 0.6

1 Íîâàÿ (5-ÿ) êîðîòêîäåéñòâóþùàÿ ñèëà:

Þêàâñêèé ïîòåíöèàë ìåæäó ìàññèâíûìè ÷àñòèöàìè!

2 Óíèòàðíîñòü â WW →WW
3 Óíèòàðíîñòü â f f̄ →WW
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Ïåðñïåêòèâà: Ïðîâåðêà ìåõàíèçìà ïîëó÷åíèÿ ìàññ

ht̄t :

×èñëåííî:

gW ≈ 0.5, gY ≈ 0.3,

Yf = 10−6−10−2,

Yb ≈ 1/40, Yt ≈ 1

M.Peskin (2012)
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Ïåðñïåêòèâà: Ïðîâåðêà ìåõàíèçìà ñïîíòàííîãî
íàðóøåíèÿ ýëåêòðîñëàáîé ñèììåòðèè

h3 , h4: ÒÎËÜÊÎ h∗hh: pp→ hh + . . .

−1.1 <∆λhhh < 1.6 LHC (14TeV), Lpp = 600 ôá−1

−0.62 <∆λhhh < 0.74 SLHC, Lpp = 6000 ôá−1

∆λhhh ≡ λ/λSM−1
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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Multiple point principle: D.Bennett, H.Nielsen (1993), C.Froggatt, H.Nielsen (1995)

Fermi Planck Fermi Planck

φ φ

VV

Λ' 0 ⇒ V (φEW ) = V (φPlanck ) = 0⇒ λ (µPlanck ) = 0

ãðàâ. ìàøòàá⇒ V ′ (φEW ) = V ′ (φPlanck ) = 0⇒ dλ (µ)

d log µ
(µPlanck ) = 0

Ýòî äà¼ò mt ' 173 ÃýÂ è mh ' 129 ÃýÂ
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Êðèòè÷åñêàÿ òî÷êà: ïîÿâëåíèå íîâîãî âàêóóìà
Strong coupling

Zero

MFermi MPlanck

Scale Μ

Mh=mmin

Mh=mmax

signHΛL Λ

F.Bezrukov, M.Shaposhnikov (2009)
F.Bezrukov, D.G. (2011)
F.Bezrukov, M.Kalmykov, B.Kniehl,
M.Shaposhnikov (2012)
G. Degrassi et al (2012)

mcr
h >

[
129.0 +

mt −172.9ÃýÂ
1.1ÃýÂ

×2.2− αs(MZ )−0.1181
0.0007

×0.56
]
ÃýÂ

ñîâðåìåííûå èçìåðåíèÿ íà CMS è ATLAS:

mh ' 125.8±0.9 ÃýÂ

100 105 108 1011 1014 1017 1020

-0.02

0.00

0.02

0.04

0.06

Scale Μ, GeV

Λ

Higgs mass Mh=124 GeV

100 105 108 1011 1014 1017 1020

-0.02

0.00

0.02

0.04

0.06

Scale Μ, GeV
Λ

Higgs mass Mh=127 GeV
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�Íàòóðàëüíîñòü� èçìåðåííîé ìàññû Õèããñà
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�ÖÅÐÍîâñêèå� Íîáåëåâñêèå ïðåìèè
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×òî äàëüøå?

×òî èçìåðèòü?
� ïàðàìåòðû õèããñîâñêîãî ñåêòîðà óòî÷íèòü ìàññó t-êâàðêà
� âåëè÷èíû ìàññ íåéòðèíî
� CP-íàðóøåíèå â íåéòðèííîì ñåêòîðå
� ãðàâèòàöèîííûå âîëíû îò àñòðîôèçè÷åñêèõ èñòî÷íèêîâ

×òî íàéòè?
� ò¼ìíóþ ìàòåðèþ
� ðåëèêòîâûå ãðàâèòàöèîííûå âîëíû

×òî ïîíÿòü?
� êàê ïîÿâëÿþòñÿ ìàññû íåéòðèíî
� êàê ïîÿâèëàñü áàðèîííàÿ àñèììåòðèÿ Âñåëåííîé
� ïðè÷èíó èåðàðõèè â êâàðêîâîì ñåêòîðå
� ΩB ∼ΩDM ∼ΩΛ ?
� ïðè÷èíó óñêîðåííîãî ðàñøèðåíèÿ Âñåëåííîé
� ïî÷åìó ýíåðãèÿ âàêóóìà òàê ìàëà?
� ñèëüíàÿ CP-ïðîáëåìà
� Êâàäðàòè÷íûå ðàñõîäèìîñòè � ìàëîñòü ìàññû áîçîíà Õèããñà
�
�
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