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Ââåäåíèå

Îòêðûòûé â 2012 ã. êîëëàáîðàöèÿìè ATLAS è CMS (CERN) áîçîí
Õèããñà:

m = 125.08± 0.12 ÃýÂ
ñâîéñòâà áëèçêè ê ïðåäñêàçàííûì â ðàìêàõ ÑÌ:

� ñïèí J = 0 (99.9% CL), ÑÐ-÷åòíûå ñâîéñòâà;
� øèðèíà Γ125= 4.2 ÌýÂ;
� òî÷íîñòü êîíñòàíò ñâÿçè ïîðÿäêà ∼ 8% (W±, Z), 10%�20% (f).

Îäíàêî
1) ìíîãèå ñâîéñòâà áîçîíà Õèããñà âñå åùå ñëàáî èçó÷åíû (ñàìîäåéñòâèå,
ëåãêèå êâàðêè è ëåïòîíû, ÑÐ-íàðóøåíèå ...),
2) cóùåñòâóþùèå ýêñïåðåìåíòàëüíûå äàííûå (ýëåêòðîñëàáûé ïàðàìåòð
ρ ' 1) íå èñêëþ÷àåò ðàñøèðåíèÿ ñåêòîðà Õèããñà äîïîëíèòåëüíûìè
äóáëåòàìè c Y = ±1 è (âîçìîæíî) ñèíãëåòàìè

Â ðàñøèðåíèÿõ ÑÌ õèããñîâñêèé ñåêòîð ìîæåò ñîäåðæàòü
äîïîëíèòåëüíûå èñòî÷íèêè ÑÐ-íàðóøåíèÿ → âî âçàèìîäåéñòâèÿõ â
ñåêòîðå Õèããñà ìîãóò íàáëþäàòüñÿ ÑÐ-íàðóøàþùèå ýôôåêòû. Ýòî
ñòàíåò îäíîçíà÷íûì óêàçàíèåì íà íåìèíèìàëüíîñòü õèããñîâñêîãî
ñåêòîðà è Íîâóþ ôèçèêó.

Â ðàìêàõ ÑÌ âî âçàèìîäåéñòâèÿõ ñ ó÷àñòèåì áîçîíà Õèããñà ÑÐ-ñèììåòðèÿ òàêæå

ìîæåò íàðóøàòüñÿ (CKM), îäíàêî ÑÐ-íàðóøàþùèå ýôôåêòû íàñòîëüêî ñëàáû, ÷òî

ýêñïåðèìåíòàëüíî íàáëþäàòü èõ ïðàêòè÷åñêè íåâîçìîæíî.
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Ïîèñêè òàêèõ ýôôåêòîâ àêòèâíî âåäóòñÿ. Íàïðèìåð,

h125 → cos θheven + sin θhodd (1)

ATLAS: tth, h→ γγ θ < 43◦ 2004.04545
CMS: h→ ττ θ < 36◦ HIG-20-006

CP-÷åòíîñòü ïðåäïî÷òèòåëüíåå CP-íå÷åòíîñòè íà óðîâíå ∼ 4σ

Áóäåì ðàññìàòðèâàòü Äâóõäóáëåòíóþ ìîäåëü (è åå ÷àñòíûé ñëó÷àé �
ÌÑÑÌ), â êîòîðîé 5 áîçîíîâ Õèããñà (äâà çàðÿæåííûõ è 3
íåéòðàëüíûõ). Îäèí èç íåéòðàëüíûõ ñêàëÿðîâ àññîöèèðóåòñÿ ñ
íàáëþäàåìûì áîçîíîì Õèããñà, åãî ñâîéñòâà ïðè ýòîì äîëæíû
óäîâëåòâîðÿòü ïðåäåëó íàñòðîéêè ñâÿçåé, ò.å. áûòü áëèçêèìè ê
ïðåäñêàçàííûì â ðàìêàõ ÑÌ.

Òåîðåòè÷åñêèå ïðåäñêàçàíèÿ â ñåêòîðå Õèããñà çàâèñÿò îò ïðèáëèæåíèé
ìîäåëè. Ñóùåñòâóþò ðåæèìû, äëÿ êîòîðûõ äîïîëíèòåëüíûå
ðàäèàöèîííûå ïîïðàâêè ê îïåðàòîðàì ðàçìåðíîñòè 'øåñòü' â
ðàçëîæåíèè îäíîïåòëåâîãî ýôô. ïîòåíöèàëà Õèããñà ñóùåñòâåííû. Ó÷åò
ðåíîðìãðóïïîâûõ ýôôåêòîâ ïîçâîëÿåò ïîëó÷èòü áîëåå òî÷íûå
ïðåäñêàçàíèÿ
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Èñòî÷íèêè íàðóøåíèÿ ÑÐ-ñèììåòðèè â õèããñîâñêîì ñåêòîðå ÄÄÌ

Ðàñøèðåíèå ñ äâóìÿ SU(2)-äóáëåòàìè, Yi = 1
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Achmetzjanova E., Dolgopolov M., Dubinin M., Phys.Rev.D 71, 2005, 075008
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LH = (DνΦ1)†DνΦ1 + (DνΦ2)†DνΦ2 − U(Φ1,Φ2), (5)

ãäå SU(2)× U(1)-èíâàðèàíòíûé è ïåðåíîðìèðóåìûé ïîòåíöèàë

U = −µ2
1(Φ†1Φ1)− µ2

2(Φ†2Φ2)− [µ12
2(Φ†1Φ2) + h.c.] (6)
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+ [λ5/2(Φ†1Φ2)(Φ†1Φ2) + λ6(Φ†1Φ1)(Φ†1Φ2) + λ7(Φ†2Φ2)(Φ†1Φ2) + h.c.]
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Ðàäèàöèîííûå ïîïðàâêè â ñåêòîðå Õèããñà ÌÑÑÌ

λi(MSUSY) = λtree
i + ∆λthr

i (8)

Ñóïåðñèììåòðè÷íûå ñîîòíîøåíèÿ
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i ðàññ÷èòûâàþòñÿ â ðàìêàõ

ìåòîäà ýôôåêòèâíîãî ïîòåíöèàëa
Êîóëìåíà-Âàéíáåðãà
Coleman, Weinberg, Phys. Rev. D7, 6 (1973)

Haber, Hemp�ing, Phys. Rev. D48 (1993) 4280
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U0 = UM + UΓ + UΛ + UQ̃, M2
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(Ũ
∗
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Ïðèìåð âåäóùèõ
îäíîïåòëåâûõ
ÑÐ-íàðóøàþùèõ
âêëàäîâ â ýôôåêòèâíûé
ïîòåíöèàë Achmetzjanova,

Dolgopolov, Dubinin,

Phys.Rev.D 71, 2005, 075008
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Óñëîâèå ïðåíåáðåæèìîñòè âêëàäîâ îò äèàãðàìì ñ êîíöàìè, áîëüøå
÷åòûðåõ Carena et al., Phys. Lett. B 355, 1995

2|mtopµ| < M2
S , 2|mtopA| < M2

S , ãäå At = Ab = A

Ðàññìîòðåíèå îäíîïåòëåâûõ ïîïðàâîê ê îïåðàòîðàì O(Φ6)
Dubinin M., Petrova E., Phys.Rev.D 95, 2017, 055021

U (6) = κ1(Φ†1Φ1)3 + κ2(Φ†2Φ2)3 + κ3(Φ†1Φ1)2(Φ†2Φ2) + κ4(Φ†1Φ1)(Φ†2Φ2)2 +

+ κ5(Φ†1Φ1)(Φ†1Φ2)(Φ†2Φ1) + κ6(Φ†1Φ2)(Φ†2Φ1)(Φ†2Φ2) +

+ [κ7(Φ†1Φ2)3 + κ8(Φ†1Φ1)2(Φ†1Φ2) + κ9(Φ†1Φ1)(Φ†1Φ2)2 +

+ κ10(Φ†1Φ2)2(Φ†2Φ2) + κ11(Φ†1Φ2)2(Φ†2Φ1) + κ12(Φ†1Φ2)(Φ†2Φ2)2 +

+ κ13(Φ†1Φ1)(Φ†1Φ2)(Φ†2Φ2) + h.c.].
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Àíàëèç óñëîâèé ïåðòóðáàòèâíîé óíèòàðíîñòè ñ ó÷åòîì U (6) íà îñíîâå
Krauss, F. Staub, Phys.Rev. D98, no.1, 015041 (2018)

(à) (á)

Ðèñ.: (à) MS=2 ÒýÂ, tanβ=3, (á) MS=1 ÒýÂ, tanβ=2, mA=28 ÃýÂ,
√
s=8 ÒýÂ

Dubinin, Fedotova, JETP, Vol. 131, no 6, 2020

Ðåíîðìãðóïïîâûå ýôôåêòû â O(Φ6) ó÷èòûâàþòñÿ â ýâîëþöèè gi, hf íà
øêàëå MSUSY. Èõ âêëàä íåçíà÷èòåëåí â ñðàâíåíèè ñ ïàðàìåòðè÷åñêèì
ðåæèìîì, ïðè êîòîðîì O(Φ6) ñòàíîâÿòñÿ ñóùåñòâåííûìè.

Â òàêîì ðåæèìå ÑÐ-ñìåøèâàíèå ìàêñèìàëüíî.
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Õèããñîâñêèé ïðåäåë íàñòðîéêè ñâÿçåé ÄÄÌ ñ ÿâíûì ÑÐ-íàðóøåíèåì

Ïåðåõîä â ìàññîâûé áàçèñ îñóùåñòâèì â äâà ýòàïà:

ïîâîðîò ÑÊ ñ ñîñòîÿíèÿìè h,H,A,H±, G±, G0,

ïîâîðîò ÑÊ ñ ñîñòîÿíèÿìè h1, h2, h3, H
±, G±, G0

äëÿ òîãî, ÷òîáû ðàññìîòðåòü ïðåäåëüíûé ïåðåõîä ÄÄÌ ñ
ÑÐ-ñîõðàíåíèåì ê ìîäåëè ñ ÑÐ-íàðóøåíèåì
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Åñëè

c1 = v2(−1/2 · Imλ5cα+β + Imλ6sαcβ − Imλ7cαsβ), (10)

c2 = −v2(1/2 · Imλ5sα+β + Imλ6cαcβ + Imλ7sαsβ) (11)

ðàâíû íóëþ, òî ñîñòîÿíèÿ h,H,A,H± ôèçè÷åñêèå, ìîäåëü ñ
ÑÐ-ñîõðàíåíèåì
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Ïðåäåë íàñòðîéêè ñâÿçåé h1

Áóäåì ïðåäïîëàãàòü, ÷òî h125 ýòî
h â ìîäåëè ñ ÑÐ-ñîõðàíåíèåì èëè
h1 â ìîäåëè ñ ÑÐ-íàðóøåíèåì,

è åãî âçàèìîäåéñòâèÿ ñ ÷àñòèöàìè ÑÌ ñîîòâåòñòâóþò

gTHDM/gSM ' 1 (14)

Âçàèìîäåéñòâèÿ h125 ñ ÷àñòèöàìè ÑÌ

gTHDM/gSM ÑÐ-ñîõðàíåíèå ÑÐ-íàðóøåíèå

h125uu cα/sβ (sαa21 + cαa11 − icβa31γ5)/sβ
h125dd −sα/cβ (cαa21 − sαa11 − isβa31γ5)/cβ
h125V V sβ−α cα−βa21 − sα−βa11

Ìîæíî çàìåòèòü, ÷òî a31 ' 0, òîãäà

a11 ' sin(β − α), a21 ' cos(β − α), ãäå(β − α) ∈ (0, π). (15)

èëè
I) c1 ' 0, II)m2

H ' m2
h1
, III) c1 ' 0, m2

H ' m2
h1

Å.Þ. Ôåäîòîâà â êîëëàáîðàöèè ñ Ì.Í. Äóáèíèíûì Ðåíîðìãðóïïîâûå ïîïðàâêè ê îïåðàòîðàì ðàçìåðíîñòè "øåñòü" è ÑÐ-íàðóøåíèå â õèããñîâñêîì ñåêòîðå ÄÄÌ è ÌÑÑÌ



Òàáëèöà: Ïðåäåë íàñòðîéêè ñâÿçåé â ñëó÷àå ÿâíîãî ÑÐ-íàðóøåíèÿ â
õèããñîâñêîì ñåêòîðå â îáùåì âèäå ÄÄÌ è â ïðèáëèæåíèè ðàçëîæåíèÿ
õèããñîâñêîãî ïîòåíöèàëà äî îïåðàòîðîâ O(Φ4)

Ñëó÷àé Îáùèé âèä Ïðèáëèæ. O(Φ4)

c1 ' 0 Imµ2
12 ' 0

I β − α ' π/2
k1ξ

I
1 = 1

m2
H ' m2

h1

II c2 ' −c1 tg(β − α) Imµ2
12 ' 0

k1ξ
II
1 ξ

II
2 ξ

II
3 = 1

aI =

 1 0 0
0 aI

22 aI
23

0 aI
32 aI

33

 , aII =

 sin(β − α) aII
12 aII

13

cos(β − α) aII
22 aII

23

0 aII
32 aII

33

 , (16)

Ïðåäåë íàñòðîéêè ñâÿçåé ìîæåò ðåàëèçîâûâàòüñÿ êàê â ðåæèìå
îòùåïëåíèÿ, òàê è íà ìàñøòàáå MEW

Ñëó÷àé I ñîîòâåòñòâóåò ïðåäåëó íàñòðîéêè ñâÿçåé â
ÑÐ-ñîõðàíÿþùåì ïðåäåëå, äîïîëíåííîìó íîâûìè óñëîâèÿìè

Å.Þ. Ôåäîòîâà â êîëëàáîðàöèè ñ Ì.Í. Äóáèíèíûì Ðåíîðìãðóïïîâûå ïîïðàâêè ê îïåðàòîðàì ðàçìåðíîñòè "øåñòü" è ÑÐ-íàðóøåíèå â õèããñîâñêîì ñåêòîðå ÄÄÌ è ÌÑÑÌ



Ïðîÿâëåíèÿ ÑÐ-íàðóøåíèÿ

Òàáëèöà: Â ïðåäåëå íàñòðîéêè ñâÿçåé íîðìèðîâàííûå âåðøèíû
âçàèìîäåéñòâèÿ yÄÄÌ/yÑÌ íåéòðàëüíûõ áîçîíîâ Õèããñà h2,3 ñ âåðõíèìè (u)

è íèæíèìè (d) ôåðìèîíàìè è êàëèáðîâî÷íûìè áîçíàìè (V = Z,W±) ÑÌ â
ñëó÷àÿõ I è II, ñì. òàáë. 1

Âçàèìîäåéñòâèå Ñëó÷àé I Ñëó÷àé II

h2uu −aI
22 ctg β (sαa

II
22 + cαa

II
12 − icβaII

32γ5)/sβ
h3uu −iaI

33 ctg βγ5 (sαa
II
23 + cαa

II
13 − icβaII

33γ5)/sβ
h2dd aI

22 tg β (cαa
II
22 − sαaII

12 − isβaII
32γ5)/cβ

h3dd −iaI
33 tg βγ5 (cαa

II
23 − sαaII

13 − isβaII
33γ5)/cβ

h2V V 0 cβ−αa
II
22 + sβ−αa

II
12

h3V V 0 cβ−αa
II
23 + sβ−αa

II
13

Â ïðåäåëå íàñòðîéêè ñâÿçåé I cèãíàëû âçàèìîäåéñòâèÿ
äîïîëíèòåëüíûõ áîçîíîâ Õèããñà h2,3 ñ íåîïðåäåëåííîé
ÑÐ-÷åòíîñòüþ ñ êàëèáðîâî÷íûìè áîçîíàìè îòñóòñòâóþò (ñèëüíî
ïîäàâëåíû), íàðóøåíèÿ ÑÐ-èíâàðèíòíîñòè ìîãëè áû íàáëþäàòüñÿ
âî âçàèìîäåéñòâèÿõ h3 c ôåðìèîíàìè
Â ïðåäåëå íàñòðîéêè ñâÿçåé II âçàèìîäåéñòâèÿ h2,3 ñ
êàëèáðîâî÷íûìè áîçîíàìè íå ïîäàâëåíû, à ýôôåêòû ñ
ÑÐ-íàðóøåíèåì ìîãóò
ïðîÿâëÿòüñÿ âî âçàèìîäåéñòâèÿõ ñ ôåðìèîíàìè êàê ñêàëÿðà h2,
òàê è ñêàëÿðà h3, ïðè÷åì áûòü òåì ñèëüíåå, ÷åì áîëüøå a32, a33.
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Ñöåíàðèè ÄÄÌ è ÌÑÑÌ ñ ïðîÿâëåíèåì ÑÐ-íàðóøåíèÿ

Ñâîáîäíûå ïàðàìåòðû ÄÄÌ:
β,mh,mH ,mA,mH± , |λ6|, |λ7|, ϕ5, ϕ6, ϕ7

Ñâîáîäíûå ïàðàìåòðû ÌCCM (ïðèáëèæåíèå ñêâàðêîâ 3 ïîêîëåíèÿ):
β,mH± ,MSUSY, |A|, |µ|, ϕ.

Ñöåíàðèé ìàêñèìàëüíîãî ÑÐ-ñìåøèâàíèÿ: Im(Aµ)/M2
SUSY

ìàêñèìàëüíî. Ïóñòü |µ| = 4MSUSY, |A| = 2MSUSY Carena, Ellis, Pilaftsis,

Wagner, Phys. Lett. B. 2000. 495

Ðèñ.: MSUSY = 2 ÒýÂ, tg β = 5

Imµ2
12 = 0 ïðè

ϕ1 = πn,

ϕ2 ' 2πn+ 1.88,

ϕ3 ' 2π(n+ 1)− 1.88,

ãäå n = 0, 1, 2...
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Ðèñ.: Çàâèñèìîñòè, õàðàêòåðèçóþùèå ïðåäåë íàñòðîéêè ñâÿçåé I (ñëåâà) è II
(ñïðàâà) ïðè ϕ ' {0, 1.88, π, 2π − 1.88, 2π}. Çäåñü MSUSY = 2 ÒýÂ, tg β = 5.

I: ïðåäåë íàñòðîéêè ñâÿçåé äîñòèãàåòñÿ ïðè mH± & 500 ÃýÂ

II: a) íàèìåíüøåå çíà÷åíèå çàâèñèìîñòü mH −mh1 ïðèîáðåòàåò ïðè
mH± ' 160 ÃýÂ è MSUSY & 2 ÒýÂ. Ïðè ìåíüøèõ MSUSY è/èëè áîëüøèõ
çíà÷åíèÿõ mH± âåëè÷èíà mH −mh1 ∼ O(1) ÒýÂ;
á) çàâèñèìîñòü mH −mh1 îò tg β ñóùåñòâåííà: ïðè tg β = 5
ìèíèìàëüíîå çíà÷åíèå ïîðÿäêà 53 ÃýÂ, ïðè tg β = 35 � ïîðÿäêà 8 ÃýÂ.
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Ðèñ.: Çàâèñèìîñòè ìàòðè÷íûõ ýëåìåíòîâ aij : âíèçó ñëåâà: mH±=500 ÃýÂ
(êîðè÷íåâàÿ ñïëîøíàÿ ëèíèÿ), mH±=1 ÒýÂ (ãîëóáàÿ ïóíêòèðíàÿ ëèíèÿ),
mH±=3 ÒýÂ (êðàñíàÿ òî÷å÷íàÿ ëèíèÿ), MSUSY = 2 ÒýÂ, tg β = 5.
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Çàêëþ÷åíèå

Ðàññìîòðåí õèããñîâñêèé ñåêòîð ÄÄÌ è ÌÑÑÌ ñ ó÷åòîì ðàäèàöèîííûõ
ïîïðàâîê ê O(Φ6) â îäíîïåëåâîì ðàçëîæåíèè ýôôåêòèâíîãî ïîòåíöèàëà
ñ ÿâíûì íàðóøåíèåì ÑÐ-èíâàðèàíòíîñòè.
Íàáëþäàåìûé áîçîí Õèããñà àññîöèèðîâàëñÿ ñî ñêàëÿðîì h1.

Ïîëó÷åíû óñëîâèÿ äëÿ ïðåäåëà íàñòðîéêè ñâÿçåé. Ïîêàçàíî, ÷òî
ñóùåñòâóåò äâà ñëó÷àÿ åãî ðåàëèçàöèè (I è II).

Íàëè÷èå ïðåäåëà íàñòðîéêè ñâÿçåé â îáùåì âèäå ïðèâîäèò ê
(ïðèáëèæåííîìó) íóëåâîìó çíà÷åíèþ óãëà ñìåøèâàíèÿ ÑÐ-÷åòíûõ
è ÑÐ-íå÷åòíûõ ñîñòîÿíèé íàáëþäàåìîãî áîçîíà Õèããñà âíå
çàâèñèìîñòè îò çíà÷åíèé êîìïëåêñíûõ ïàðàìåòðîâ

Ñèãíàëû ñ íàðóøåíèåì ÑÐ-èíâàðèíòíîñòè ì.á. îáíàðóæåíû âî
âçàèìîäåéñâèÿõ äîïîëíèòåëüíûõ íåéòðàëüíûõ áîçîíîâ Õèããñà ñ
ôåðìèîíàìè ÑÌ:

h3 â ñëó÷àå ïðåäåëà íàñòðîéêè ñâÿçåé I,
h2,3 ïðè ìàññàõ äîïîëíèòåëüíûõ áîçîíîâ Õèããñà ïîðÿäêà MEW â
ñëó÷àå ïðåäåëà íàñòðîéêè ñâÿçåé II

×èñëåííûå îöåíêè, ïðîâåäåííûå â ðàìêàõ ÌÑÑÌ, ïðåäñêàçûâàþò
âîçìîæíîñòü íàáëþäåíèÿ ýôôåêòîâ ÑÐ-íàðóøåíèÿ â ñåêòîðå
Õèããñà ïðè âûñîêèõ çíà÷åíèÿõ tg β (& 5) è
I: âûñîêèõ mH± (& 500 ÃýÂ);
II: MSUSY (& 2 ÒýÂ)
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Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ôîíäà ðàçâèòèÿ òåîðåòè÷åñêîé
ôèçèêè è ìàòåìàòèêè ¾ÁÀÇÈÑ¿ (ãðàíò No 22-1-3-35-1).

Ñïàñèáî çà âíèìàíèå!
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Ïðèëîæåíèå

a′I22 ' m2
h2
−m2

A, a′I23 ' −cI2, a′I32 ' cI2, a′I33 ' m2
H −m2

h3
,

nI
2 = k2ξ

I
2

√
(m2

A −m2
h2

)2 + (cI2)2, nI
3 = k3ξ

I
3

√
(m2

H −m2
h3

)2 + (cI2)2,(17)

a′II12 ' c21 tg(β − α), a′II22 = a′22, a′II32 ' −c1 tg(β − α)(m2
h −m2

h2
),

a′II13 = a13, a′II23 ' c1 tg(β − α)(m2
h −m2

h3
), a′II33 = a′33, (18)

cI2 ' v2(Imλ7 tg β − Imλ6 ctg β)/2, cII2 ' −cII1 tg(β − α), (19)

ξI
1 =

{
+1, åñëè a′11 > 0,
−1, åñëè a′11 < 0,

ξI
2,3 =

{
+1, åñëè m2

h > m2
h2,3

,

−1, åñëè m2
h < m2

h2,3
,

(20)

ξII
1,2 =

{
+1, åñëè c1,2 > 0,
−1, åñëè c1,2 < 0,

ξII
3 =

{
+1, åñëè (β − α) ∈ (0, π/2),
−1, åñëè (β − α) ∈ (π/2, π).

(21)
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∆M2
11 = −v2(∆λ1c

2
β + Re∆λ5s

2
β + Re∆λ6s2β) + (22)

+ v4[3κ1c
4
β + 4Reκ8c

3
βsβ + (κ3 + κ5 + 3Reκ9)c2βs

2
β +

+ (3Reκ7 + Reκ11 + Reκ13)cβs
3
β + Reκ10s

4
β ],

∆M2
22 = −v2(∆λ2s

2
β + Re∆λ5c

2
β + Re∆λ7s2β) + (23)

+ v4[Reκ9c
4
β + (3Reκ7 + Reκ11 + Reκ13)c3βsβ +

+ (κ4 + κ6 + 3Reκ10)c2βs
2
β + 4Reκ12cβs

3
β + 3κ2s

4
β ],

∆M2
12 = −v2(∆λ34sβcβ + Re∆λ6c

2
β + Re∆λ7s

2
β) + (24)

+ v4[Reκ8c
4
β + (κ3 + κ5 + Reκ9)c3βsβ +

+ 2(Reκ11 + Reκ13)c2βs
2
β + (κ4 + κ6 + Reκ10)cβs

3
β + Reκ12s

4
β ].

(h,H,A)

 m2
h 0 c1

0 m2
H c2

c1 c2 m2
A

 h
H
A

 (25)

= (h1, h2, h3)

 m2
h1

0 0
0 m2

h2
0

0 0 m2
h3

 h1

h2

h3


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Óñëîâèå ñóùåñòâîâàíèÿ ëîêàëüíîãî ìèíèìóìà

µ
2
1 = −Reµ

2
12tβ +

v2

4
(4λ1c

2
β + 3Reλ6s2β + 2s

2
β(λ345 + Reλ7tβ)) +

+
v4

4
(3κ1c

4
β + 5Reκ8c

3
βsβ + 3(Reκ7 + Reκ11 + Reκ13)cβs

3
β +

+ (Reκ9 + (κ3 + κ5)/2)s
2
2β + (κ4 + κ6 + 2Reκ10 + Reκ12tβ)s

4
β), (26)

µ
2
2 = −Reµ

2
12 cot β +

v2

4
(4λ2s

2
β + 3Reλ7s2β + 2c

2
β(λ345 + Reλ6 cotβ)) +

+
v4

4
(3κ2s

4
β + 5Reκ12s

3
βcβ + 3(Reκ7 + Reκ11 + Reκ13)sβc

3
β +

+ (Reκ10 + (κ4 + κ6)/2)s
2
2β + (κ3 + κ5 + 2Reκ9 + Reκ8 cotβ)c

4
β). (27)
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c0 = 0:

Imµ2
12 =

v2

2
(sβcβImλ5 + c2βImλ6 + s2

βImλ7) +
v4

4
{Imκ8c

4
β + 2Imκ9c

3
βsβ

+ (3Imκ7 + Imκ11 + Imκ13)c2βs
2
β + 2Imκ10cβs

3
β + Imκ12s

4
β} (28)

c1 = v2(−1/2 · Imλ5cα+β + Imλ6sαcβ − Imλ7cαsβ)

+
v4

4
(−cα+βs2β(3Imκ7 + Imκ11 + Imκ13) + 4(sαc

3
βImκ8 − cαs3

βImκ12)

+ 2(s2
β(−3cαcβ + sαsβ)Imκ10 − c2β(cαcβ − 3sαsβ)Imκ9), (29)

c2 = −v
2

2
{Imλ5sα+β + 2(Imλ6cβcα + Imλ7sβsα)

+ v2[2Imκ8c
3
βcα + Imκ9c

2
β(sα+β + 2cαsβ) + Imκ10s

2
β(sα+β + 2cβsα)

+ 2Imκ12s
3
βsα +

1

2
(3Imκ7 + Imκ11 + Imκ13)s2βsα+β ]} (30)
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Ñëó÷àé c1 = c2 = 0 (CP-ñîõðàíåíèå)

m2
H,h =

1

2
(m2

A +m2
Z + ∆M2

11 + ∆M2
22 ±

√
m4
A +m4

Z − 2m2
Am

2
Zc4β + C),

m2
A = m2

H± −m
2
W +

v2

2
(Re∆λ5 −∆λ4) +

− v4

4
[c2β(2Reκ9 − κ5) + s2

β(2Reκ10 − κ6)− s2β(Reκ11 − 3Reκ7)] (31)

tan 2α =
2∆M2

12 − (m2
Z +m2

A)s2β

(m2
Z −m2

A)c2β + ∆M2
11 −∆M2

22

, (32)

ãäå

C = 4∆M4
12 +(∆M2

11−∆M2
22)

2−2(m
2
A−m

2
Z)(∆M2

11−∆M2
22)c2β−4(m

2
A+m

2
Z)∆M2

12s2β ,
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Ñëó÷àé c1 6= 0, c2 6= 0 (ÑÐ-íàðóøåíèå)
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2
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2
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2
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2
A−c

2
1−c

2
2, a2 = −m2

h−m
2
H−m

2
A

mh1 |ci=0 = min{mh,mH ,mA}, mh3 |ci=0 = max{mh,mH ,mA}
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Ðèñ.: Ìàññû íåéòðàëüíûõ áîçîíîâ Õèããñà: mh1
� êðàñíûé, mh2

� ãîëóáîé,
mh3

� çåëåíûé. MSUSY = 2 ÒýÂ, At,b = 2MSUSY , µ = 4MSUSY , tg β = 5.
Ïóíêòèðíûå ëèíèè ñîîòâåòñòâóþò íåôèçè÷åñêèì ñîñòîÿíèÿì mh,mH ,mA.

Ñìåøèâàíèå ìàêñèìàëüíî ïðè ìàëûõ çíà÷åíèÿõ mH± ∼ O(100) ÃýÂ.
Ïðè mH± ∼ O(1) ÒýÂ ñëàáî ÷óâñòâèòåëüíî ê ïàðàìåòðàì
At,b, µ,MS , tg β
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