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JIETHasd MOJIECJIb
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Morusanust. DdheKTUBHBIM MOTEHIIIAI 00IIeil MoIeIn

The most general renormalizable hermitian SU(2) ® U(1) invariant
potential:

U(P1,P2) = _H%(d);d)l) - M§(¢;¢2) _N%2(¢§¢2)_ /1%2 (¢;¢1)+

Ao, .
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with effective real parameters u?, u3, A1,...,d4 and complex parameters
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Boundary conditions

On the scale of the superpartners Mgysy

my &= Msusy

The effective potential method,
the method of Feynman diagrams
& finite-temperature corrections
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The deviation from the parameters
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Dolgopolov M., Dubinin M., Rykova E.

potential. Journal of Modern Physics. 2011.
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Effective potential of MSSM

The supersymmetric scalar potential of interaction of Higgs bosons
with the third generation quark superpartners on the tree level has
the form

VO =Vy +Vr+Va+Vy.

Vi = (1m0, 4 M2 (@'T) + METT 4 M

2B,

Ve =P (61Q) D + 1V (1070, Q) Tt 1P (Q11) D= 1V (10 0ra7) T,
V=N, (®]0;) (o[ 01) + (] ;) [AZ(QTQ) + AJTU'T + ARD'D | +
A5 (910)(Q10,) + 5 [Aey (97020) DT +he g k1=12,

(VQ denotes the terms of interaction of four scalar quarks.



Effective potential of NMSSM

The most general Hermitian form of the renormalized SU(2) x U(1)
invariant potential for system of fields has the form:

U(®1, ®,8) = = (@] 91) = 13(®392) = 135°S = (i (®]P2) + hc)
+5 (P]01)° + TH(0402)% + A3(®] 01)(®5P2) + A4(®] @2)(®501)+
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As + As
+ 5 (®102)(@]0) + T(@)1)(Ph01) +
FA6(PT D1 ) (DT Dg) + A7 (D) D) (D] D) + hc.
+kp (O] D1)S™S + ko (@] P2)S*S + (k3 (P! 92)S™S + h.c.)

Ky (S*S)2++ks (1 01)S + ko (@]02)S +kr (O] 02)S+ k7 (4Fd1)S* +ksS3.



Parameters of Effective Potential of NMSSM

The supersymmetric scalar potential of interaction of Higgs bosons
with the third generation quark superpartners on the tree level has
the form V =

[y (QeH.)* +1ya(QeHa ) +Iyu Ty HO —yady Hy* +lyady H —yatiy Hy P~
—yu(TRTEASHO + TR A} ASH; +c.c.)—ya(drd ASHO +dgrd; ASHY +c.c.)+

i %2 (4H}QP - 2(H]Ha)(Q'Q) + 4P - 2(H{H.)(Q'Q)+

g1

( (Q'Q) - —uRﬁR—l— 13 rdr + = (HH,) - = (HHq))?+

2( 2(
—&-(ﬁ%yuAu(Q eH,) - dRydAd(QTeHd) +c.c.)



Finite temperature corrections of squarks

In the early, high temperature stages of the Universe, the environment
had a non-negligible matter and radiation density, making the
hypotheses of conventional field theories impracticable. For that
reason the methods of conventional field theories are no longer in use,
and should be replaced by others, closer to thermodynamics, where
the background state is a thermal bath. This field has been called
field theory at finite temperature and it is extremely useful to study
all phenomena which happened in the early Universe: phase
transitions, inflationary cosmology, ...

In the finite temperature field theory Feynman diagrams with boson
propagators, containing Matsubara frequencies w,, = 2anT
(n=0,%1,£2,...), lead to structures of the form

(=1)°
I[my, mo,...,mp] =T Z f 02 1 o2 T 2)’ (3)

n—-—oo

k is the three-dimensional momentum in a System with the
temperature T. J



At n # 0 the result is

I[my, mo, ...,my] = 2T (27T)""

where

S(M,b - 3/2) = f Z n2+M2)b —

3-2b (—1)b”3/2 r(b-3/2)

(27)° r(b)

1
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Restrictions on the parameters of the MSSM
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ctions on the 1 of the MSSM
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Restrictions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM
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Restrictions on the

arameters of the MSSM
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Restrictions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM

48
%
46
g
s
44 1
43
42
0 1 2 3 4 5 6

Contour plot in ¢ — tang plane.
Selected region: 40 GeV <my, <50 GeV (blue region).

Fixed parameters:

1 =2000 GeV, Ay, = 1000 GeV, Mgysy = 500 GeV, mp: = 300 GeV. 17



Restrictions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM
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e tions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM
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Restrictions on the parameters of the MSSM
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I\‘IOFHGJII) C ABYM: CKaJIAPDHBIMHA ITOJIAMA

Paccmorpum srarpamkuan ¢ IByMs CKaJSPHBIMU MIOJISAMUA ¢ U Po, TIPU
STOM TYT [Ba KAILTHHTA 2 ,
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?Boromo6os H.H., IlIupkos [I.B. Beegenue B T€OPHIO KBAHTOBAHHBIX HOJIEiL. //
4-e mu3x. M.: Hayka 1984.

3Tleckun M., IHIpenep /1. Beenenne B KBAHTOBYIO TEOPHIO HOJISL. // VxkeBck:
HUII «Perynsipnasi u xaorudeckasi fuaamukas, 2001, 784 crp.
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B-dyHKmn

B-dbynximm g11g A u p. KoHTpUIeHs! mepeHopMIPOBKHI 0y 1 0,

B oxmonereBoM mopsiake:

IR
= A (SAP(V )+ V() + V() +(2) (V) + V() + V() i, =

= il (ﬁ + %2) (V(t) + V(s) + V(u)) - i6,.
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15t p B OMHOIIETIEBOM TIOPSIJIKE:
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Vpasuenne Kajrana-Cumandauka

Vpasuenne Kaurana-Cumanauka Jjist AByXTOUETHON (DYHKIIAN:

0 0
2 7 @)(p) —
M3 + B 757 + 211G (p) = 0
1
IBp//l = ﬁw,o/l —,8/1;0] = —#(p/ﬂ - 3)(p//l = 1)

QyHKIMs nMeeT Hyan B Touke p/A = 0, 1, 3.

B4-e a2 2/
+
Bai=—€1+ ﬁ (6)
210 + 4p%/3
ﬁp = —€p 'L)(T)g/ (7)
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PeHopm-rpynnosoi notok Teopuu (1) 8 4-€ c =0.01
T T T T

Tpu HeTpuBHAILHDbIE
HEIO/IBI2KHBIE TOYKH Ha rpaduke
[IOJTy9atoTCs U3 HyJsei S-byHKimm:

1672

1. /lB = TG, PB = 0’
Ceito

2. ¢ = %6, pc = 8n’e,
Cemio

3. /lD = 245”2 G, PD = 245”2 &N

Heycroitaussrit y3zen

B ormmramne

OT 9TUX TPEX TOYEK, YeTBepTas
touka (0,0) asiaserca MK
CTa0MIIBHON. DTO BBIPOXKIEHHDII

yeroituusbiii y3ea. (da = pa = 0).
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BsanmozeiicTBust COOCTBEHHBIX COCTOSTHUIT XHUITCA € TOM-KBAPKOM
8¢fn, TaKzKe MOryT OBITh IIPEJICTaBJIeHbl KaK IIPOU3BE/IeHIE

coorBercTByolero B3anmoeiictsuss CM u R-B3aumoseiicTBust Rtfhi :

cos sina
tthy sinﬁ > ttho COSﬁ

(9)

4Froggatt C.D., Nevzorov R., Nielsen H.B., Thompson D. Fixed point scenario in
the Two Higgs Doublet Model inspired by degenerate vacua // Phys.Lett. - 2007.
- B 657. - P.95-102.
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[Toroku U(¢y, ¢p2) or Karmmmaros Ay, Ag, A3, Ay

Figure 1: PeHopMrpyImoBble moToKu st Kamauaros 1,2 (ciesa) n 3.4

(cupasa)
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praTel: TOTOKH R;(u) or KammmaroB Ay, ds, Az, A4 u Rm“ oT

KaIlJIMHTOB A, Ay




[Toroku st mogen E. Senaha 2023

Pl noToK Teopuy & 4-€ ¢ £=0.01, - 1

Figure 2: PenopMmrpymmoBbie mOTOKT Jjist Karinaros 1,2 ot 3 ciieBa

A3 = =1, o nieaTpy A3z = 0, cupasa A3 =1
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IToTokn KaljJMHTOB /11, /12 IIPpU U3MEHEHUN /15 B HpO6IIOfI MOZEJIN

Figure 3: Penopmrpymnmosbie moTokn Jijist Karimaros 1,2 ot 5 ciiesa
A5 = —0.175 cupaBa A5 = 0.055
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Conclusion

e Our analysis of the effective MSSM and NMSSM
finite-temperature potentials is based on the diagram calculation
of various one-loop temperature corrections for the case of
nonzero trilinear parameters A¢, A}, and Higgs superfield
parameter u.

e Quantum corrections are incorporated in control parameters
A1,.7..(T) of the effective two-doublet (-+singlet) potential, which
is then explicitly rewritten in terms of Higgs boson mass
eigenstates.

e Types bifurcation sets for the two-Higgs-doublet(+singlet)
potential Ueg(vy,ve) are determined.

e Bifurcation sets for Higgs potential in the case of Peccei-Quinn
symmetry are obtained. These sets always describe the system at
the local minimum (critical morse point).

e Constrains on MSSM and NMSSM allowed parameter space are
evaluated 35



Hpe BapuUTeEJ/JIbHBIE BLIBO/LI.

1. Bpuin mosiyueHbl 1 UCC/IeI0BAHBI PEHOPMIPYIIIIOBBIE YDABHEHUS
JIJIST MOJIEJIE C IBYMsI CKAJIIPHBIMU TOJISIMU U JIBYMsT JTyOJreramMu

KOMIIJIEKCHBIX CKaJIAPHBIX TIOJIEN.

2. s paia xkamauuroB Habsomaercs cmernerue PIN moTokos, uTo
CBSI3aHO C HAJIMYKMEM JIOIOJIHUTEIHHON (hasbl W KOJIUIECTBOM
kamauaroB. Ompeaesreno mHppaKpacHoe aCUMITOTHICCKOE TTOBEICHIE

KpI/ITI/I‘IGCKOfI TOYKMH.

Hauspreitimas nmepcrnektusa: Uarepdeiic PI' moTokos st
WHTYITAPOBAHHBIX TIEPEX0/I0B U CPABHEHHE C SKCIEPUMEHTATHHBIMU

JAHHBIMU 110 camozelicTBuio mpu sueprusx CM.
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Finite temperature corrections of squarks

We calculate the integral

Jo[&l,az]—f(dk 1 1

2m)3 (k2 + a?)(k? + a2) " dn(as + a2)’

taking a residue in the spherical coordinate system. Dolgopolov M.,
Dubinin M., Rykova E., Journal of Modern Physics. Vol. 2. No. 5. P.
301-322. (2011).

a%Q are the sums of squared frequency and squared mass. Derivatives

of Jo with respect to a; and as can be used for calculation of integrals

i ]_f dk 1 3 1
LT ) @n (2 T 2208 1 a3)  Smar(er +a2)?

o ]_f dk 1 3 1
LRIT ) @ R+ )P+ a3 Sraras(an +a2)®
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Parameters of Effective Potential of MSSM

Ay = C3;lp[mq, my] + C3p1z[mq, mp]+
+C3,(Cy114[mq, my] + Cy3]; [my, mg])+
+C3,(Ca2lh [mq, mp] + CyaI; [mp, mg)).

Ady = C331z[mq, my] + C34l2[mq, mp]+
+C§3(C4511 [mQ, mU] I C4711 [mU, mQ])+
+C2,(Cypl1[mq, mp] + Cys]; [mp, mg)).

A3 + ) = C3,C331z[mq, my] + C3,C3, o [mq, mp]+
+(C31Cas + C33Ca1)1 [mq, my] + (C3; Car + C35Ca3)Li [my, mq+

+(C§QC4G + C§4C42)Il [mQ,mD] + (052048 + C§4C44)Il [mD, mQ].

Ads = C3,C2,15[mq, my] + C2,C3,Is[mq, mp. 38



CITACBO 3A BHUMAHNE!

39



Warerpar:

B 1 d9k 9 i B 1 1 i F(2 = d/2)
03 [ e G~ 2, S

P9 PN
1 32me | 32m2 BNR
2

IIpu srom Mbl cenamm 3amenbt A = x(1 - x), p? = —M2. IIpumenss

YCJIOBHUS IIEPEHOPMUPOBKU, MBI BHJIAM, YTO

i6, = i[a%( /3)*]lo i
A7 39.2 p LS

[TockoabKy B 9TOI TeOpUM HET PACXOMANINXCI AUArPAMM COOCTBEHHOM

QHEPrun a0 OJHOIIETJIEBOI'O IIOPAJKa, Mbl MOXKEM 3alliCaTb

B-dbynkiio:
3

~ 1672

Ba [22 + (0/3)%]
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