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Introduction

Relevance of the study
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Introduction

We study the evolution of Higgs
potential shape in the framework of
catastrophe theory for predicting
conditions for the stable minimum
existence, i.e. the true minimum, in
which our Universe is expected now

¢nl

We take the effective 2HDM
potential for MSSM and NMSSM
with additional Higgs singlet,
where the control parameters of
ey e Higgs potentials depend on the
temperature.
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Elements of catastrophe theory

Elements of catastrophe theory

Two surfaces are qualitatively similar if we can find a smooth change of
coordinates so that the functional form for V', expressed in terms of the new
coordinates, is equal V in the original coordinate system:

Example

V (saddle)

in(x, y \7 (Y]

—x2+y = 2x'y
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Elements of catastrophe theory

We have canonical form after a smooth change of variables (=)

Conditions

Canonical form

Theorem/Lemma

1. VV =0, no detVy; # 0

Morse Lemma

2.VV =0, detVi; =0

v (Y, oo yr) + M

Splitting Lemma

V "obmasa"

CG() + M

Thom Theorem

k<5

Cat(l, k) + M

Thom Theorem
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irophe theory

V= CG(D+ J-ill‘.y}

Elementary Catastrophes of Thom
Name &k Germ Perturbation
Ay 1 x? a
Ass 2 x* a|}+ a;x?
Ay 3 x* a;x + a;x* + ayx?
Ass 4  +x* ayx + a;x* + asx® + agx*
Ag 5 x7 ax + a;x® + a;x* + agx* + asx*
D_, 3 X}y -y ax+ a;y + ayy?
Doy 3 x}y+y  ax+ay+axy?
Dy 4 Xy + y* ayx + ayy + ayx? + a,y?
D_g 5 x¥y—y®  ax+ayy+asxt+a,y? +asy’
D¢ 5 X3y + 5 apx +ayy + azx® + a,y? + asy’
Eiq 5 x4 y*  ayx + azy + ayxy + agy? + asxy?
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MSSM

The two-doublet Higgs Potential for MSSM

Uers(d1,02) = =213 (01 1) — 313(dhd2) — p122(d2) — (1122)* (95 61)
FAL(GLP1)% + N (Db d2)? + A3 (d] 1) (Do) + Ma (] 2) (dhbr)

28 (p1 )2 + 257 (dhh1)% + A6 (] 1) (0] 2) + A6™ (8] 01) (Db 1) +
A7 (¢hd2) (D] d2) + Ao* (dh2) (dhdr)

Georgi H., Hadr. J. Phys. 1978

Lee T.D., Phys. Rev. D. 1973

Nilendra G. Deshpande, Ernest Ma, Phys.Rev. 1978

Dubinin M., Semenov A.,2004; Akhmetzyanova E.,Dolgopolov M., Dubinin M.,2005

where the vacuum expectation values

(¢i) = % ( UO ) (i=1,2).

v? = v} + 03 = 2462 GeV?, tan § = 32

3 (T), Mi(T), v12(T)
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MSSM

Boundary conditions

On the scale of the superpartners Msysy

my Msusy
The effective potential method,

the method of Feynman diagrams

& finite-temperature corrections

95 — 91

4 )

)\SUSY 0.

ASUSY _ \SUSY _ gi + 93 A\SUSY _
8 )
)\EUSY _ _g_% )\SUSY )\SUSY
2 )

The deviation from the parameters

A = ASUSY _ A,

Dolgopolov M., Dubinin M., Rykova E. Threshold
corrections to the MSSM finite-temperature Higgs
potential. Journal of Modern Physics. 2011.
PP.301-322

Mikhail Dolgopolov
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MSSM

Threshold corrections (example for A\p)

\; = NUSY _ A\t

2 2
-3
2, 91 9211[

AN = 3h ul I [mg, mu] + 3hi| A *Ia[mq, mp] + b |ul*( 5

291 I [mu, mq)) + hy| Ay (

mq, my]

12h; — g7 — 393
HE I ma, mo) + (6h — 1) I [ma, ml

@i @i
P —ox] = (n - gl) (I(mq) + I(mp)) + Z- 1<mu>
¢ a
\ 3 log 1 4 2 4 mQomu
. AN = ———(11g] — 36hbg1 +9(g2 — 4hbg2 + 16hy))In (—)
N i 38472 m?
@ @
where
_ yoo 1
Tolma,ma] = 2002 om0 47r(\/47r2n2'l‘2+7n2+\/47r2n2'l‘2+m%)
oo
I [My, My] = ——2L1
1[M1, M2] 64md T2 e 72020 0 \/M2+n2(\/M2+n2+\/M2+n2)2
Tn2)3

12[My, Ma] = 2567r5 TT 2ne—oo,n0 \/(M2+n2)(M2+n2)(\/M2+n2+\/M2
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MSSM

Higgs potential minima surfaces at T' = 0

(93 + 93)(v] —v3)* — Threshold corrections

Saddle

Mikhail Dolgopolov Sa IO iE xtremal properties of the extended Hig June 27 2015 11 / 22



Higgs potential minima surfaces at 1" 7 0

U, T) = A1) — BT + {Aa(T)y*

Shaposhnikov criteria

Ve 2F

T M)

M.E. Shaposhnikov, JETP Lett.
44 (1986) 465

Superpartners mass parameters mg = 500 GeV, my = 200 GeV, mp = 800 GeV,
T =200 GeV, up =500 GeV, A = A, = A, = 1200 GeV, tanf =5
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Local minimum conditions

In the space of (v1,v2) and w1, p2, 12, A1 (T), .., A\7(T)
Uegr(vi,v2) = —§M1U1 - 5#2”2 Repisvive + )\11)1 + 37 )\21)3
+i)\345vf1}§ + %R@)\ﬁ?}%vg + %Re)\wlvg’,
where Agqs = A3 + Ag + Rels.

Q 1f = —Repistgh + )\11/202 + ﬁ%‘—ﬁs% + %Re)\61)2825 + %v%gﬂs%

i = —Repioctgf + Aav? 55 + A345 1)20 + ReAG 2ctg/BcB + = Re)\w S28

Q Reuis = spcs (mi — %(2Re>\5 + ReXsctgf + Re)\7tg,3))

@ DetH >0, TrH > 0, where H = 62U/0v;0v;:

A1 >0, A2 > 0, |)\3+)\4—|)\5|| < 2V A1 A2
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MSSM
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MSSM

Nonlinear transformations weccei quinn symmetes)

in first coordinate system

3, Asas 2 2 2
A1y + V1V, — MU — piov2 =0
A
3 345 2 2 2
A2v, + ViV — V2 — pi,v1 =0

in new coordinate system

Q Us,n, = I30: + 375 (Morse lemma)

_ _ A345_o
mon + 2507 7 =

_ _ A345 _
T2 (A5 + 5 T —3) =0

2 2
—= _1(,2, 2 2 232 4 29 _ 1 _ 1 (13— 13
0, =4 (pnd+us+/(u? —u2)2 +4Rep ), cos?9 =11 M1 Fa
1,2 2 ( 1 2 \/( 1 2) 12 2 2 /(”%_#%)2_‘_41—{6#%2
Q U = Unn(1,72) + (307 + [373) (Thom theorem)

Un v — simple sprout of catastrophe Ay or Ag
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Q Bifurcation sets

N Solutions Hessian H(1,72) = Tocal minimum conditions
2
— - _ 1 0 —2 2 =2 . =2
1 Ty =0, Ty =0 - 7 73 < 0, 72 @3 >0
1 2 ( 0 E% ) 7y + 15 i By =
—2 | A345 -2
= _ - —2 _ -7] + v 0 2 -2 1
2 T =0, XT3 — TS = ( 1 0 2 Y2 27973 —F7] +73(2X2 + 5A345) > 0
—2 1 =21y =2
(=1 + 3A345735) X275 > 0
2X172 0
T — ; =2 _ vy =2 4 52 1
3 Ty = 0, X175 — By = ( o 2 A345 —2 —75 + 01 (221 + 5A345) >0
73 + =HE o
(—73 + $234575)A17% > 0
_2 —
A435 2217 A T1T
4 2177 + 243532 @2 = o, 1Y1 3459102 X17T% + X273 > 0
191+ =572 02 7 A3457172 22973 171 + A273
Aa-
273 + 248557 —mZ =0 TIT3 (N1 A0 — A345) = 0

© Catastrophes

Mikhail Dolgo:

Cat(?; 3) = Eg —+ a1v2 + aﬁg + agﬁg
Cat(2;5) = Ts + a1T2 + a2T3 + a3T3 + Ts + Ts
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Higgs potential in NMSSM

U(®1, 2, 8) = — i3 (D] ®1) — p3(D)P2) — 1i3(STS)+

ﬁ

2

iy (@] 01)(STS) + ko (P1D2)(STS) + ks (BT Do) (STST) + k(@] 81)(S9)+
+k4(ST9)2 + ks (DI D2)S + ks (BLB1)ST + keS? + ke (ST)3

@i=%(0 ) w=%(,) ®-w

J.R. Ellis, J.F. Gunion, H.E. Haber, L. Roszhkowski and F. Zwirner, Phys. Rev. D39 — 1989

A
+5 (@121)7 + TH(0182)% + A3(8]@1) (DLB) + A (2] 8)(2121)+

v = v} + 03 = 246% GeV?

o(T), Mi(T), k(T)
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NMSSM

Minimum conditions, Uy

U(vr,v2,v5) = — $3? — Lp3od — 303 + v + 208 + Dagobod + Ihohod+
—|—%kw%v§ + %kw%v% + ]{,‘3’011)21)% + k4vgf + ksvivov3 + 2/€6U§.

Critical points p;

Hi = % (A1 cos? B+ (A3 + Ag)sin® B) + k103 + (ksvs + ks) v3 tan

p2 =2 (Agsin® B+ (Az + M) cos? B) + kav3 + (ksvs + ks) vz cot B,

ui = é (k1 cos? B + ko sin® B + ks sin 25) + 2kg 03 + ks U2 + 3kgvs.

2’L)3
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Puc.: condition DetH > 0 (a, b, ¢, d) (Not painted arcas are allowed) at T = 100 GeV, where
a)Vky, 24,6, k5 = 1,v3 = 1; b) Vk1 2.3 46,k5 = —1,v3 =1;¢) Vka 3 46,k1 =1,v3 =1;d)
Vko,3.4.6, k1 = 0,vg = 1.
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Summary

1 Bifurcation sets for Higgs potential at the case of Peccei-Quinn symmetry
are obtain. These sets always describe system in a local minimum with a
critical morse point.

2 Constrains on MSSM and NMSSM allowed parameter space are evaluated
at the presence of effective potential local minimum.

3 Higgs prepotential as canonical morse form and non-morse term
(catastrophe function at critical temperature) are reconstructed.
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Thank you for attention
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