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Some brief T=0 history from QUARKS-2006

THDM: Fields
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[Akhmetzyanova E.N., D M.V., Dubinin M.N. Higgs Bosons in the Two-Doublet Model with

CP Violation Phys.Rev.D. V.71. N7. 2005. P.075008
Violation of CP invariance in the two-doublet Higgs sector of the MSSM.
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Effective THDM potential with explicit CP violation

General hermitian renormalized SU2)xU(I) invariant potential:
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/Scalar sector for MSSM

The main contribution to self-couplings due to Yukawa 3"d
generation couplings.

The corresponding potential with CPV sources
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Threshold corrections (left and central diagram)
and diagram contributing to the wave-function
renormalization (right)

"Fish" diagrams




ﬂ\/latrix elements a;, and coupling with Z-boson
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Electroweak Baryogenesis

e Two problems in the Standard Model
— First order phase transition requires m,< 50 GeV
— Need new sources of CP violation
 Minimal Supersymmetric Standard Model
— Ist order phase transition is possible if My < 160GeV

— New CP violating phases

Light stop window: M. Carena, M. Quiros, C.E.M. Wagner, Phys.Lett. B380
(1996) 81; M. Carena, G. Nardini, M. Quiros and C.E.M.Wagner JHEP 10
(2008) 062; M. Carena, G. Nardini, M. Quiros, C.E.M. Wagner. Nucl.Phys.
B812: 243-263, 2009.

In the MSSM we calculate the 1-loop FT corrections from the squarks-Higgs
bosons sector, reconstruct the effective two-Higgs-doublet potential

and study possibilities of the EWPT in the full MSSM
(Mmy,, taB, A, B, Mg, my, mp) parameter space.
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Integration and summation method

In the finite temperature field theory Feynman diagrams with boson
propagators, containing Matsubara frequencies, lead to structures of the
form
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Parameters of the effective potential
(forms of contribitions)
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Parameters of the effective potential
(forms of contribitions)
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Temperature-dependent parameters with various

quantum corrections in CPX-like scenario
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The surfaces of minima for effective potential U(v1,v2)
at the critical temperature T=120 GeV, X =x,=0
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Phase transitions of the first order can occur along the going down hollow. In other
directions minima at nonzero v, , will be above the minimum at v,=v,=0.
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The surfaces of minima for effective potential U(v1,v2)
at the critical temperature T=120 GeV and nonzero; .,
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At nonzero Ag: )\, there are directions always
along which the first order phase transition exists.
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Effective potential at finite temperature

vi(T) = v(T)cos B(T), wvo(T) = v(T) sin 3(T)

Mass term
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Critical temperature determination
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Evolution of the critical parameters
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Effective potential U(v1,v2) at the
critical temperature and nonzero x; »,
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The thermal evolution of the CP-even Higgs bosons h and H
is expressed by
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where a is the mixing angle of the CP-even states h and H.

[ Akhmetzyanova E.N., Dolgopolov M.V., Dubinin M.N. Higgs Bosons in the Two-
Doublet Model with CP Violation // Phys.Rev.D. V.71. N7. 2005. P.075008. (hep-
ph/0405264) |,

and [ QUARKS-2008 report] 19
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/m and my in the THDM
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Conclusions

1. In the MSSM we calculate the 1-loop finite-temperature
corrections from the squarks-Higgs bosons sector, reconstruct the
effective two-Higgs-doublet potential and study possibilities of the
electroweak phase transition in the full MSSM parameter space

(mHiJ th! At,b! M, mQ! mU! mD)'

2. At large values of A and u of around 1 TeV, favored indirectly
by LEP2 and Tevatron data, the threshold finite-temperature
corrections from triangle and box diagrams with intermediate
third generation squarks are very substantial.

3. High sensitivity of the low-temperature evolution to the effective
two-doublet and the MSSM squark sector parameters is observed,
but rather extensive regions of the full MSSM parameter space
allow the first-order electroweak phase transition respecting the
phenomenological constraints at zero temperature.

23
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Perspectives

~

* Electroweak baryogenesis is still viable in extended Higgs
sectors

e It would offer the possibiliy to compute the baryon
asymmetry from parameters measured in collider
experiments

e If the result would match the observations, we could claim
to understand the early universe up to electroweak
temperatures

e viable models:

THDM, MSSM,
Singlet models: many possiblities

e Strong constraints on CP phases from EDM’s

\_ //




Finite temperature effective potential in the SM
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MoTuBauma uccsienoBaHua CP-HapylueHus
B CynepCMMMEeTpPUUYHbIX TEeOpUSX

OAaHo M3 cambix BaXHbIX cneactBun CP-HapyLlueHUss — BO3MOXHOCTb
O0BbLACHEHMA aCUMMETPUUN MaTepusi-aHTUMaTepuUs.

AnekTpocnabbin 6apnoreHe3nC MOXeT ObITb pearniu3oBaH B
MMWHUMArIbHOM CynepcuMMeTpPUYHOM pacwumpeHmnmn CM, Ho ero
paccMoTpeHue TpedyeT BBeAeHUA HOBbIX NCTOYHMKOB CP-HapyLueHn
B CEKTOpE TPETbEero NoKONeHNUs CKanspHbIX KBapKOB UITU B CEKTope
KannopuHO-XUTTCUHO.

B MMHMManbLHOW cynepcuMMeTpPUYHON Moaenun Heob6xoanmo
paccMaTpuBaThb NEerkum u TAXenbIA cKansipHble TON-KBapku, ansa Toro|
4YTOObl MMENM MecTo cunbHble ha3oBbie Nepexonbl NepBOro poaa.

B mopenun Next-to-MSSM (cnepyrowen 3a MuHumanoHoun, HMCCM)
OTCYTCTBYHOT OrpaHM4YeHNs1 Ha CEKTOP TPeTbero NoKONeHUsA. u
BO3MOXXHO CP-HapylieHMe B ApeBeCHOM noTeHuuane.




3akrnroyeHue
JC DIl nepBoOro poga < nerkmm 6030oH
CP-HapylweHue
M Jlerkuu 6030H, m <50 3B, LEP: m,q,,>114'3B

CP-HapyweHue B matpuuye CKM cnuwikom mano gns
reHepupoBaHUA 4OCTAaTOYHOro 6apuUoOHHOro Yncna

MCCM Jlerkuun ckansipHbiu t-ckBapk
OrpaHu4yeHune Ha ner4yanwmm 6030H Xurrca cyxaet BO3MOXHOe
NPOCTPaHCTBO NapamMeTpoB

CP-HapylwieHue B YrfieHaxX MSArkoro HapyLweHus
cynepcummeTtpum Ecnu CP-HapywieHne B CKansipHOM CeKTope
6onblwoe, To ACPI1 | popa nopasneH.

OOM CunbHbin IC®I | popa V4, (¢, T)

bonblune neTneBble NONpaBKU K KOHCTaAHTaM caMo4eucTBuUs
(B 3aBucumocTtun ot CP-thasbl)

HMCCM Jlerknn 6030H Xurrca 3a c4eT Manoun KOHCTaHTbI g 477
Heuncuyesarwana CP-chaza gaxxe B ApeBeCHOM XUITCOBCKOM
noTteHuuane
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onpaBKM K napameTpaM nOTeHuMana Xurrca MCC
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CKaNApPHbLIX KBAPKOB
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onpaBKM K napameTpaM noteHuuana Xurrca MCC
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onpaBKM K napameTtpam noteHumana Xurrca MCC

\IIEpEHUpMVIpUBKd IIUJI)'I), Pd3Hbi€ MdCCOBbIC
NnapaMeTpPbl CKaliIAPHbIX KBApPKOB

'r 1 WITr 1
A)‘vif = 5(9% +9%)A’11a A)‘zf = 5(9? +9§)A%2a
ir l WIr 1 WITr
AN = — 1(9;12 — ) (Al + AY), AN =-— 593(/4’11 + Al), AN =0,

rir l / ! ¥ wir l 2 / ! *
ANGT = g(g% +95) (A, — A7) =0, AN = 5(91‘) +95) (A — A7) =0

2 - ShU
24

ul? —pt Ay
F(mQamU T) [ — 1Ay ‘AU‘Q +

(U — D, A s p)}(1 — %z)
1

F(m* m5,T)=T =
b n—z—:oc \/m% + (27nT)? + \/m% + (27nT)?)3

T iy 1
(my + my)? \/ml + (2mnT)? \/mg + 2?T?1T)2)




OrpaHny4eHus1 Ha NnapamMeTpbl Mogenu
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OrpaHny4eHus1 Ha NnapamMeTpbl Mogenu
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OrpaHny4eHus1 Ha NnapamMeTpbl Mogenu
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Ucrounukun CP-napylmeHus
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Msrkoe napymenue SUSY
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[NunaroHanu3auus B NOKaribHOM
MWUHUMYMe
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AHanorusi ¢ KonedbaHUssMm cuCcTem
CO MHOIrMMMU CTeneHssMun ceBoooabl

Knaccuyeckum aHanorom paccmartpuBaemMoun 3apadm o6
onpeneneHnn MaccoBbIX COCTOSAHUA B MMHMMYMe noTeHuunana
SAIBNsieTCs 3a4a4a O HaAX0XAeHUN COOCTBEHHbIX YacTOT ManblIX
Kone6aHMu cucteMbl C HECKOJIbKUMU CTeneHssMn cBoooAabl
(anaroHanusaumnsa KkBagpaTtu4yHon hopmbl), NpUyYemM napameTpbl,
onpeaensowme NHTEHCMBHOCTb B3auMMoOenCTBUA ABIAIOTCA
KOMMMNEeKCHbIMM.
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/ Masses of the Higgs bosons \
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Branching ratios
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Branching ratios
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10— . . 10—
[ [ m=175GeV; tgf=5; !
bb 09 r M, =300GeV; -
08 5 Msusy =500GeV ]
Tt CPX scenatio -
o | bb ]
010 1 Tt ]
s ] 06| b, :
/ 1 05 ¢ ]
201 b, “ 1 ';
' 1 03| ]
- m=175GeV; tgf=5; 0z | ]
' HMsmsy/z; 500GeV i
| CPX scenario 0.1 '/\ . ]
0.00 — ' 00 L L
250 300 350 400 450 0, 0 6 120 18




@

akharov’s Conditions for Barxogenesis

~

 Necessary requirements for baryogenesis:
— Baryon number violation
— CP violation
— Non-equilibrium
- => I (AB>0)>TI'(A B<0)
* Possible new consequences in
— Proton decay
— CP violation

\_ //




Gndition of the strong first order transition\

The first order phase transition is needed for a bubble
nucleation.

The sphaleron transition rate should be suppressed in the
broken phase at the critical temperature, in order not to
erase the created baryon number.

Veff , —

-
a®
----------
-
-
.
-
Y

This condition is expressed as | -

;;;

Pc/Te > 1

%g first order phase transition.




/m in the THDM \
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4 in the THDM \
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Summary

1. The potential of the THDM in general case is not CP-
invariant and the parameters A5, of the two-doublet MSSM
sector should be taken complex.

2. The deviations of the observable effects in the scenario with
nondegenerated masses of the squark sector from the
phenomenology of the standard scenario with degenerated
scalar quarks masses can be substantial.

3. The deviations are large if the power terms |p A |/Mg gy are
large and the charged Higgs boson mass does not exceed 150-
200 GeV, being rather weakly dependent on tang.

4.
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Integration and summation method

A number of integrals can be easily
calculated

. / dk 1
— 3 (12 2 (12 2!
(2m)° (k? + a1) (K* + a3)
taking a residue in the spherical coordinate system:

1
J =
dr(ay + a2)

{1%:3 - the sums of squared frequency and squared mass.
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~

ntegration and summation method

Derivatives of first integral with respect to a, and a,
can be used for calculation of integrals

Jl [[11_, [1;3]

dk 1

f (2m)% (k2 + o} 2(k2 + a3)
1 o1 1

 2a, day B Swai(a; + az)?’

[ dk 1
Jela, az] = (27)3 (2 + a2)2(K2 + a2)?

1 T I
\ - dayay day0ay  8majas(a; + [12)3./
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ntegration and summation method

~

and

dk 1
Jslay, az, as] =

1
 Adx(ay + as)(a, + az)(ag + a3)’

dk 1

(27)3 (k2 +af) (kK> + a3) (K2 +a3)

B 2(1-1 —+ a2 + as
- 8way(ay + as)?(ay + ag)?(ay + ag)’

\_

Jila 7| = 5 ;
ilar, az, a3 / (27)3 (k2 + a3)2(k2 + a3) (k2 + a3)

/




Integration and summation method

Substituting

a) — \/ATn2T2 + m? u ay — /Ar2n?1? + m2,

for

o ] dk 1
S (@2m)P (K + w2+ mi) (K2 + w2+ m3)

taking the sum over Matsubara frequencies after the integration

we get:
o

O
. | 1
Z' St = Z 292 2 222 2
n=—noc, 0 =—noc,n+0 4W(\/4W n<l + ml T \/4?T n-l + mz)

Thus the temperature corrections to effective potential are expressed
by summed integrals,




Integration and summation method

after redefinition of mass parameters

My — My = ZW'I1\/4'1‘"{12:2 +n?,  rae Myp = 2;;
=t 1 i 1
l om (ZWI;E])E n=—n0,n70 \/J'{f + nz(\/41-{1? + ﬂ-z + \/Jlrjz + ﬂ.z)zj

0

b=y 2 1
2 — Yy r: , g
S (2nl)> = o/ ME A 02/ M3+ n?(\/ M} +n? + /M3 +n?)3




/The sum of integrals can be expressed by means of the\

generalized zeta-function

Such forms can be derived if weintroduce Feynman parameters in the
integrand of

1 L dx
k% +m?2][k? +m?] ]u (k2 +mi]e + k2 +m;](1 —z))?

and redefine

k— p= n M?*=(M?*— M)z + MZ,

2l

1 1 fi d
') Jo [P

2 + .HE + M E]E’/

then we get




/The sum of integrals can be expressed \

_by means of the generalized Hurwitz zeta-function
dk = (ZWI )Sdp,

1 1
I = J = d .
Z ol Jy z / 27)3 [p2 + n2 + M2]?

n=—oc,n#0 n=—oc,n+

With the help of dimensional regularization or differentiating

the integral
1 1 1
I'= dz ((2,=, M?),
o |, A5

Where the generalized Hurwitz zeta-function
.

1
\ ((u, s,t) = ; e /




/The sum of integrals can be expressed

_by means of the generalized Hurwitz zeta-function

T 9 T 1 . 3
I, = I = — d 2. = M?).
: 2m, Om, SW(ZW'I’)EA 7 12 )
1 0 37 1 ! 5
[, = — () = / dxx(l—;rjq(Q,f,ﬂ-fz).
2my, Omy, 8 (271)° Jy 2

\_ /




