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Plan of the talk

Introduction
Veltman condition

Applying of cancelation of quadratic
divergencies (one loop) to
soft viol. Z, 2HDM (Mixed vacuum)

2HDM +singlets (real and complex)




LHC

SM-like Higgs particle with mass~125 GeV
observed at ATLAS+CMS (+Tevatron)
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125 GeV particle

What it is?
Hsy - Higgs boson of SM ?
h or aheavier scalar
(eg. H of CP-conserving 2ZHDM (MSSM))?
other state ?
SM-like scenario is observed - so

all measured ¢ couplings are close to
the SM-prediction for absolute value

. Ginzburg, MK , P. Osland 20017



2HDM

Soft viol. Z, symmetry
(CP conserving case)

SM-like h
H above 125 GeV, small couplings with W/Z

SM-like H
h below 125 GeV, small couplings with W/Z,
I-> hh important




Cancelation of quadratic divergencies
Veltman Conditon - one-loop SM

Q1=+

cancelation Q,=0 ->
M,(SM) ~ 314 GeV

2HDM:wu, Osland, Newton ~2000; Ma, 2001
Grzadkowski, Osland ~ 2010
(soft Z, viol, two-loop, heavy Higgses)
Our work:one-loop, 2HDM (Mixed) SM-like h, H
2HDM+singlets, IDM+singlets
(Ma 2013,Darvishi, linicka 2014)



Soft Z2 violation in 2HDM
Potential

V= 1/2)\1(q>1+c|>1)2+1/2)\2(q>2+q>2)2+)\3(c|>1+q31)(q>2+q32)
+ A1 D)@, D)+ Y2 [As(@1 D)% +h.c]
= 1am2y (D1 Dy)- YomZyo (P D) -Ya[mZo (D1 Do) +h.c]

Z, symmetry under change of sign of one doublet
All parameters real -> no CP violation,

Normal” 2HDM vacuum Barroso,Santos,Ferreira,Venhilho,Silva..
(Mixed vacuum) g

useful parametel

)

5/ (2v1v9) and tan ff = vy /vy,




Vacuum states (2HDM with explicite Z,)

Stable vacuum (positivity) s

Agas = Az + Ag + As,

Neutral vacua
= Mixed M(vl and v2 # 0)
= |nert 11 (12) [v1(v2) # 0]

= Charged breaking
vacuum CB

Inert overlaps both with
Mixed and CB !




Phase diagrams Z,-sym. V

coexistence
of minima

Inert (l,) vacuum

cor Mh=125 Gov TR UK




Relative couplings (w.r.s SM)
For neutral Higgs particles h, (i = 1,2,3)

V=Z,W+/-

u=up quarks (u,c,t)

d=down quarks (d,s,b)
and charged leptons

there are relations among couplings, eg DaCASICEEE
Haber ‘

yv(W and Z) \u(up-type quarks ) \4(down-type quarks )

sm(f—a)+ —= cos\f —a) smn(p —a)—tanpcos(f —a)

cos(ff —a) — # sim(f —a) cos(f—a)+tanfsm(f — a)

—1 5 COl v} —1 Yy Tan ]




Masses (Mixed)

1'1_{11:|:—||? —1|\1+\r| I.'r

A _Ir A = |,._ Iy — \U', ) 'i'_'.-' :

2 cos® fA; +sin“ B (Aggy —v)cosBsinf | o
(A345 —v)cos Bsin B sin® fAy + cos® fr

Hi U “‘111 'l—|‘ UHHJH (x 11 H U IH]ILHUM}
* UH U _,| ‘ﬁlllHEHHH Ulell r —|— U{Lum (Y

We assume:
M,>M,, A M2/v2 (sin 20 /sm2[3) 7\345

A range (- /2, /2) (cos 0.>0)
B range (0, m/2)
so [3-at from —1t/2 to 7 (in 2HDMC only to /2 1)



Lambdas vs masses

Mv? = ——][cos® o M, +sin® o M — sin® 3 ji°]
cos* [1° H |

- l

AgU* = ‘-ulll ¥ UH + m ¥ U —H}h i,u

i

sin’ 'R
L1111 _.H

I;.;.-lg'.’g 1 M? = U.*r ) + 1L

sin 23




SM-like scenarios h., H.,

defined by couplings to gauge bosons in terms of
'relative” couplings sin(pB-o)~ +1, cos(B-a)~=*1

; ‘ : L sin(x)
: 0




Application of Veltman condition



Veltman condition for 2HDM (1)

6M3, 4+ 3M2% + 02 (BA; + 203 + \y) = - mp”
({IH“ -)

- 0 p, 3] S re . 12 'y

6 My, +3M7 +v° (3 +2A3 4+ Ny) = ——my

IJH , dm; “ Im;
Al — Ay = | b —5—) = —| 5)(1 + tan® B

1= |:||'-'- ']

SM —like h: A\ — Ay = {temg f— ——)|
tan® o

SM — hhf?1ﬂ_4m§mﬂﬁ—i




- m2
tan? 3 — ¢
il

SM — like h : M;; = 4m; -
e i m,_, tan? 3 — 1

only very small tan [3

=0

e "_' e g byre 2: SM-like H scenario, myp = 0

SM-like H

only very large tan [3




Scan for masses 124-127 GeV, tan beta 0.2 — 100,
M, > 300 GeV.

Mathematica and C++ (N. Darvishi)
2HDMC (not for SM-H )

Cross check re unitarity limits on lambdas,
some exp. constraints



SM-H, (solution only for v=0)
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SM-H (solution only for v=0)

Bmark| a | 8 | s |ssalcea | Ma| My [ Ma] My
| H-1 [-1.56147 | L5609 [ 100.03 | 0.019 | 0999 ] 7.23 | 13593 | 130 | 360

wrong sign Htt



Delphi 94-95

Tth — 1111

Delphi 94.05

TTA — TTTT

OPAL

— Observed Limit
—— Expected Limirt




SM-like h (solutions only for v>0)

Bumark| @ | b5 |s5alcsal My | My | My | My |[mal| v
| hel |-LIGJ036 1099 ] 0.07 | 12524 | 4591 ) 1365 ] 360 | 178 | 0.82)




For SM-like h x,~0.90-0.97

couplings, cos(beta-alpha)=0

wrong
_ g il sign
tan beta ) hbb




For SM-like h »x,~0.90-0.97

couplings, cos(beta-alpha)<0

wrong sign htt | :

tan beta



SM-like h

In GeV




Summary of results of application
of Veltman condition for 2HDM (lI)

SM-like H__: solutions only for v=0,]|x,/|~0.999,
very light h (1- 8 GeV), tan § > 40
= H, M, 124.6-126.8 GeV, Mh 1.9-7.3 GeV
M, 100-230 GeV, M_.< 310-340 GeV,
tan 3>42.4
= H M,124.2-126.3 GeV, Mh 1.2-7.2 GeV
M, 110-350 GeV, M_350-360 GeV tan 3 > 44

Problem with couplings to b both
for SM-like H and a partner h — excluded !!



Results for SM-h

SM-h: solutions only for v > 0, x,,~ 0.99,
heavy H > 450 GeV, tan 3 < 1

= M, 124.7-125.6 GeV, M,, 446- 795 GeV
M, 135.6-500 GeV, M., ~360 GeV,

m,, 178-443 GeV, tan [3 <0.68,
at 3l in agreement with S,T,U

OK?



Veltman condition for other models

Two scalar doublets (2,1) of SU(2)xU(1)
One singlet (1,Y¢ ) of SU(2)xU(1)

A. lInicka

Potential (2 doublet + real singlet)
V=V_2HDM(soft viol.Z,) + my? (2

7.+ i N
L ’\r’.‘-'rﬂl4 Ll ]fl‘ffb(biq)l W ”2'1‘:.-(1)2(1)2 L

If complex singlet



Vacuum structure

Mixed(s)

Inert(s)

For Inert case Z, symmetry @, -> - @,
for singlet with zero vev Z,’



Positivity conditions

AM>0, X>0, R+1>0, R3+1>0
/\3 15 — /\«; ‘1|- /\1 —+ /\", . R — /\3 [;“',',-"IIr \ /\ | /\'_3. R Q — /\3 ',.";r \/\ 1 /\2 ;




Veltman condition

3 » m3

3 vy 1 \ 1 .} V2 ) 3 ~ _
‘E 1T A3 ST ST 4{ 2myy + m3z) = 3( cos? 3 + cos? 3 ) MIXGd(S)
, L2 Type |

(Chatdat SAe b 2m) + {2y + m) — 0 (real s)

) 3\, =0

1 v 3 oy om?

3
(5A1+ A3+ - 3’\4 +5m)— + 7 (2miy + mz) =3

2 4 ' Tcos?f3

.. Mixed(s)
1 V2 dh 2 9, L M
(— A2 + Az + —,\4 + —?L_.. > T\ eMw + mz)=3——>— Type I

2 sin“ (3

I:> 3\ +m1+1m2=0 (real S)

A. lInicka




Veltman condition

{nr + mb}

NENRS
real
{ ALSO CONTRADICTION singlet

3

. 1. .2 2, 3 .
(A3 +5A4) 2 E{_{m; +mg) -3 — Emg 4[ 2miyy + m%)) = 1.86

~(2myy + mz) =0

3__.}.1:_;, + 1 + n2 = 0= CONTRADICTION (positivity conditions)



Veltman condition

Case of two doublets with complex singlet

e [he conditions for cancellation of quadratic divergences for doublets
stay the same

o Two additional neutral scalars (Y, = 0, v, # 0)
or charged scalars (Y, # 0,v, =0)

e For charged particles with non-zero hypercharge:

3 | » ==
3A, +m + M + Z(g" Y,;)z = 0« STILL CONTRADICTION




Conclusions

We investigated consequences of cancelation
of quadratic divergencies (Veltman condition)
at one loop

= for SM-like scenarios for Mixed 2HDM
with ~125 GeV h for x, ~ 1 OK
~125 GeV Hfor x,~+1,-1 NO

= difficult to get solution for other models with
two doublets and singlets
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