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Introduction

® Presence of scalar fields with color and electric charge in SUSY
induces the possible existence of dangerous charge and color
breaking minima, which would make the standard vacuum unstable

® There are potentially dangerous directions in the field space along
which the potential becomes unbounded from below

® One can derive a set of necessary and sufficient conditions to avoid

dangerous directions

® They are very strong and large regions of parameter space become

forbidden I



UFB and CCB minima

Appearance of UFB and CCB minima is not a shortcoming since
any SUSY models can be discarded on these grounds,

iImproving the predictive power of the theory

|



Scalar potential — Radiative correction

The tree level scalar potential Vj is strongly (Q-dependent

The one-loop radiative corrections to it are crucial to make the potential
stable against the variations of the () scale

The complete one-loop potential V; = Vi + AV, has a very
complicated structure

Minimization becomes an impossible task

In the region of () where AV; is small, the predictions of V; and V;
essentially coincide

Moreover, this corresponds to the maximal @Q-invariance of h_l



Triplet extension of MSSM

Triplet extended SSM was introduced mainly to enhance
the tree level Higgs boson mass

Espinosa, Quiros, 1991
With additional triplet it is possible to have spontaneous CP
violation

The lightest Higgs boson mass has been calculated
with extra triplet chiral superfields with hypercharge,
Y =0, +1

The one loop correction to the Higgs boson mass was calculated for
MSSM with a Y = 0 scalar triplet I

Stefano di Chiara (2008)



TESSM

we are interested in studying the stability of the EW minimum of the
TESSM scalar potential.

If the EW minimum is not a global minimum, correct EW symmetry
breaking is not realized and its viability spoiled.

It is therefore important to determine the constraints on the parameter
space that ensure that the EW minimum is stable.

For MSSM, there are a few directions possible along which the
potential becomes Unbounded From Below (UFB)
Casas, Munoz, Lleyda (1995)

we would like to perform a full analysis of the UFB directions of the I

TESSM potential.



TESSM

The field content of TESSM is equal to that of MSSM
extended by a Y = 0 SU(2) triplet chiral superfield, whose
scalar component can be written in matrix form as
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TESSM- scalar potential
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T are group generators and ¢¢ runs over the
scalar components of all the chiral superfields
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The full potential is then given by:
V=VWp+Vr+Vs’



Soft SUSY breaking terms

Ve =
1 BrTe(TT) + jup B Hy- Hy + NAgHy-TH, + y, A Hy - Qr + h.c.}

+mZTe(TIT) + m%, |H,|” +m2 |Hgl* + ...

B



EW symmetry breaking VEVs

iy, =y~ 5L (42— 13) + Bt — £ (0] +8) +
AvT {,UD_ (%‘I-M ):})—} :
2 2
my, = —pp + G5 (0] = 03) + Bpup®: — % (0 +v7) +

m = =2 (v3 + v2) — 2ur (Br + 2pr) +
Mup et — (A + pr) |

Allow to determine three free prameters in terms of other ones I




EW minimum

Using these equations one derives the expression for the
potential at the EW minimum:

VEw =

O HOL (2 — 2)° — X Tp22 4 g2 (03 +02)] -

AL [vguy (A + 2u7) — (v +v2) o

We choose to simplify our analysis by evaluating Viw at

the EW scale v,, = 246 GeV



Stability condition

By taking all the vevs to be zero, the requirement that one
of the eigenvalues of the neutral scalar squared mass
matrix be negative is equivalent to imposing the condition

m2 m2
Bg>u%<ﬂf2;d+1)(uf§u+1).

D

When the condition above is satisfied, one can derive an
important bound on the mass of the lightest neutral Higgs

2 < 2 22 A2 -2 Uy
O 5 —+ 111 213 tan § = &
mh(l) < my (C S 72 g% S ) vy

Possible to generate correct light Higgs boson mass at the tree level

(low tan 3, order one \) I



Unbounded from below directions

In SUSY models the potential is generally stable, the quartic terms are
generated by the superpotential as well as by the gauge interactions
(D-terms) and the SUSY tree-level potential is semidefinite positive.

If the quartic terms cancel, soft mass squared terms can eventually
drive the potential to negative infinite values.

In general to find the deepest UFB direction of a supersymmetric
theory in an N field subspace, one solves the minimization conditions
with respect to NV — 1 fields, and then substitutes the solutions in the

|

potential which turns out not to have quartic terms.



Non-zero charged real VEVs

The set of nonzero charged real vevs we work with is defined by:
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Relevant VEVs

To determine the sets of nonzero vevs which allow for UFB directions,
we look for those vevs combinations that can cancel all the D and
quartic F terms. Requiring the superpotential derivative with respect to
the triplet components to cancel, we obtain:

OWrrssm __ 0 - .
g =0, ¢=T"T"T = vy =

0 A (g =0V vy = 0)

Besides vy, requires either vgo or vyo to be zero. Indeed
It can be shown that there is no vevs combination
canceling all the quartic terms for nonzero vy0, and

therefore we impose: vyo = 0 I



Relevant VEVs

After imposing vyo = 0 and requiring the cancellation of the
quartic F terms corresponding to the H) and H fields,
also the stop and charged triplet vevs turn out to be zero:

VLB — (), @5 = H), Hy = v; = vp+ =0
J



Relevant VEVs

Having set to zero the charged doublet and triplet Higgs vevs as well
as the stop and the neutral down Higgs ones the only nonzero D and
quartic F terms left are, respectively

Vb D —g%;;g% (U~2 — ’U,% + U%rg)

b

1(,,2,4 2 N2 2
Vi D 3 (ybvg — \/iyboz)\vgvHSUTo -+ 7UH8UT0)
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Relevant VEVs

Assuming a nonzero neutral up Higgs vev, we find therefore that it is
possible to cancel all the quartic terms for the following sets of nonzero

VEevS:

’UHg?éO A v,;yéO A
((vTo:O A\ ’U;):O)\/(’UTo:O A vgoc,/ng)V(vTo#O A\ v;);é()))

with the other vevs being all identically zero. The only other possible
set of non-trivial vevs canceling all the quartic terms is

UTO#O \/UT:l: #0
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Stability Constraints — UFB-1

Case -1 — vyo # 0, all the other vevs 0

2

Virp-1 = =2 [m3 + 2ur (Br + 2ur)]

We evaluate at a renormalization scale A of the order of
the heaviest mass in the physical particle spectrum, so as
to minimize the contribution of quantum corrections, which
we neglect entirely

a given point in parameter space is stable against
tunneling to UFB—1 if

Vew (V) < Vurg—1 (A) , vy S A< Apy, v50 ~
2 max [¢2, 2] ' A2 I



Stability Constraints — UFB-2

Slightly more complicated case with only two nonzero vevs

Vv 040050 =

1 |,2..2 2 2\ .2 gitgi (2 a9\’

5 miyvs -+ (mHg -+ ND) /UHQ + 16 (Uﬂ — UHg)

m7 is the soft mass squared of the slepton doublet L

By requiring the potential above to be flat along the v;
direction we find

2
2 8m7y

_ 2 _ o
a%v’vmg#oavz;#o =0 =5 = Upo 92 +42



Stability Constraints — UFB-2

The deepest UFB direction corresponding to our choice of
nonzero vacua:

V2

_ _HY 2 2 2
Vurp_2 = 5 (mL +mH8 +,uD) —

4
QmL
95 +97

Analogously to the stablility constraint derived from the
UFB—1 direction, a point in the TESSM parameter space
may feature a stable EW minimum only if

Vaw (Vo) < Virg_2 (A) ,  ve <A< Ayy, v2>

0, vk ~2max[g], Ay A’

All the couplings and dimensionful parameters are I
evaluated at A.



Stability Constraints — UFB-3

The case with three nonzero vevs, is a little more
complicated, but the potential can be readily simplified by
Imposing its derivative with respect to v; to be zero:

2
2 9 2 8m7
b= Vo T

67)17‘/’ng7£07@57£07@177£0 — O = v b o g%-{—g%

V’ v 070, %7’50,%750 —
yb o _|_ (m% +mg + mz — ﬂyb@v[{gm)) +

2
HO

5 (m% + m%[g =+ ,LL%) —

4
2mL
gi-+97
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Stability Constraints — UFB-3

By requiring the potential above to be flat along
the v; direction and solving for v; we find

9 ﬁngyb|uD|—m%—m%—mg
vE = 5
Yy

The deepest UFB direction corresponding to our choice of
nonzero vacua

VUFB—S —

2 2 2 2 2 2 22
m? +m? g e | (m Am +m? Jvyg _ (miAm{rm2)”  omd
L HY 2 V2 4yp 9y +97

where mé Is the soft mass squared of the squark doublet ¢)
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Stability Constraints — UFB-3

The corresponding stability constraint that any point in the
TESSM parameter space has to satisfy is
Vew (Vw) < Vure—3 (A) , vy <A < Ayy, v%m,% >

0, vlg~2max[g}, A% yF] " A’

Require the potential to be flat along the vo direction
instead
2 _ V2040

’U~
b Yb

2 2 2
mL—{—mHO 1
u

1D

B



Stability Constraints — UFB-3’

In this case the potential along the deepest UFB direction
IS

(1 +m2 ) (mi4m2 g+ )

V/ — U U v
UFB-3 20 HO +
2 02 2
MLTMyo THD | m7 +mg+m? " 2m7
0 —
755 V2ys Ho ™ g3 +47




Stability Constraints — UFB-4

Finally, we take up the last scenario:
VHO #= 0 A vy # 0 A vpo 7&0/\’05#0,

The requirement for the potential to be flat along the v direction
determines v; as earlier

The remaining minimization conditions produce rather involved
solutions, which turn out to be complex on a large and disconnected
region of field space.

For this reason we choose simply to cancel the quartic F terms

9 | Avr0 |vH8

UE - \/§yb I




Stability Constraints — UFB-4

The potential along the plane expressed in terms of the remaining two
VEVS

,02

2
VurB—a = £ [m3 + 2ur (Br + 2p7)] + =5 (m% +mio + M%) -

2m‘i |>"UT|UH8 2

2 2
9y +93 T 24/2ys, (mL Tmg Tt mb)
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Viable parameter space

The first relevant phenomenological constraint is given by the T
parameter, which in TESSM receives a nonzero contribution already at
tree level

om? Ap2
aJl ==L <02, vi =0 +0s, vd =0f 4 4ok =

%%
2462 GeV?

To satisfy the constraint above we take a small but
non-zero fixed value for vr

U — 3\/§ GeV

|



Scanning the parameter space

We then scan a large region of the TESSM parameter space, defined
by

1 <tgp <10, 5GeV < |up,ur| <2TeV, 50GeV < My, M| < 1TeV
‘At,AT,BD,BT‘ < 2TeV , 000 GeV < meg, mg, My < 2TeV

for data points producing the observed mass spectrum for SM

fermions and gauge bosons and satisfying the direct search
constraints defined below

mpo = 125.54+0.1GeV ; ma, ,, myo > 65 GeV ;

X1,2,3,4,5

Mpg Lo My, T > 100 GeV ; Mg, M, > 650 GeV I



Allowed. region of parameter space

(M.Das, S. Di Chiara, SR, PRD (2015))
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Grey points are unstable and colored points are stable.
Rule out large negative soft squared mass m%,u I



Allowed region of parameter space

pp (TeV)

Grey points are unstable and colored points are stable.
Rule out a large |up)| I



Higgs boson diphoton cross section
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Stability constraints require the mass of the lightest chargino (and I



Fine tuning

A simple estimate of FT in supersymmetry is given by the logarithmic
derivative of the EW vev v,, with respect to a given model parameter p,,

This represents the change of v,, for a 100% change in the given
parameter

£ = 0 log fufu
Hp = Olog p2(A)
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Fine tuning in m;;
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Grey points are unstable and colored points are stable. FT is about
26% higher after imposing the stability constraints
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Fine tuning in m3;

1400
1200} 2
1000 8
= 800 S
600 48
400 33
200} JEERPX

Data points featuring low amount of fine tuning are unstable



Conclusions

® We studied the Unbounded From Below (UFB) directions in the
potential of a Y = 0 SU(2) triplet chiral superfield extension of MSSM

® |Looked for sets of nonzero vevs that can cancel the quartic terms
belonging to the D and F sectors of the TESSM tree level potential

® We found four inequivalent sets of vevs that allow for UFB directions
in the tree level potential

® Soft up-type Higgs mass My, and up are generally smaller than
about 1 TeV

® Lightest chargino lighter than about 700 GeV

® Fine tuning is about 26% higher I

® Stability constraints should be taken.into.account
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