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Strong Sector in non-minimal SUSY model

Squark in the MSSM

The superpotential of the Minimal Supersymmetric Standard
Model is

W = WMSSM + WHiggs (1)

with
WMSSM = ytÛĤu ·Q̂ − ybD̂Ĥd ·Q̂ − yτ Ê Ĥd ·L̂ , (2)

and
WHiggs = µ Ĥu ·Ĥd . (3)

Higgs superfields are given by

Ĥu =

(
Ĥ+
u

Ĥ0
u

)
, Ĥd =

(
Ĥ0
d

Ĥ−
d

)
. (4)
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Higgs superfields are given by
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Ĥ0
d

Ĥ−
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Squark in the MSSM

Stop and sbottom mass matrices are given respectively by

Mt̃ =

(
m2

t + m2
Q3

+ m2
Z cos(2β)( 1

2
− 2

3
sin2 θw ) mt (At − µ cot β)

mt (At − µ cot β) m2
t + m2

ū3
− 1

3
mZ2 cos(2β) sin2 θw

)
(5)

Mb̃ =

(
m2

b + m2
Q3
− m2

Z cos(2β)(− 1
2

+ 2
3

sin2 θw ) mb(Ab − µ tan β)

mb(Ab − µ tan β) m2
b + m2

b̄3
+ 2

3
mZ2 cos(2β) sin2 θw

)
(6)

The mixing t̃R − t̃L is relevant and t̃1 is the lightest squark

m2
t̃1,2

=
1

2

(
m2

t +m2
Q3

+ 2m2
t +

1

2
m2

Z cos(2β)

±
√

(m2
Q3

−m2
ū3

+ (
1

2
− 4

3
sin2 θw ) cos(2β)m2

Z )
2 + 4m2

t (At − µ cotβ)2
)
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TNMSSM

Triplet & Singlet

The superpotential of the model1 is WTNMSSM = WMSSM + WTS

with

WMSSM = ytÛĤu ·Q̂ − ybD̂Ĥd ·Q̂ − yτ Ê Ĥd ·L̂ , (7)

and

WTS = λT Ĥd · T̂ Ĥu + λS ŜĤd · Ĥu +
κ

3
Ŝ3 + λTS Ŝtr[T̂

2]. (8)

Triplet and doublets superfields are given by

T̂ =

√1
2 T̂

0 T̂+
2

T̂−
1 −

√
1
2 T̂

0

 , Ĥu =

(
Ĥ+
u

Ĥ0
u

)
, Ĥd =

(
Ĥ0
d

Ĥ−
d

)
.

(9)

1JHEP 1509 (2015) 045, JHEP 1512 (2015) 127, arXiv:1512.08651
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TNMSSM

In any scale invariant supersymmetric theory with a cubic
superpotential, the complete Lagrangian with the soft SUSY
breaking terms has an accidental Z3 symmetry. Such terms are
given by

Vsoft = m2
Hu
|Hu|2 + m2

Hd
|Hd |2 + m2

S |S |2 + m2
T |T |2

+m2
Q |Q|2 + m2

U |U|2 + m2
D |D|2

+(ASSHd · Hu + AκS
3 + ATHd · T · Hu

+ATSSTr(T 2) + AUUHU · Q + ADDHD · Q
+h.c.), (10)

We have performed the scan using the following criteria for the
couplings and the soft parameters

|λT ,S ,TS | ≤ 1, |κ| ≤ 3, |vs | ≤ 1TeV, 1 ≤ tanβ ≤ 10,

|AT ,S,TS,U,D | ≤ 1GeV, |Aκ| ≤ 3GeV,

65 ≤ |M1,2| ≤ 103 GeV, 3× 102 ≤ mQ3,ū3,d̄3
≤ 103 GeV

. (11)
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Squark in TNMSSM

The mass matrices for stop and sbottom in this model are

Mt̃ =

(
m2

t + m2
Q3

+ 1
24

(
g2
Y − 3g2

L

) (
v2
u − v2

d

)
1√

2
AT vu +

yt vd
2

(
vTλT√

2
− vSλS

)
1√

2
AT vu +

yt vd
2

(
vTλT√

2
− vSλS

)
m2

t + m2
ū3

+ 1
6

(
v2
d − v2

u

)
g2
Y

)
(12)

Mb̃ =

(
m2

b + m2
Q3

+ 1
24

(
g2
Y + 3g2

L

) (
v2
u − v2

d

)
1√

2
ADvd +

ybvu
2

(
vTλT√

2
− vSλS

)
1√

2
ADvd +

ybvu
2

(
vTλT√

2
− vSλS

)
m2

b + m2
d̄3

+ 1
12

(
v2
u − v2

d

)
g2
Y

)
(13)

In this model At is indipendent from yt and the µ parameter of
MSSM is dynamically generated through

λT Ĥd · T̂ Ĥu + λS ŜĤd · Ĥu
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t̃1 → t χ̃0
1

Squark searches are made usually under the assumption of

Br(t̃1 → t χ̃0
1) = 1
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t̃1 → t χ̃0
1

However this is not always true in non-minimal SUSY theories,
such as TNMSSM
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t̃1 → b χ̃±1

Another possibility for the squark decay is the channel

t̃1 → b χ̃±
1

ATLAS-CONF-2016-009
16 Mar 2016
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t̃1 → b χ̃±1

Again the channel
t̃1 → b χ̃±

1

is assumed to have Br = 1 and mt̃1
- mχ̃±1

= 10 GeV

400 500 600 700 800 900 1000

100

200

300

400

500

600

m t
�

1
HGeVL

m
Χ� 10

HG
eV

L

Br H t
�

1 ®b , Χ
�

1
± L

0

0.2

0.4

0.6

0.8

1.0



Strong Sector in non-minimal SUSY model

t̃1 → b χ̃±1

Again the channel
t̃1 → b χ̃±

1

is assumed to have Br = 1 and mt̃1
- mχ̃±1

= 10 GeV

400 500 600 700 800 900 1000

100

200

300

400

500

600

m t
�

1
HGeVL

m
Χ� 10

HG
eV

L

Br H t
�

1 ®b , Χ
�

1
± L

0

0.2

0.4

0.6

0.8

1.0



Strong Sector in non-minimal SUSY model

t̃1 → b χ̃±1

Again the channel
t̃1 → b χ̃±

1

is assumed to have Br = 1 and mt̃1
- mχ̃±1

= 10 GeV

400 500 600 700 800 900 1000
1

5
10

50
100

500
1000

m t
�

1
HGeVL

m
t� 1

-
m

Χ� 1±
HG

eV
L

Br H t
�

1 ®b , Χ
�

1
± L

0

0.2

0.4

0.6

0.8

1.0



Strong Sector in non-minimal SUSY model

t̃1 → b χ̃±1

It was also analyzed the case

t̃1 → b χ̃±
1

with Br = 1 and mχ̃±1
= 2mχ̃0

1

ATLAS-CONF-2016-009
16 Mar 2016
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Conclusion

I LHC is improoving the previous searches for superpartners of
the SM quarks

I most of the attention is devoted to MSSM-like scenarios

I extensions of MSSM can have different behavior in both
strong and weak sectors
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Conclusion

Thank You!
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Backup

Vacuum and Scalar Spectrum

To determine the tree-level mass spectrum, we consider the
tree-level minimisation conditions,

∂Φi
V |vev = 0; V = VF + VD + Vsoft , Φi = H0

u,d , S ,T
0. (14)

Each field takes a vacuum expectation value (v.e.v.), which we
choose to be real in order to preserve CP. VF and VD are the
supersymmetric F-terms and D-terms extracted from the
superpotential. Vsoft is the scale invariant, soft-breaking part of
the potential. The minimization conditions are solved w.r.t. the
soft-breaking masses of the scalars. We then have

CP-even
h1, h2, h3, h4

CP-odd
a1, a2, a3

Charged
h±1 , h

±
2 , h

±
3
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Backup

At tree-level the maximum value of the lightest neutral Higgs is

m2
h1
≤ m2

Z (cos2 2β +
λ2
T

g2
L + g2

Y

sin2 2β +
2λ2

S

g2
L + g2

Y

sin2 2β) (15)

ΛT =0.8 ΛS =0.1

ΛT =0.1 ΛS =0.8

ΛT =ΛS =0.8

2 4 6 8 10
tan Β

100

120

140

160

180
mh1

Tree-level lightest CP-even Higgs mass maximum values with
respect to tanβ for (i) λT = 0.8, λS = 0.1 (in red), (ii)
λT = 0.1, λS = 0.8 (in green) and (iii) λT = 0.8, λS = 0.8 (in
blue).



Strong Sector in non-minimal SUSY model

Backup

One-Loop Higgs Masses

We calculate the one-loop Higgs mass for the neutral Higgs bosons
via the Coleman-Weinberg effective potential

VCW =
1

64π2
Str

[
M4

(
ln

M2

µ2
r

− 3

2

)]
, (16)

where M2 are the field-dependent mass matrices, µr is the
renormalization scale, and the supertrace includes a factor of
(−1)2J(2J + 1) for each particle of spin J in the loop.
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Backup

Using the VCW one-loop potential we have the following one-loop
expression for the scalar Higgs boson mass matrix

(∆M2
h)ij =

∂2VCW(Φ)

∂Φi∂Φj

∣∣∣∣
vev

−
δij
〈Φi 〉

∂VCW(Φ)

∂Φi

∣∣∣∣
vev

=
∑
k

1

32π2

∂m2
k

∂Φi

∂m2
k

∂Φj
ln

m2
k

µ2
r

∣∣∣∣
vev

+
∑
k

1

32π2
m2

k

∂2m2
k

∂Φi∂Φj

(
ln

m2
k

µ2
r

− 1

)∣∣∣∣
vev

−
∑
k

1

32π2
m2

k

δij
〈Φi 〉

∂m2
k

∂Φi

(
ln

m2
k

µ2
r

− 1

)∣∣∣∣
vev

(17)

where we have included the one-loop correction to the
minimization conditions.
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