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SQUARK IN THE MSSM

The superpotential of the Minimal Supersymmetric Standard

Model is
W = Whissm + Whiggs (1)
with
Wissm = ye UFy-Q — yoDFy-Q — y-EFy L, (2)
and
WHiggs = /:Iu : I:Id' (3)

Higgs superfields are given by

i Hf i g
= () Fa= (i) @
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Stop and sbottom mass matrices are given respectively by

2 2 2 1242 .
my + mg, + mz cos(2B)(5 — § sin® Ow) m¢(Ar — pcot 3)
= ( )

m¢(Ar — pcot 3) m? + m%a - %mZ2 cos(28) sin? O,

mp(Ap — ptan B) mi + m%S + %mZ2 cos(28) sin? 6,,

2 2 2 1 2 02
my, + mg, — m7 cos(2B)(—5 + 5 sin“ Oy) mp(Ap — ptan 3)
mg = ( ’ ) (6)
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The mixing g — 1 is relevant and #; is the lightest squark
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Stop and sbottom mass matrices are given respectively by

m mf + még + mzz cos(ZB)(% — % sin? 6,,) m¢(Ar — pcot 3) ( )
t m¢(Ar — pcot 3) m? + m%a - %mZ2 cos(28) sin? O,

m mlz, + méS — mQZ cos(2ﬁ)(7% + % sin 6,,) mp(Ap — ptan 3) (6)
b mp(Ap — ptan B) mi + m%S + %mZ2 cos(28) sin? 6,,

The mixing g — 1 is relevant and #; is the lightest squark

1 1
m%,z = 3 (mf + mé3 +2m} + Emé cos(203)

+ \/(m"c’)3 —m3 + (% - %sin2 Ow) cos(28)m2)2 + 4m2(A; — pcot 5)2)
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with
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TRIPLET & SINGLET

The superpotential of the modell is Wrnmssm = Wiissm + Wrs
with

Wissm = ye UF,-Q — yoDHy-Q — y-EAy-L (7)
and
K

Wrs = )\Ti_\ld . ii_f:/u + )\ng:/d . i_\lu + 3

53+ ArsSt[T?]. (8)

Triplet and doublets superfields are given by

150 T+ P
po (V3T T i, = (o fly =
A 150 ]’ u Ho ) d
T, /5T u

1JHEP 1509 (2015) 045, JHEP 1512 (2015) 127, arXiv:1512.08651
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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
Vit = mipy,|Hul® + miy |Hal®> + m3|S|* + mF|T|?
+mi|QI* + m|U|* + mp|DJ?
+(AsSHy - H, + A.S® + ArHy - T - H,
+ArsSTr(T?) + AyUHy - Q + ApDHp - Q
+h.c.), (10)
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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
Vit = mipy,|Hul® + miy |Hal®> + m3|S|* + mF|T|?
+mi|QI* + m|U|* + mp|DJ?
+(AsSHy - H, + A.S® + ArHy - T - H,
+ArsSTr(T?) + AyUHy - Q + ApDHp - Q
+h.c.), (10)

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

IATs.7s| <1, k] <3, Jvs] <1TeV, 1 <tan g < 10,
|AT.s,15,u.0] <1GeV, [A;| < 3GeV,
65 < [My1] <10°GeV, 3 x 10* < mg, 4, 4, < 10° GeV
(11)
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The mass matrices for stop and sbottom in this model are

m? -+ m, + 3 (8% —382) (V2 — 3)
mZ: LAV-%—nvd(ﬂ—v)\)
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mf o+ my, + & (&8 +3¢F) (V2 - 3)
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1 YoVu (VTAT _
v3/pvd + 75 ( el Vs*s)
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The mass matrices for stop and sbottom in this model are

o (R ED D) e ()
t %ATVU-FYtzvd (%—VSAS) m?+m%3+% (vg—‘f) &y

o [T ) (2d) Jpnon e (T - es) (13)
b L Apvs + 2 (YT~ usis) mtmd g (V- v) e

In this model A; is indipendent from y; and the u parameter of
MSSM is dynamically generated through

~

)\Tl:ld- ?_/:/u + /\sgl\d
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Squark searches are made usually under the assumption of

Be(f, — t§9) =1
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[ n -0
t] = tXg

However this is not always true in non-minimal SUSY theories,
such as TNMSSM
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Another possibility for the squark decay is the channel

'i'l — b)%it
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Again the channel
t— by

is assumed to have Bz =1 and my, - Myt = 10 GeV
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Again the channel
t— by

is assumed to have Bz =1 and my, - Myt = 10 GeV
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It was also analyzed the case
El — b)'('it

with Br =1 and m)zli = 2m>~<9

T, 1, production, T, - b 7, mir) =2 x m(z)
e

5 350 L B I B B
8 [ B=13Tev,32m" ATLAS Preliminary
o[ = ovservedlimit (¢163°) Al limits at 95% CL
E 300 — Expected limit (1 6,,) B
—— ATLAS 8TeV, 203 fb-1 (2L) =t
B ATLAS 8 TeV, 20.3 fb-1 (1L) -
250 JURELS

200

PN ENETETEN AET AN STATETEn Y A

500 520 540 560 580 600

m(t) [GeV]

ATLAS-CONF-2016-009
16 Mar 2016



STRONG SECTOR IN NON-MINIMAL SUSY MODEL
t; = bX;

It was also analyzed the case
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It was also analyzed the case
t— bxi

with Br =1 and mﬁt = 2m>~<f1)
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CONCLUSION

» LHC is improoving the previous searches for superpartners of
the SM quarks
» most of the attention is devoted to MSSM-like scenarios

> extensions of MSSM can have different behavior in both
strong and weak sectors
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Backup

VACUUM AND SCALAR SPECTRUM

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

Oo;VIer =0; V= Vg + Vp + Viorr, i =HJ,4, S, T (14)

Each field takes a vacuum expectation value (v.e.v.), which we
choose to be real in order to preserve CP. Vg and Vp are the
supersymmetric F-terms and D-terms extracted from the
superpotential. Vo5 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 CP-odd Charged

h1, hy, hz, ha a1, a2, a3 hE, b5, hy
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At tree-level the maximum value of the lightest neutral Higgs is

22 272
2 2 (2 T .2 S 2
m < m%z(cos” 23 + sin“23 + sin©2/3) (15)
= g + &y 8t + &y

My,
180,
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2 4 6 8 101anﬁ
Tree-level lightest CP-even Higgs mass maximum values with
respect to tan 3 for (i) Ar = 0.8, As = 0.1 (in red), (ii)
At = 0.1, As = 0.8 (in green) and (iii) A+ = 0.8, As = 0.8 (in
blue).
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Backup

ONE-LooP HicGs MASSES

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

1 m2 3
Vew = ——Str [m* {1 - = 16
ow =g (i =3)] 0o
where 172 are the field-dependent mass matrices, s, is the
renormalization scale, and the supertrace includes a factor of
(—1)?/(2J + 1) for each particle of spin J in the loop.
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Using the Vow one-loop potential we have the following one-loop
expression for the scalar Higgs boson mass matrix

92 Vow(P) 5 OVow(®)
2y, 7y
BIi = “5e00; |, @) 09 |,

N p 3212 0; 0®;  p?

1, 82mi mi
In— —1
+§k: 3272 Mk 8¢,-8<Dj A ,u%

1 5, 6 ami (Inml%—1>

) Zk: 322 (o) 0, \" 2

vev

(17)

vev

where we have included the one-loop correction to the

minimization conditions.
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