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THE MASS OF THE STOP IN THE NMSSM
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Abstract: The Next Minimal Supersymmetric Standard Model (NMSSM) is one of the
expansion models of the Standard Model (SM) to solve some outstanding problems that
Standard Model has not yet solved. The particles superpartner in SM are now interesting
searched for on accelerators. The stops are superpartner of the top quarks and are predicted
to be easy to find because there are the smaller masses in the partners of the quarks. In this
paper, we calculate the stop mass and evaluates the influencing parameters with the hope that
experimentation will soon find these new particles.

Keywords: NMSSM, stop, CP violation.

Received 15 June 2023
Revised and accepted for publication 24 July 2023
Contact author: Nguyen Chinh Cuong; Email: cuongnc@hnue.edu.vn

1. INTRODUCTION

The Next Minimal Supersymmetric Standard Model (NMSSM) is the supersymmetric
extension of the Standard Model (SM) [6] to solve some outstanding problems of SM as well
as previous minimal supersymmetric expansion such as: Solve hierarchy problem, CP violation
problem, p problem... [1, 2, 3, 10]. Extending supersymmetry in a minimal way requires adding

2 Higgs SU (2), pairs Hu,H 4> the vacuum average value (vevs) of H_,H, generates the mass

of particles of quarks up, quark down and the charge of lepton corresponding [5] but the
problem is the mass parameter of supersymmetry p which has th hierarchy of Msusy and it is
called the p problem MSSM.

A simple way to solve this problem is to create the one mass term p (supersymmetry) in a
similar way to generating mass of quark particle and lepton mass in SM: the mass term p 1is
made up of by Yukawa interaction of H_and H 4 [5,6] with the scalar field and to ensure the
hierarchy there must be the vevs of the scalar field deduced from the soft SUSY breaking

condition. When the pu parameter has no quantum number of the group
SU3). ®SU(2), ® U(1), [1,2,3,5], the input field is S single groups [4,9] (complex scalar

components of chiral scalar superfield S) that is The Next Minimal Supersymmetric Standard
Model (NMSSM) and is also denoted (M + 1) SSM [1,5].
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By giving the the hierarchies for the parameter p of MSUSY that forms the theoretical

basis for NMSSM: the two Higgs complex scalar of Hy, and Hqs of MSSM must be contained
in the components of the chiral superfield and complement the fecmion interaction SU(2)

includes \/, and VY . The Lagrangians of MSSM may contain supersymmetry mass term
of fields, squared masses u2 of ‘Hulz and ‘H d‘z are always positive, Dirac masses p of

and V. The presence of the supersymmetry mass term is proportional to the p term in
Lagrangian, a soft SUSY that breaks the mass term B H H, may also appear when a soft
SUSY breaks the dimension parameter B of mass [5,6]

The lagrange of NMSSM will be built to include two parts as the supersymmetry
lagrange and the soft symmetry breaking lagrange.

The Higg potential V in the NMSSM model has the form: [4]
V=V +V,+V, (1)

Here (471 ¥, = S (H. G H, + H, GH,) + S (1 ~[H [y,
Ve =af | (1 + L )INE |+ VT = (20 HHNT + Hee),
Vo=m,|H\| +m’,, |H,| +m,|N| - (EAAHIHZN + %kAkN3 + H.c),

with gi and g» being the U(1) and SU(2) gauge coupling constants respectively,
6 =(c',0%,0°) are the Pauli matrices.

To break the spontaneous symmetry and the mass calculation of particles in the model, we
can be the expression of the doublet (Hi, H>) and singlet N following forms: [4]

g _(VI +S, +iAsinﬂj

' sin SC*
H, = cos SC , 2)
v, + 8, +idcos B
N=(x+X+iY),

where Si, Sz, X are the scalar Higgs fields, A and Y are the pseudoscalar Higgs fields, C*
is the charged Higgs field, v,,v, and x are the vevs of Hi, H2 and N respectively.

Instead of the lagrang we obtain a squared matrix of stop masses A in the basis f R i 7 [9:8]:

2 +h2 2 _ 22 g_l Ay — |
n m, Vv, (Vu vV, ) 3 ,( v, ,ueﬁvd) | | 5
h[(AtVu —,Ueﬁvd) mQ32 +h12Vu2 +(V“2 _de)(%—gTZ)
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2. THE MASS OF THE STOP

To calculate the square of the mass of the stop, we use the matrix cross method (3). The
components on the diagonal will correspond to the square of the mass of the stop, ie we obtain
two superpartners of the top quark.

The unita matrix, orthogonal V make cross the matrix A according to the formula
VAV = 4" )
Orthogonal V is calculated which has form

V:£Z+\/Z Z—\/KJ
i

5
{ ©)

1

2 2
1 2 5
Ao {—(mQ32 —mTz)nL(—mW2 —Em__zjcos2ﬁ} +

2 3
Here 1 2 (42 + 2% cot? B+ 24 Ascot Beos g,
1 5,1
Z :E(mr2 —mQ2)+v2 cos2ﬂ(£g12 —ggzz)

The matrix of the squared mass of the stop after being crossed has the form
4 a, 0 6
Lo a, &

1

1 27T
m? +—(m 24m 2) 1 2 5 2 , 5 5
t 03 T - _ “~ _ 2
Here [4]: , 22 ~ 2(mQ3 m.")+ BTN B
+ cos2f 2( 42 4 722 et
4 +m, (A, +A%s” cot ,B+2A,xlscotﬁcos¢,)

1 272
m2+—(m 2+7’Vlz) 1 2 2 (2 2 S 2)
‘ 0 T —(m, —m,.)+| —m, ——m_ |cos2
22: 22 + 2( O3 T) 3 w 12 z ﬂ

m
+ j cos2f3 +m} (A,2 +A%s*cot’ B+2A4 s cotﬁcos¢t)

2 2 2
with: cosg =—1; m,} =(g12 +g22)v3;mwz = g22V : tanﬁ:i; mTZ;mQ32 are the square of
v

d

the mass of the 3rd generation; v =, /vuz +v,? =175GeV [4].

Based on the evaluation conditions of parameters of NMSSM according to the references
[4]: 2<tanf<40; 0< A4, <1TeV; 0<m, <1TeV;0<m, <1TeV; y, =As>100GeV We

can evaluate the mass of the stop.
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3. THE INFLUENCE OF THE PARAMETERS ON THE MASS OF THE STOP

To evaluate the influence of tanf3 on stop mass, we choose the following parameters [4]:
A= 807GeV; m; =494GeV; mqg3 = 667GeV; perr= 100GeV.
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Figure 1. Influence of tanf} on stop mass
From the result in Figure 1 we see that the stop mass m1 is around 448.5 - 451.5GeV, and
the stop mass m2 is around 736 - 738 GeV. The influence of tanf} on the mass of 2 stops is

small, in the variable range of tanf} from 5 - 40, the mass of these stops changes only around
0.27% - 0.3%.

To evaluate the influence of A on stop mass, we choose the following parameters [4]: tanf3
=5; m=494GeV; mq3 = 667GeV; perr = 100GeV.
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Figure 2. Influence of A; on stop mass

From the result in Figure 2 we see that the stop mass m; is around 440 — 520GeV, and the
stop mass my is around 700 - 750GeV. The influence of A on the mass of 2 stops is not small,
in the variable range of A; from 0 — 1TeV, the stop mass mi changes about 15%, stop m2
changes about 6%. To evaluate the influence of mq3; on stop mass, we choose the following
parameters [4]: A= 807GeV; tanf3 = 5; m; = 494GeV; perr = 100GeV.
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Figure 3. Influence of mqs on stop mass

From the result in Figure 3 we see that the stop mass m is around 100 — 500GeV, and the

stop mass m; is around 600 - 1000GeV. The influence of mq3 on the mass of 2 stops is very

large, in the variable range of mq3 from 0 — 1TeV, the stop mass m; changes about 80%, stop

m?2 changes about 40%. To evaluate the influence of m;on stop mass, we choose the following
parameters [4]: A= 807GeV; tanf3 = 5; mq3 = 667GeV; perr = 100GeV.
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Figure 4. Influence of m¢ on stop mass

From the result in Figure 4 we see that the stop mass m is around 100 — 700GeV, and the
stop mass my is around 750 - 1000GeV. The influence of mr on the mass of 2 stops is very
large, in the variable around of mt from 0 — 1TeV, the stop mass m; changes about 85%, stop
m?2 changes about 25%.

To evaluate the influence of m¢on stop mass, we choose the following parameters [4]: A;
=807GeV; tanf3 = 5; m; = 494GeV; mg3 = 667GeV.
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Figure 5. Influence of et on stop mass

From the result in Figure 5 we see that the stop mass m is around 455 — 475GeV, and the
stop mass my is around 725 - 735GeV. The influence of Lefr on the mass of 2 stops is small, in
the variable around of mr from 0 — 1TeV, the stop mass mi changes about 4%, stop mz changes
about 1.3%.

4. CONCLUSION

From the study to evaluate the mass of stops in NMSSM and the effect of the parameters
in the model on the mass of these stops, we obtain the following main results:

1. The mass of two stops is significantly different. The mass of the lighter stop will be in
the around 400-500GeV. The mass of the heavier stop will be in the around 700-750GeV.

2. The influence of parameters m; and mq3 on stop mass is very large. The influence of
the parameters [L.fr and tanf3 on the stop mass are very small. The A parameter has influence a
stop in the about 10%.

3. The influence of the parameters on lighter stop mass will be greater than the heavier
stop mass.

These evaluations will hopefully give us a better understanding of the mass of the stops
as well as provide value for measuring or calculating the physical effects related to stops in
NMSSM.

REFERENCES

1. Nguyen Chinh Cuong, Pham Xuan Hung, Le Hong Thang. The influence of CP —Violation on the
mass of some particles in the NMSSM. Scientific Journal of HaNoi Metropolitan university, Vol. 2,
No. 1 (2016), pp. 22-30.

2. Derendinger J. P. (1990). Globally supersymmetric theories in four and two dimensions. World

Scientific, Singapore.

Greiner W., Muller B. (1993). Gauge theory of weak interactions. Springer-Verlag, New York.

4. Ulrich Ellwanger, Cyril Hugonie, Ana M. Teixeira (2011). The Next-to-Minimal Supersymmetric
Standard Model [arXiv:hep-ph/0910.1785].

5. D.J. Miller, R. Nevzorov and P. M. Zerwas (2004). The Higgs Sector of the Next-to-Minimal
Supersymmetric Standard Model. Nucl. Phys. B 681, [arXiv:hep-ph/0304049].

6. Ulrich Ellwanger (1993). Radiative Corrections to the Neutral Higgs Spectrum in Supersymmetry
with a Gauge Singlet [arXiv:hep-ph/9302224].

(98]



Scientific Journal of Hanoi Metropolitan University - Vol.74 /July(2023) 55

7. Karol Krizka, Abhishek Kumar, David E.Morrissey (2012). Very Light Scalar Top Quarks at the
LHC” [arXiv:hep-ph/1212.4856].

8. Manuel Dress (1996). An Introduction to Supersymmetry” [arXiv:hep-ph/9611409].

9. J. E. Kim, H. P. Nilles (1984). The u-problem and the strong CP- problem. Phys. Lett. B.

KHOI LUQNG CUA STOP TRONG NMSSM

Tém tit: M6 hinh chudn siéu doi xirng gan toi thiéu (NMSSM) 1 mét trong nhitng mé hinh
ma réng ciia mé hinh chudn (SM) nhdam gidi quyét nhitng van con ton tai ciia SM. Cdc ban
dong hanh siéu doi xiing trong SM hién dang dworc tich cuec tim kiém trén cdc mdy gia toc. Cdc
hat stop la ban dong hanh siéu doi ximg ciia quark top va dwoc diw dodn la dé tim kiém hon vi
6 khoi lwong nhé nhdt trong sé cdc ban dong hanh siéu doi xirmg ciia cdc hat quark. Trong
bai bdo nay, chiing téi tinh todn khoi lwong ciia stop c¢é ddanh gid cdc tham sé anh hidng voi
hy vong g6p phan ciing thire nghiém sém tim ra cdc hat moi nay.

Tir khod: NMSSM, stop, vi pham doi ximg CP.



