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NMSSM variants implemented in SoftSUSY

Z3-symmetric NMSSM:
Wz, = ye(H4L)E + ya(Hg@Q)D + yu(QH,)U
AS(HgHy) + 253
Lsoft,Z3 = ﬁsoft,MSSM(B:U’ = O)

Ax
- mZ|s? - ()‘A/\S(hdhu) + R3 s+ h.c.>
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NMSSM variants implemented in SoftSUSY

X3-NMSSM:
Wy, = ye(HaL)E + ya(HaQ)D + yu(QH.) U
FAS(HgHy) + 253
I
+M(HdHu) + fFS + 552
Looftz; = Lsoft,Mssm(Bu = 0)
- m§‘5’2 - (AA/\S(hdhu) + K?'{f + h.c.)

/2

- fss - mTSSZ — Bﬂ(hdhu) + h_c'
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EWSB in the NMSSM
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hg) = — , hy) =
(ha) ﬁ<0) (ha)
=
3 additional parameters:

Vu
Vi, Vd, Vs & v=1/v2+v3, tanﬂzv—d, Vs

3 EWSB conditions:

0= aVHiggs
8v,-
= solve for
Z3: {H>|V5|am§} or {m%dam%l,?mg}
X3 {Iul, By, &} or {mp,, mj,, m?}
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NMSSM parameters (DR scheme)

Z3

X

fixed by SM

8Y, 82, 83 Yu, Ydi Ye, V

8Y, 82, 83 Yu, Ydi Ye, V

fixed by EWSB

K, |vs|s m?

|, Bu, &

User input
(general)

mf,, m2, m3, m3 m
m.

Ae, Ad, Au, A)u Arcy
My, Ma, Ms,

A, tan 3, sign vs

2
er

2 2 92 2 2
qr My, Mg, My, Mg,

Mhys Mh,, M3,

Ae, Ad, Au, A)u Afm
My, Mz, Ms,

A, tan 3, sign p,

! 12
K, Vs, ', mg, &F

m,
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NMSSM parameters (DR scheme)

Z3

X

fixed by SM

8Y, 82, 83 Yu, Ydi Ye, V

8Y, 82, 83 Yu, Ydi Ye, V

fixed by EWSB

2 2 2
Mp, Mp,, Ms

2 2 2
My, Mp,, Ms

User input
(general)

2 2 2 2 2
mqv mu: mdy mg. mev

K, |Vs|,
Ae, Ad, Au, A)u Arcy
My, Mz, Ms,

A, tan 3, sign vs

2 2 2 2 2
mqv mu: mdy me: me.

lul?, Bu, &,

Ae, Ad, Au, A)u Afm
My, Ma, M3,

A, tan 3, sign p,

K, Vs, 1, m;2, &F
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Physical problem statement for the Z3-NMSSM

Energy
scale
y 1 GUT BCs
X m%, M,', A,'
A
RGEs
\
Input: A, sign vs
Ms EWSB: &, |vs|, m?
A
RGEs
4
Matching to SM
M
4 8i, Yr. vV
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Algorithm to calculate the model parameters consistent
with all BCs

Energy
scale

Mx 1

Ms

RGEs

Start

Set

m%, M,‘, A,'

RGEs

\

Set A, sign v

EWSB: &, |vs|, m? I

DR masses
= pole masses

RGEs

\

Calculate

8i Yf. vV
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Calculation of gPR(My)

Input: ol (M) = 0.1185

%
5),MS
s T T T Nagsm(Mz) — Aas(Myz)
with
s 2 m
Aassm(p) =5 {—3| g/j]
Qg 1 my¢
Aas(u) = % 5 — Z Tf IOg —
SUSY particle f K
=
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Calculation of yPR(M;)

V2 mPR(Mz)
V(Mz)/ sin 5(/\/’2)

where the running top mass is calculated from the top pole mass
M; as

PR(Mz) =

_ Mt—f—Z?o gluon(M) [A (1L),gluon +Am£2L)7gluon
Ap(iDguon _ 8

m2
t
t C 1272 5—3|0g< 2)1

Arn(QL),quon _ <Am§1L),gluon)

t
4 2 2
&3 2 [ My m;
— | — | — 14761 —
T [396 og <M2> 6og<u2>

— 48((3) + 2011 + 1672(1 + log 4)]

11/15



Calculation of v

SM VEV is calculated from the running Z mass at ;. = My:

ViR(Mz) _ 2m9R(MZ)
\ &y + &

DR 1L
mBR(Mz) = /M3 + NGO (p2 = 2 = m3)

vPR and tan 5ﬁ evolve under RG running according to
[Sperling, Stockinger, AV, 2013, 2014]
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Calculation of the Higgs pole mass

For each i =1,...,3: find p? = M,%I_ which satisfies
0 = det [p2 —mi - Am,z,’:“_ — Am,z,’m_]

where

1L
Ampy =T (p? = M2, = Ms)

Ami2772|_ - O(Oés(at + Oéb), p2 - 0) NMSSM [Degrassi, Slavich, Nucl. Phys. B 825]
+ O((at + ap)® + a2, p?> =0) MSSM
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Features and restrictions

Restrictions:

real parameters = no CP violation
no sfermion flavour violation

Features:

Z3- and X3-NMSSM with 2 different sets of EWSB output
parameters each

GUT boundary conditions

complete S5 and B(L) (incl. family mixing)

complete (10 (p?) ¥ particles

genuine NMSSM 2-loop Higgs mass corrections

O(as(ar + ap), p? = 0)

2-loop MSSM Higgs mass corrections

O((at + ap)? + a2, p? = 0)

decays via interface to NMSDECAY

relic density via interface to NMSSMTools/micrOMEGAS
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Coming soon

e higher order corrections to g; and yr (late June 2015)

e higher order corrections to gluino/squark masses (2-loop
QCD/3rd family yr) (July 2015)

e decays in the MSSM and NMSSM (fall 2015)

15 /15



Backup



NMSSM EWSB conditions

5 m2 )\2 5
0= my, + —= 5 COS2,B + 7‘/ — Buegtan g + ’Meff|
m> )\2 B
2 2 Heff 2
O:mhu+72cos25+?vd—tane6+\ e ’

VuVd

\/§Vs
+ KAV + ME + ' ? — 2kEF + 3kvsp

A2
0=m2+K*Z+ 7v2 — KAV Vg — AMy———

where

m% = (g + g3) (Vi + v3)

B = s (A + ﬁ)*B““<ﬁ +er)

Meff = \/§
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SoftSUSY's Weltanschauung

e Model is defined in terms of Lagrangian parameters:

gi, Yij» V, -..in the DR scheme

e Input parameters:
MS MS
fen?SM(MZ) sS)M (MZ)v Mz, M:, GE, ...

e Output parameters:
mp, My, Zp, ...
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Calculate spectra with NMSSM-SoftSUSY

1. Get the source code from https://softsusy.hepforge.org

2. Compile

$ ./configure

$ make

3. Calculate spectrum for given parameter point (SLHA format):

$ ./softpoint leshouches < inOutFiles/nmssmSLHAZ3Input

Block MASS
25 1.06125535e+02
35 4.59247521e+02
45 5.13839234e+02
36 4.75604904e+02
46 5.17641351e+02
37 5.19730937e+02
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https://softsusy.hepforge.org

SoftSUSY SLHA configuration options

Block SOFTSUSY # SOFTSUSY specific inputs
1 le-04 # precision goal
3 0 # printout level
# 4 1000 # EWSB scale
5 1 # 2-loop running
7 2 # Higgs mass loop order
15 1 # NMSSMTools compatible output
16 0 # Call micrOmegas (default: O = no,
# 1 = relic density only,
# 2 = direct detection + relic demns.,
# 3 = indirect detection+relic dens.,
# 4 = all)
17 1 # Sparticle decays via NMSDECAY
18 # soft Higgs masses as EWSB output
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