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Status of NMSSM AT

NMSSM solves p-problem and predicts naturally M,>M,, ere
need for radiative corrections from multi-TeV stop masses. Many

papers since discovery of 125 GeV Higgs, see e.g.
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NMSSMTools and Micromegas A“(IT

All calculations done with NMSSMTools, for details see:

U. Ellwanger and C. Hugonie, Comput. Phys. Commun.175 (2006) 290;
U. Ellwanger, J. F. Gunion, and C. Hugonie, JHEP 02 (2005) 066.
U. Ellwanger, C. Hugonie, and A. M. Teixeira, “The Next-to-Minimal

Supersymmetric Standard Model”, Phys.Rept. 496 (2010) 1-77,
arXiv:0910.1785
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NMSSM has 3 scalar Higgs bosons ﬂ(".

Consequences:

coupling A between singlet and 2 doublets:

coupling k between 3 singlets

trilinear couplings A, and A_

5 neutralinos: LSP is partner of scalar singlet (singlino)
Difference to MSSM:

Heaviest Higgs can decay into

1) 2 lighter Higgs (double Higgs production) H3 ™ H2+H1
2) gauginos

AU
Wavssm = Wp+ AH, - HyS + 5/1537

ISSM ) ) ) A,
Vo oM = 2 |H,|* + m| Hal> + m3|S)” + (AAASH, - Hy + ; kS?)

—~ —~~ —~ —~~ —~

= X, =B+W+H +H,+S
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How to proceed? ﬂ("

1) Consider ,,natural“ NMSSM

,vevs‘ of all Higgs fields of the same order
SO V,=V,=V_, so u=Av_= 100-200 GeV.

Then ALL Higgses in twice this range
(mH; = mA = mH*= 2/ sin 2 = 2.5)

2) Consider ,,unnatural®“ NMSSM with
p=Av ;=1 TeV

It is just a question of taste to decide what
is natural, but clearly natural NMSSM of much
more interest for next LHC run
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Example for natural NMSSM ﬂ("

Probing the CP-even Higgs Sector via H; — H,H, in the Natural
NMSSM,Kang, Li, Li, Liuand Shu, arXiv 1301.0453.

Light Higgs Bosons in the Pushing-Upward Scenario: The SM-like Higgs
boson can be accommodated without recurring severe fine-tuning, and we
can show that the whole Higgs sector is light. Restricted to the
Z3-NMSSM, naturalness conditions point to a predictive parameter space

A:0.6-0.7,tan B : 1.3 = 3.0,
M =Av,: 100 GeV - 200 GeV

mH; = mA = mH*= 2p/ sin 28 = 2.5
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Cross section for

7

Mass dependence of cross section at 14 TeV
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Significance in WWbb channel after 500/fb at 14 TeV ﬂ(IT

mm, (GeV)|mmg,(GeV)|o (tb) \/‘;JriB
B1 100 300 70 | 0.81
B2 65 300 50 | 3.84
B3 98 400 25 | 4.73
B4 65 400 20 | 7.68
B5 100 600 2 2.79
B6 65 600 2 4.99

Note: background and production x-section strong function of m,;
For WWbb mainly ttbar, so difficult if MH1 and MH2 both heavy.
For light MH3 in addition trigger problem: decay into 4 objects
gives small pt.
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Questions ﬂ("‘

1) Are these 6 bench mark points representative?

2) Are these bench mark points compatible with
other constraints (EWSB, DM, SM-like)?

3) What are other decay modes?

4) What happens in ,,unnatural“ scenarios?
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Other Experimental Constraints
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NMSSM: tree level SM-like Higgs > M, ﬂ(“.
mf1[GeV]

T AL RS RN Py
My = Mj+(mg - A)sm*25, 1000 2000 3000 4000

1
Miy = —(mj - o) sindp, 1351
9 2 | NMSSM tan=2.5
| Jkp® v 130 |
My = _Q(U sm?BJr%)icosQB _ |
S -_ ]
|M32 = mpcos’ 28+ Xu'sin 26, | 8 125 ; _30 Ag=-2Mo0 ]
sn1B, & I i '
VA 11 AdiL4 o £ 120 _
My = D [l ( ” ) 0 311128] £ |
Mysn2B., Ky 115 |
My = l)\ﬁvg(UAS]HZ[)))QJrh—ﬂ(A,i @)—l)mv sim 20 |
4 I A A2 .
wolll .
. 0 1000 2000 3000
AIQ — Qﬂl({q)\ T H'S) My [GEV]
' sin 23

NMSSM: m, =125 GeV for TeV instead of multi-TeV stops

" 08.12.2014 Wim de Boer, KIT, Karlsruhe, NMSSM Meeting



12

Eigenvalues after diagonalizing Higgs mass matrix ﬂ(IT
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og [pb]

LSP-nucleon scattering x-section limits
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A, fixed point

in range where
mH1=mH2, so neg.
interference strong
to get low x-sect.

If MH1<<MH2 huge
spin-indep. LSP-
nucleon scattering
x-section.
Requires mH1 to be
roughly >60 GeV

A, running to
quasi-fixed point




Constraints on x and A QAT

(Other parameters fixed)
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Larger freedom in x and A ﬂ("‘

(if other parameters free) e st Tetnoogi
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Comparison Higgs BR in CMSSM and natural NMSSM

SKIT

Karlsruher Institut fur Technologie

Branching Ratios [%)]

CMSSM NMSSM (BMP 1)

h H A H1 HQ H3 A1 AQ
Mass [GeV] | 126 2256 2256 86 126 336 214 325
bb 67.6 _8 85.2 90.6 63.6 3.0 0.2 1.9
W 17.7 ; 6.5e-7 19.6 0.2 ; ;
T 50 146  14.6 8.8 6.5 04 0.02 0.2
hh - 89e-5 - - - - - -
A H, - - - - - - - 4.0
Zh - - 1.7e-5 - - - - -
ZH, - - - - - s 0.3 268
xix) - 4.7e-5 5.3e-4 - - 571 99.5 38.1
YIS - - - - - 1208 - 4.2
X1 XTI - - - - - 1207 - 18.4
Oprod [PD] 19.3 1.3e-5 1.3e-5| 257 19.1 0.57 1.6e-2 0.41
08.12.2014
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Possible ,,natural“ NMSSM signatures ﬂ(".

H3=>H2+H1 with H2=WW,bb,xt and H1=2bb, tt
Signatures: WWbb, bbbb, bbtt

H3=>»gauginos
Signatures:
invisible decays
Z+MET,

W+W- + MET,
Higgs +MET

Given the small cross sections,
we should investigate all of them
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Possible ,,unnatural“ NMSSM signatures ﬂ("'
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Choose m, in TeV range (e.g. larger )
What is minimum value of mA?
Chargino limit from LEP =»limit on p *m,>280 GeV

BMP I BMP I
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Higgs mixing and couplings ﬂ("

Higgs mixing [%] Reduced couplings
Hd Hu S K/u K/d K’W,Z
Hi | 269 -11.4 95.6 -0.12 0.77 -0.01
Hy | 36.5 931 0.8 [0.99 1.04 1.00 |
BMP 1 Hs | 89.1 -34.7 -29.3 -0.37 255 -0.01
~BMPII | Ay |-146 -54  98.8 -0.06 -0.42 0.00
As | 926 344  15.6 0.37  2.66  0.00
Hi | 301 95.0 -82 1 0.99 0.98 0.99]
Hy | 127 46  99.1 0.05 0.41 0.08
BMPIII | Hs | 945 -30.9 -10.7 0.32 3.18 0.003
A | 593 -3.0 995 -0.03 -0.30 0.00
As | 947 30.7 9.8 0.32 3.07 0.00
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Input parameters for discussed bench mark points ﬂ("'

Input mo  myp Ao tanf Ao Ay Ksusy Asusy M

CMSSM | 2500 2375 -4999 48.11 - - - - 3339
BMP T |2400 550 -976  2.69 -848 -509 0.38 0.65 120
BMP II | 2450 550  -1840 4.18 2549 1774 0.12 0.68 229
BMP III | 2400 600  -1902 3.08 1206 756  0.14 0.64 263

Table 1: List of GUT scale input parameters for several benchmark points in the CMSSM
and NMSSM, respectively. The top and bottom masses are m; = 172.5 GeV and mp = 4.25
GeV: sgn(p) = +1 for both models. The input parameters have been chosen to yield a
Higgs boson mass of 126 GeV and have SUSY masses just outside the excluded regions in
Fig. |4 k and X are given at the SUSY scale as input. The GUT scale values for BMP
[(ILII) are kg = 3.04(0.35,0.34) and Agur = 2.16(1.46,1.22).
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SUSY masses for discussed bench mark points ﬂ("‘

21

Karlsruher Institut fur Technologie

R D D R i A L

CMSSM | 1075 1993 3332 3334 - 1993 3334 3263 3908 3902 4014
BMP I 76 160 197 248 477 109 477 992 1925 1918 2552
BMP II | 80 212 266 271 484 217 484 983 1957 1947 2596
BMP IIT | 119 232 293 297 527 249 526 960 1952 1942 2588

Table 2: The masses of neutralinos, charginos, stops and sbottoms in GeV for the CMSSM
and the three NMSSM benchmark points (BMP I-1II) in Table
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BR in ,,unnatural®“ NMSSM

SKIT
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Branching Ratios [%]

NMSSM (BMP 1II)

NMSSM (BMP I11)

H1 HQ H3 Al AQ H1 HQ H3 Al AQ
Mass [GeV] | 103 126 1001 91 1001 || 126 129 870 118 869
bb 90.5  61.9 90.9 0.9 ||61.7 8.6 07 904 06
t 0.0 0.0 0.0 104 || 00 00 0.0 235
T 91 64 01 88 0.1 6.3 9.3 0.1 9.3 0.1
WTw- 1.2e-4 20.6 1.7e-4 - - 206 1.7  7.9e-3 - -
Iy - - 10.7 - 11.8 - - 9.0 - 9.6
X - - 5.1 - 6.3 - - 5.5 - 8.9
X7 xT - - 3.2 - 5.9 - - 2.4 - 6.3
HH, - - 148 - - - - 13.6 - -
A1 H, - - - - 13.5 - - - - 0.2
Z A - - 123 - - - - 10.6 - -
ZH, - - - - 13.6 - - - - 0.04
A H, - - - - 0.3 - - - - 11.7
ZHy - - - - 8led || - - - - 11.9
Oprod [PH] 0.33 193 1.6e-3 0.13 1.9e-3 || 195 3.9e-2 7.1e-3 1.7e-2 7.6e-3
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Extended range of BMPs

Karlsruher Institut fur Technologie

NMSSM: Higgs sector largely decoupled from SUSY particles
(in CMSSM: LSP=Bino and DM annihilation via M, s-channel resonance:

My = 2x M gp = m,,)
Range of M,=MH3: 280<MH3<600 GeV (natural)

100<pu<200 GeV (pu=Av, ,natural“ vev, v.=170 GeV)

s »

M3 =

2u(Ay + Ks)

sin 23

200<A, <500 GeV (quasi fixed point solution of RGE))

Range of MH1: 60<MH1<125 GeV

(lower limit, else if MH1<<MH2=125 GeV, too large LSP-nucleon scattering

x-section)

Propose to start with scan over MH1 and MH3 in these ranges

Similar BR for semi-constrained and ,,natural“ models
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Task of NMSSM Working Group ﬂ(“.

Theorists: look at previous non-NMSSM analysis
(e.g.WWbb (Atlas, arXiv 1312.1956), bbbb (CMS-PAS-
HIG-14-013) and see if they can be reinterpreted in NMSSM

Experimentalists: check if proposed scenarios by theorists
are realistic (e.g. WWbb discovery after 500/fb for some
Higgs mass combinations?)

Combined effort: see if one can get good efficiency and
background suppression for all mass ranges (challenging)

| did not find anything
ou have been suggesting

Don‘t worry, | have many
other good ideas
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