Universidad de los Andes ‘ I

Search for lighter top-squark and

non-Standard Higgses within NMSSM

Jorge Fraga, Siba Prasad Das, Carlos Avila

arXiv:1712.04395 [hep-ph]

Universidad de

los Andes

Facultad de Ciencias
Departamento de Fisica
Bogota - Colombia

3rd Colombian Meeting on High Energy Physics

Cali - Colombia

December 5th, 2018

Jorge Fraga 3rd ComHEP 2018 Search for lighter top-squark and non-Standard Higgses



Introduction

Supersymmetry
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Supersymmetric extensions of the
Standard Model (SM) are
motivated by

e establishing a symmetry
between bosons and
fermions,

e an automatic unification of the
running gauge couplings at a
Grand Unified (GUT) energy
scale, and

e the possibility of explaining
the dark matter relic density in
terms of a stable neutral
particle
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Minimal Supersymmetric Standard Model

MSSM is considered minimal, as it involves the minimum number of
new particle states and new interactions consistent with
phenomenology

sparticle Spin | Rp | Gauge Eigenstates | Mass Eigenstates
Higgsinos 0 [ +1|HY HY HF H; [W° O A" OF
wr, up dr, dp ar, uwp dr dp
squarks 0 -1 §r, 8p ¢L ¢€R &, Sp €L €R
tr_tr by be Bty by by
er, €eRp Ve €, €eRp Ve
sleptons 0 -1 AL fip Dy BL iR Ty
T, TR Ur 1 T2 Ur
neutralinos | 1/2 | -1 | B W° H! Hg R
charginos 1/2 | -1 W H Hy X1 X3
gluinos 1/2 | -1 q q
gravitino 3/2 | -1 G G
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Next-to-Minimal Supersymmetric Standard Model

MSSM + additional singlet chiral superfield § = NMSSM

sparticle Spin | Rp Gange Eigenstates Mass Figenstates
Higgsinos 0 | +1 [ H H) HF H, |S"||| 1S h3| H° i41 Al H
ar, up dr dp ur, ap dr, dp
squarks 0 -1 i, &p €L ép s, Sp €L ¢p
i, in b b i, B b b

€, €er Ve €, €p Ve
sleptons 0 -1 ftL iR Uy fir fir U,

TL TR Vr 71 T2 Vr
neutralinos | 1/2 | -1 BY W° HS Hg Iﬂ )z? )zg ){g gﬁ‘ Eg]
charginos 1/2 | -1 W= Hf H; )Zli )Egi
gluinos 1/2 | -1 g g
gravitino 3/2 | -1 G G
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Next-to-Minimal Supersymmetric Standard Model

MSSM + additional singlet chiral superfield § = NMSSM

sparticle Spin | Rp Gauge Figenstates _ Mass Eigenstates
Higgsinos 0 | +1|H] H} HIf H; 5° |h§’| Y Ky HO AY AY HT
ar, up dr dp o iy, ap dr, dp
squarks 0 -1 g, §p ¢ ©€p 8 Sp ¢ Cp
i in by b [ & b b
€L €ER Ve €L €R e
sleptons 0 -1 ftL iR Uy fir fir U,
TL TR Ur T1 To Ur
neutralinos | 1/2 | -1 | B® W° A° Hg S0 Eﬂ WO o
charginos 1/2 | -1 W= Hf H; )Egi
gluinos 1/2 | -1 g g
gravitino 3/2 | -1 G G
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NMSSM Signal

We used the package NMSSMTools 5.0.1 to obtain the sparticle
spectrum and decay branching ratios. We randomly scanned
approximately 1M points.

pp —it"hy
i— Yy, (X — WELY) b
h — bi?

pp — bEblBMVV}Z?)Z?

4 b-jets + 2 leptons + E
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Number of signal even
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Benchmark points for signal simulation

Benchmark Points Masses [GeV] Events for 300 fb—!

1 nY S X1 . | 13TeVv 33TeV
283.8 70.33 1252 221.3 112.3 | 14547 150911
2939 6243 1221 209.8 1247 8344 86816
346.8 64.89 1246 2229 1375 3575 41875
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Backgrounds

Table: SM Backgrounds and cross sections for center of mass energy of 13

and 33 TeV.

Background Sub-processes o(13TeV)[pb] o (33TeV)[pb]
f+l.f. it +jj, (j = guds) 10.02 63.62
ihi 1t + ¢j, (j = gudsc) 7.072 68.07

1 it + bj, (j = gudsch) 6.154 55.70

i+ W= 0.3504 1.582

it+V tt+Z7Z 0.5884 5.185
i+~ 2.071 14.57

1+ H 0.4001 3.347
Wt 55.66 364.8

Z+jets Z + bbj,(Z — vD) 13.87 64.65
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Monte Carlo Event Generation

We generate signal and background Calormetorevljes —]
samples using: o= — T
Hadnonic showers | ’ L)
‘!‘ 41— EM slm\vé(-; 11
Delphes to simulate the : ; -
efficiencies and \K f
algoriths of a detector po— Ieveljels |r ,,, W
[5] ‘\ Hadromzallun
. Parlon—leveljet-:i
Pythia6 to generate the parton |

shower and for
hadronization [6].

MadGraph5 to calculate the parton
level matrix elements

[7].
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Reconstruction at detector

Jets: anti-kT algorithm with P
e prjets) =15 GeV
e AR=04
Leptons:
e AR = 0.3 for electrons
e AR = 0.4 for muons p
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Event selection criteria

Baseline Cuts

_ N(0)=2
Leptons (£ = ¢, 1) pr(6) > 15, [n(0)] < 2.4
pr(j) > 20, In() <5
Jets N(j) >4
N(b-tags) >3
Missing transverse energy EF™ > 60 GeV
Additional cuts
Mass reconstruction 40 < m? < 125 GeV
Ree = E7™ [pr(6) + pr(2) > 04
Ry = E™ [EF™ + pr(6) + pr(&) + 3., 4 pr(i) > 0.1
Ri = EF™ /EF™ + pr(01) + pr(£2) + pr(jr) + pr(j) > 0.14
Specific cuts
Mpy > 130 GeV
M3 > 150 GeV
M7 > 160 GeV

Jorge Fraga 3rd ComHEP 2018 Search for lighter top-squark and non-Standard Higgses



Results and Analysis Universidad de |OS Andes

Distributions for N(Jets), N(b-tags) & E;™

=33TeV)
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Distribution for reconstructed mass m,”

40 < mP < 125GeV

We select the two
closest b-jets,

m(, %, h)
...... (284,112,70) GeV
e (204,125,62) GeV
(346,137,65) GeV

minimizing the angular
separation

AR = \/An* + A¢?

Events (300 fb"' @ (s=33TeV)
>

250 300
m [GeV]
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Ratio Distributions
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Distribution for M,
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Event Flow for 33 TeV
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Total m(t1, %%, 1Y) [GeV]

Back (284,112,70) | (294,125,62) | (346,137,65)
Total Events 3.23x 107 150080 87170 41874
N() =2 2.59%107 3007 1768 866
N(j) >4 2.11x10° 1084 670 353
N(b-tags) > 3 1.57x10° 406 261 156
EFs > 60 GeV | 87266 315 205 130
40 < mf® < 125 | 39832 229 150 91
Ree > 0.40 36819 222 149 90
Ry > 0.12 35778 221 147 88
R, > 0.14 34539 220 145 87
S/V/S+B 1.18(3.73) 0.78(2.47) 0.47(1.48)
MI? > 130 GeV | 29154 189 - -
MiF > 150 GeV | 27338 - 107 -
My > 160 GeV | 23124 - - 59
S/v/S+B 1.11(3.49) 0.65(2.05) 0.39(1.23)
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Significance for 3000 fo~! @ 33 TeV
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Conclusions

Conclusions

o We have studied the optimal branching decays for the production
of pp — t*h;.

e We have made a study of three NMSSM signal benchmark
points for the dileptonic final states

pp — 1t hy, (1 = bXE, (X — WEXD)), by — bb

for a luminosity of 300 fb~! and for center of mass energies of 13
and 33 TeV.

« We have optimized the basic selection criteria values and other
variables in order to maximize the significance of signal respect
to backgrounds.

o Our best BP has m(#, Y%, 1Y) = (284,112,70) [GeV], and
corresponds to the compressed mass region.

o For this BP we have estimated a significance of 3.7 for a
luminosity of 3000 fo~! @33TeV.

e This processes is still out of reach of the current LHC energy and
luminosity.
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Conclusions

Next-to-Minimal Supersymmetric Standard Model

The Higgs superpotential Wy;,es reads

o~ ~ 1 .~ K
WHiggs:(u+/\S)Hu~Hd+§FS+§u’S2+§§3

—Loore =myy |Hy|* + mpy, |Hal* + mg|S|* + m|Q°| + my |Ug|
+ mp|Dg| + mi|L?| + mp|Eg|
+ (A, Q- H, U, — hyAy Q-Hy D — hA, L - Hy ES

1 1
+ My H,-Hy S+ gﬁAﬁS3+m§Hu “Hg+ 5;7zgzsz+»5554rt1.<:.) ,
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Conclusions

Minimum and maximum values of varied NMSSM
parameters

Parameters Min Max

A 0.001 0.7

K 0.001 0.7
parameters fixed: Ax 100.0 2500.0
- Ay -2500.0 100.0

M, = 1900.0 GeV:;

>=300.0 GeV tan 3 1.5 60.0
ZQA A, = 1500.0 GeV. Hefr 100.0  500.0
i o M, 500  400.0
my, = m; M, 50.0 500.0
e mg, 300.0 1500.0
A=A -4000.0 1000.0
My 100.0 500.0
Mp 100.0 3000.0
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