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Non-resonant Higgs Production with a scalar Singlet at the LHC

Motivation

1. Very simple extension to the Standard Model with rich phenomenology.
2. Provides a potential interaction channel with the Dark Sector.

3. Motivates a strong Electro-weak First Order Phase Transition, a mechanism

for the Electro-weak Baryogenesis.

4. Studying scalar extended models, indirectly enhances our search for double

Higgs production at the LHC or vice versa.
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Non-resonant Higgs Production with a scalar Singlet at the LHC
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Non-resonant Higgs Production with a scalar Smglet at the LHC

Model Parameters: mh1 — 125 GeV My, 0, bBa a? D
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Generate Signal and Background, select two isolated leptons and two b-tagged jets.
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Non-resonant Higgs Production with a scalar Singlet at the LHC

Why does bbww final state still very challenging?

Topness vs Higgsness

After choosing events with some
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Topness vs Higgsness

My, = 170 GeV, 8y = (L2, dogy fvev = 1.5, by fvev = 0

My, = 170 GeV, O, = (L2, dagy fvev = 1.5, Iy fvev =0

140
3 ki i 3 i |
035l 3 b | - 3 Fuha
: " L3a i g
o0t tth ] — tth
' ; £onant ] g
g» — = C1 av
EE‘\F:".EE ] : l.r”.u | l-q: - r : Fﬂﬂj
2 H — T <= il; 1 rrbb |
~ M (C others ..E [ others
h'"‘"-\-\. ".2" - N — ”_E“ [ - .
_t’ L = i
— 5
EEL"'IE 1 ; 01} 8
- L |:~|_I
010} 1 = oanf |J ]
5T 1 005} ) |
.
01.010) 0.00) e ;
T =15 1) 15 =15 10 5 0 5 10 15
EOQ(III.I-'[.{-'*?J
__tt background
5F - i
57 | 15.0
i 12.5 |
Or _
= | 10.0 = |
T o y 1 N g
R ' -5t i
50 L
-5 |.. . l'.I .r;::. . f'..i i 25 7
[ .l... . \ : t. lll : _10— . 7
B . | Alhazmi, Chen, Kim, Kong, |, " ,
-15 -10 -5 0 5 10 Kozaczuk, Lewis -15 -10 -5 0
(arXiv:1905.XXXX)
log(Hyww-) log(Hww-)

Al



Non-resonant Higgs Production with a scalar Singlet at the LHC

Can we use Deep Neural Network? “event classification”

Prepare and feed kinematic variables —__
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Non-resonant Higgs Production with a scalar Singlet at the LHC

6 DeeplLearning Score

Significance at High Luminosity .. =
2 Dense Layers, 45 Neurons N
1.5:_ ° 0.0 012 (;4 016 0i8 1.0
S [ Benchmark Point
S 1.0
‘_-L? L
§ " mp, = 125 GeV? my, = 170 GeV,
® 05 _ 0 =0.2, by =0, Az = 1.5
- L) 11+7 variables =02 b5=0, Aoz = L5/vevew
0 5 10 15 20 25
Nsig

Alhazmi, Chen, Kim, Kong,
Kozaczuk, Lewis
9 (arXiv:1905.XXXX)



Non-resonant Higgs Production with a scalar Singlet at the LHC

Discussion 1. Scan over parameter space
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2. Study smaller mixing angle
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Non-resonant Higgs Production with a scalar Singlet at the LHC

Thank You
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Non-resonant Higgs Production with a scalar Singlet at the LHC

Back Up
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Non-resonant Higgs Production with a scalar Singlet at the LHC

- "“Left corner, not yet studied”
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Non-resonant Higgs Production with a scalar Singlet at the LHC
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Non-resonant Higgs Production with a scalar Singlet at the LHC

my = 170 GeV, sinf = 0.2 my = 240GeV, sinfl = 0.2
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Figure 2. The parameter space of the model consistent with our requirements for my, = 170,
240 GeV and sinf = 0.05, 0.2 , now showing regions with a strong first-order electroweak phase
transition. Results for both sinf = 0.05 and 0.2 are shown. Blue points feature an EWPT with
on(T:)/T. > 1 for some value of by > 0.01 in our approach utilizing the one-loop daisy-resummed
thermal effective potential. Purple points additionally feature a strong first-order electroweak phase
transition as predicted by the gauge-invariant high-7 approximation (which drops the Coleman-
Weinberg potential and is thus only applied to regions with tree-level vacuum stability). Strong
electroweak phase transitions are typically correlated with sizable values of A\y5.
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Non-resonant Higgs Production with a scalar Singlet at the LHC
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Non-resonant Higgs Production with a scalar Singlet at the LHC

Cut-flow summary

S(fb) B(fb) S/B
Reco & b-tag 0.027 369.3 7.20E-05
baseline 0.01 6.45 0.0016
H&T 0.007 0.258 0.029
2D with 45N 0.0033 0.012 0.28
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Non-resonant Higgs Production with a scalar Singlet at the LHC

2Dx*45N & 64mb & 100n, no (dupp, MET)
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Non-resonant Higgs Production with a scalar Singlet at the LHC

varselect = C.splice(met,11pt,12pt,drll,mbb,ptbb,drbb,mll,ptll,
sminbbll,sminll, MT2sysA,MT2sysB,hnessonoff,hnessonon,tness, DRLjmin, axis=1)

h2 = varselect

h2 = C.layers.BatchNormalization(map rank=1)(h2)
h2 = C.layers.Dense(45) (h2)

h2 = C.relu(h2)

h2 = C.layers.BatchNormalization(map rank=1)(h2)
h2 = C.layers.Dense(45) (h2)

h2 = C.relu(h2)

h2 = C.layers.BatchNormalization(map rank=1)(h2)

r = C.layers.Dense(num output classes, activation=None, name='classify')(h2)
return r
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