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2HDM scalar potential

e With CP-conserving, and a imposed Z, symmetry
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Study H* +h—W +4y final states




Theoretical constraints

Perturbativity Unitarity Vacuum stability

Experimental constraints

EW oblique parameters S, T, U

LEP, TeVatron and LHC data I

Flavour physics =

Code with: 2HDMC, HiggsSignals, HiggsBounds, Superlso ...
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Parameter space scans cross section
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our BPs pp — HEh — W=Ynh — oy, + 4~

soft y from h — vy
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our BPs

My | Ma | My |sin(8 — a)|tan 3
BP1 [25.57| 72.39 |111.08] —0.074 |13.58 large signal
BP2 [35.12[111.24|151.44| —0.075 |13.32
BP3 45.34[162.07|128.00 —0.136 | 7.57 Cross sections
BP4 [53.59(126.09| 91.49 | —0.127 | 8.00
BP5 63.13] 85.59 |104.99| —0.056 |18.09
BPG6 65.43(111.43(142.15| —0.087 |11.52 BKG: with faked photons
BP7 |67.82] 79.83 |114.09| —0.111 |8.94
BPS [69.64[195.73| 97.43 | —0.111 | 8.86 Process |Cross section (fb)
BP9 |73.18/108.69| 97.34 | —0.122 | 8.06 W= + 450~ 145890
BP10(84.18115.26|148.09| —0.067 |14.82 W* + 31 1730
BP11(68.96/200.84|155.40) —0.112 | 8.64 |

W= + 252y 10.2

BP12|71.99| 91.30 |160.10] —0.104 | 9.74
BP13|74.09(102.49/163.95| —0.092 |10.56 W= 13y 0.0282
BP14(81.53(225.76|168.69| —0.101 | 9.75 1.69 x 107°




Event generation and simulation

MadGraph5 aMC@NLO + Pythia + Delphes (ATLAS card) for 13 TeV and 14 TeV
m(l,3,v)| < 2.5, pr(j,v.0) >10 GeV, AR(l, j,7v) > 0.5, MET > 5 GeV

invariant mass for y-y L BP5 invariant mass for H* _ BP5




Event generation and simulation
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lepton efficiency

parton level o(cuts)/o(no cuts)
p) >10 GeV, pt >20 GeV
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Efficiency

in Backup, also find plots for pf > 10 GeV, p; > 20 GeV,

Js=13/14 TeV

plots for p} > 20 GeV, p} > 10 GeV, s=13/14 TeV

[A. Arhrib, R. Benbrik, R. Enberg, W. Klemm, S. Moretti, S. Munir, Phys.Lett. B774 (2017) 591-598]
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predicted significances for (Mh, MH#)
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predicted significances for (sin(f — a), tanf)
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Conclusions

e A charged Higgs is always predicted in the multi Higgs doublet model.
e Always hard to detected, owing to reduced couplings to the SM.

e In the 2HDM Type-I, there are W+4y final states by H*+h production with a clear
signature. fermiophobic light h.

e Our analysis has been a detector level study exploiting full MC event generation.

e In presence of background generated by both real and fake photons, , the signal is
essentially background free.

e We provided estimates for the detector efficiency and associated heat maps which can
expedite an estimate of the signal significance.



Thank you for your attention!



Backup




13 TeV

Efficiency

p'>10 GeV, p' >20 GeV p'>20 GeV, p'>10 GeV
T T T T
= 0.2 = 0.2
@ 160 0.18 (i 0.18
<, 0.16 2, 0.16
i 0.14 T 0.14
140
= 012 = 012
01 0.1
120 0.08 0.08
0.06 0.06
100 0.04 0.04
0.02 0.02
EEI'ED 0 0
14 TeV
p'>10 GeV, p' >20 GeV p'>20 GeV, p' >10 GeV
T T T T
= 0.2 = 0.2
v 160 0.18 o 160 0.18
2, 0.16 <. 0.16
T 0.14 T 0.14
140 140
= 012 = 012
0.1 0.1
120 0.08 120 0.08
0.06 0.06
100 0.04 100 0.04
0.02 0.02
a0 0 80 1 0
20 20 40 &0 80 100

M, [GeV] M, [GeV]



predicted significances for (Mh, MH?%)
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predicted significances for (sin(f - a), tanf)
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charged Higgs production and decay

e production:

e gbh> H and gg » thH™

e gg > W*H™ and bb > W*H~
e gg > H*H™ and qq » HYH™
e qq > H*¢

e Sc,bc > H?Y

ot > bH"

e decay

e H* - bc,5c,bt, v  Fermionic decay
e H* > W*y,W*Z Bosonic decay
e HY > Wt¢



parameter scan

e B-physics with Superlso v4.1:

(O bservable Experimental result SM prediction

BR(B —+ X.7) (3.32£0.15) x 10-4 [10] [(3.34 £ 0.22) x 10~

BR(B, — p*p~)[(3.0£ 0.6 £0.25) x 1077 [11]](3.54 £ 0.27) x 10~?

BR(B, —+ mv) (1.06 £ 0.19) x 10~* [10] [(0.82 +0.29) x 10~*

e EW S=005+011, T=009+013 U=0.01+0.11.

e Collider: exclusions from nil searches for Higgs boson companions, via
HiggsBounds-5.9.0, and measurements of the SM-like Higgs boson properties, via

HiggsSignals-2.6.0 (for which we have enforced a best fit at 95.5% CL)



