Pis’ma v ZhETF, vol. 113, iss. 4, pp. 221 – 222 © 2021 February 25

Search for new heavy Higgs bosons in ATLAS and CMS experiments at LHC (Mini-review)

Yu. G. Naryshkin^{1)}

Petersburg Nuclear Physics Institute named by B. P. Konstantinov of National Research Center “Kurchatov Institute”, 188300 Gatchina, Russia

Submitted 15 December 2020 Resubmitted 29 December 2020 Accepted 29 December 2020

DOI: 10.31857/S1234567821040017

Discovery of Higgs boson in 2012 by the ATLAS [1] and CMS [2] experiments finally confirm the truthiness of the Standard Model (SM), but there are still remain many open questions, e.g., SM does not explain the neutrino oscillation and baryon asymmetry, the problem of the particle mass hierarchy etc. This gave rise to the development of new theories which extend the SM – Beyond Standard Models (BSM), in particular, its Higgs sector. These models include the Two Higgs Doublet Model (2HDM) [3], the Minimal Supersymmetric Standard Model (MSSM) [4, 5] and its extension: Next to MSSM (NMSSM) [6], Higgs Triplet Model (HTM) [7], Left Right Symmetric Model (LRSM) [8], the little Higgs model [9], the Georgi–Machacek model [10], scalar singlet dark matter [11] etc. At present, the 2HDM and MSSM are the most used models for the interpretation of the LHC data. These models predicts several particles in the extended Higgs sector, e.g., in 2HDM the electroweak symmetry breaking leads to five Higgs particles: two neutral Higgs bosons that are CP-even (scalar) h, H, one is neutral and CP-odd (pseudoscalar) A, and charged Higgs boson H^±. The model is parametrized by the following parameters, Higgs masses: m_h, m_H , m_A, m_H± , ratio of vacuum expectation values of the two Higgs doublets: tan β =^{v1}_{v2} and the mixing angle α which diagonalizes the mass matrix of the CP even Higgs bosons.

The searches for a new particles from extended Higgs sector were carried out earlier in e^+e^− collisions at LEP [12] and in proton-antiproton collisions at the Tevatron [13, 14]. An intensive searches of the Heavy neutral Higgs bosons (H/A), Charged Higgs boson and Double charged Higgs bosons were performed by the ATLAS and CMS experiments in a wide range of possible values of the resonance masses and for different decay channels and final states. Data collected for LHC Run I and Run II with pp interactions at the center of mass energy √ s = 7, 8, 13 TeV were used. Searches of the

1)e-mail: yury.naryshkin@cern.ch

Fig. 1. (Color online) Regions of the [mA, tan β] plane excluded in the hMSSM model via direct searches for heavy Higgs bosons and fits to the measured rates of observed Higgs boson production and decays [26]. Limits are quoted at 95 % CL and indicated for the data (solid lines) and for the expectation for the SM Higgs sector (dashed lines). The light shaded or hashed regions indicate the observed exclusions obtained in ATLAS experiment: H/A → τ τ [18] (light grey), H^+ → τ ν [21] (cyan), H^+ → tb [22] (dark cyan), Hb → bbb [27] (dark grey), H → ZZ → 4l/llνν [16] (light red), gg → A → Zh [28] (yellow), H → W W → lνlν [17] (blue), decay channels combination H → hh → 4b, bbW W, bbτ τ, 4W, bbγγ, W W γγ [29] (green) and pink line show the limit obtained with the fits to the measured rates of SM Higgs boson production and decay [30]

heavy neutral resonances (H/A) were performed in the decay channels: H/A → V V (V = Z, W, γ), μμ, ττ, t, t̄ etc., see, e.g., [15–19]. Charged Higgs boson (H^±) were searched in the decays: H^± → τν, tb, cb, cs, W Z

Письма в ЖЭТФ том 113 вып. 3 – 4 2021 221

222 Yu. G. Naryshkin

etc., see, e.g., [20–23]. The searches of double charged Higgs boson H^{±±} were carried out in its decays to the pair of same sign same flavor particles: leptons e^±, e^± or μ^±, μ^± or electroweak gauge bosons, e.g., W^±, W^±, see, e.g., [24, 25]. The experimental spectra of the kinematic variables (e.g., missing transverse energy or transverse mass) were compared with the SM prediction. No statistically significant deviation of the experimental observations from SM backgrounds were found and the upper limits on the cross section times branching fraction or limits for the resonance mass were derived. Interpretation of the obtained results were performed with different BSM scenarios (2HDM, MSSM, HTM etc.) and the limits on the models parameters were derived.

Summary plot with the constrains on hMSSM parameters tan β and m_A obtained in the ATLAS experiment is presented on the Fig. 1 [26]. Region with the not excluded parameters space is shown with the white color. As it is follows from the results based on these searches for different decay channels the region with m_A < 340 GeV is excluded. The analysis of the decay channel A/H → ττ [18] excludes the region with high tan β values (tan β ≳ 6). Mass region m_A < 500 GeV is indirectly excluded by the measurement of the Higgs boson production and decay rates (shown with violet curve) [30].

In future, LHC Run III followed by the High Luminosity LHC (HL-LHC) will provide much more data and significantly improve the potential to discover a new additional Higgs bosons.

This work was supported by Russian Foundation for Basic Research grant 18-02-00118A.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364021040019

1. G. Aad, T. Abajyan, B. Abbott et al. (ATLAS Collaboration), Phys. Lett. B 716, 1 (2012).

2. S. Chatrchyan, V. Khachatryan, A. M. Sirunyan et al.

(CMS Collaboration), Phys. Lett. B 716, 30 (2012); e-Print: 1207.7235.

3. G. Branco, P. M. Ferreira, L. Lavoura, M. N. Rebelo, M. Sher, and J. P. Silva, Phys. Rep. 516, 1 (2012); arXiv: 1106.0034.

4. S. P. Martin, Adv. Ser. Direct. High Energy Phys. 21, 1 (2010).

5. S. P. Martin, Adv. Ser. Direct. High Energy Phys. 18, 1 (1998).

6. M. Maniatis, Int. J. Mod. Phys. A 25, 3505 (2010). 7. F. Arbabifar, S. Bahrami, and M. Frank, Phys. Rev. D 87(1), 015020 (2013); e-Print: 1211.6797.

8. G. Barenboim, M. Gorbahn, U. Nierste, and M. Raidal, Phys. Rev. D 65, 095003 (2002); e-Print: hep-ph/0107121.

9. N. Arkani-Hamed, A. G. Cohen, E. Katz, A. E. Nelson, T. Gregoire, E. Katz, A. E. Nelson, and J. G. Wacker, JHEP 08, 021 (2002); e-Print: hep-ph/0206020.

10. H. Georgi and M. Machacek, Nucl. Phys. B 262, 463 (1985).

11. S. Bhattacharya, S. Jana, and S. Nandi, Phys. Rev. D 95(5), 055003 (2017); e-Print: 1609.03274.

12. S. Schael, R. Barate, R. Brunelière et al. (ALEPH and DELPHI and L3 and OPAL and LEP Working Group for Higgs Boson Searches Collaborations), Eur. Phys. J. C 47, 547 (2006); e-Print: hep-ex/0602042.

13. V. M. Abazov, B. Abbott, B. S. Acharya et al. (D0 Collaboration), Phys. Lett. B 698, 97 (2011); e-Print: 1011.1931.

14. T. Aaltonen, B. Álvarez González, S. Amerio et al.

(CDF Collaboration), Phys. Rev. D 85, 032005 (2012); e-Print: 1106.4782.

15. G. Aad, B. Abbott, J. Abdallah et al. (ATLAS Collaboration), Eur. Phys. J. C 76(1), 45 (2016); e-Print: 1507.05930.

16. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), Eur. Phys. J. C 78(4), 293 (2018); e-Print: 1712.06386.

17. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), Eur. Phys. J. C 78(1), 24 (2018); e-Print: 1710.01123.

18. G. Aad, B. Abbott, D. C. Abbott et al. (ATLAS Collaboration), Phys. Rev. Lett. 125, 051801 (2020); e-Print: 2002.12223.

19. A. M. Sirunyan, A. Tumasyan, W. Adam et al.

(CMS Collaboration), JHEP 04, 171 (2020); e-Print: 1908.01115.

20. ATLAS Collaboration, ATLAS-CONF-2020-039, https://cds.cern.ch/record/2727860/files/ATLAS- CONF-2020-039.pdf.

21. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), JHEP 09, 139 (2018); e-Print: 1807.07915.

22. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), JHEP 11, 085 (2018); e-Print: 1808.03599.

23. A. M. Sirunyan, A. Tumasyan, W. Adam et al.

(CMS Collaboration), JHEP 01, 096 (2020); e-Print: 1908.09206.

24. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), Eur. Phys. J. C 78(3), 199 (2018); e-Print: 1710.09748.

25. A. M. Sirunyan, A. Tumasyan, W. Adam et al. (CMS Collaboration), Phys. Rev. Lett. 120(8), 081801 (2018); e-Print: 1709.05822.

26. ATLAS Collaboration, Summary plots from the ATLAS Higgs physics group, https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/ CombinedSummaryPlots/HIGGS/.

27. G. Aad, B. Abbott, D. C. Abbott et al. (ATLAS Collaboration), Phys. Rev. D 102(3), 032004 (2020); e-Print: 1907.02749.

28. M. Aaboud, G. Aad, B. Abbott et al. (ATLAS Collaboration), JHEP 03, 174 (2018); JHEP 11, 051 (2018) (erratum); e-Print: 1712.06518.

29. G. Aad, B. Abbott, D. C. Abbott et al. (ATLAS Collaboration), Phys. Lett. B 800, 135103 (2020); e-Print: 1906.02025.

30. G. Aad, B. Abbott, D. C. Abbott et al. (ATLAS Collaboration), Phys. Rev. D 101(1), 012002 (2020); e-Print: 1909.02845.

Письма в ЖЭТФ том 113 вып. 3 – 4 2021