arXiv:1306.5387v1 [hep-ph] 23 Jun 2013

FUT and TOKUSHIMA Report

Latest constraint on non-standard top-gluon couplings at hadron colliders and its future prospect

Zenrō HIOKI^{1), a)} and Kazumasa OHKUMA^{2), b)}

1) Institute of Theoretical Physics, University of Tokushima Tokushima 770-8502, Japan 2) Department of Information Science, Fukui University of Technology Fukui 910-8505, Japan

ABSTRACT Constraints on the non-standard top-gluon couplings composed of the chromomagnetic- and chromoelectric-dipole moments of the top quark are updated by combining the latest data of top-pair productions from the Tevatron, 7-TeV LHC, and 8-TeV LHC. We find that adding the recent 8-TeV data to the analysis is effective to get a stronger constraint on the chromoelectric-dipole moment than the one from the Tevatron and 7-TeV LHC alone. We also discuss how those constraints on the non-standard couplings could be further improved when 14-TeV LHC results become available in the near future.

PACS: 12.38.Qk, 12.60.-i, 14.65.Ha

a)E-mail address: hioki@ias.tokushima-u.ac.jp
b)E-mail address: ohkuma@fukui-ut.ac.jp

The Large Hadron Collider (LHC) has discovered a new particle which seems to be the standard-model Higgs boson [1, 2]. This discovery means the standard model is nearing completion and the LHC has achieved one of its important aims to operate. On the other hand, however, there have been no positive signals suggesting the existence of new particles which are not belonging to the framework of the standard model. That indicates non-standard particles, if any, might be too heavy to be created at the present LHC energies. Therefore, the top quark, the heaviest particle that can appear in real experiments, is expected to play an important role in searching for new physics beyond the standard model [3, 4].

In this situation, an approach in terms of the effective Lagrangian composed of only the standard-model fields is one of the most promising and general ways to parameterize quantum effects of non-standard particles and derive constraints on them. Therefore, quite a number of authors have so far studied top-quark physics at the Tevatron and LHC using this effective-Lagrangian procedure [5]-[30]. Among those works, what we have performed in [20, 24, 26] was to combine the Tevatron and LHC data on tt̄ productions to get a strong restriction on possible non-standard top-gluon couplings, i.e., the chromomagnetic- and chromoelectric-dipole moments of the top quark.

Now that the LHC has been into shutdown for upgrading to increase colliding energy after its successful operations at √ s =7 TeV (hereafter LHC7) and √ s = 8 TeV (LHC8), it will be meaningful to update those constraints by using the latest results of the Tevatron and LHC experiments in order to clarify the current status of new-physics search through top-gluon interactions in the effective Lagrangian approach. This is what we aim to perform here, which is going to be our first analysis taking the LHC8 results into account.

The effective Lagrangian which we have adopted so far is the one proposed by Buchmüller and Wyler [31] (see also [32]-[34]). In this framework, we have the following top-gluon couplings for the top-pair productions in pp/pp̄ collisions: L^{eff}_{ttg,ttgg} = − 1 2 g_s ∑ a [ ψ̄_t(x)λ^aγ^μψ_t(x)G^a_μ(x) − ψ̄_t(x)λ^a σ^{μν} m_t ( d_V + id_Aγ_5 ) ψ_t(x)G^a_{μν} (x) ] , (1)

– 1 – where g_s is the SU(3) coupling constant, d_V and d_A are non-standard couplings corresponding to the chromomagnetic- and chromoelectric-dipole moments, respectively. Using this Lagrangian for top-gluon interactions and the usual standardmodel Lagrangian for all the other interactions, the total cross section of top-pair productions is derived straightforwardly and expressed as σ(pp̄/pp → tt̄X) = σ_{SM} + Δσ(d_V , d_A), (2) where σ_{SM} denotes the standard-model cross section and Δσ(d_V , d_A) expresses the remaining d_{V,A}-dependent part. The explicit form of Eq.(2) is found at the parton level in Ref.[20]. As for the parton-distribution functions, we have been using “CTEQ6.6M” (NNLO approximation) [35].

Recently, new data of top-pair productions at the Tevatron and LHC experiments were presented by combining those from CDF and D0 collaborations at the Tevatron, and those from ATLAS and CMS collaborations at the LHC7 as

σ_{exp} = 7.65 ± 0.41 pb (CDF plus D0 at the Tevatron [36]), = 173.3 ± 10.1 pb (ATLAS plus CMS at the LHC7 [37]).

Furthermore, ATLAS and CMS gave new data at √ s = 8 TeV as

σ_{exp} = 241 ± 32 pb (ATLAS at the LHC8 [38]), = 227 ± 15 pb (CMS at the LHC8 [39]).

There, the following standard-model cross sections including higher-order QCD corrections were used for comparison based on [40]-[44]:

σ^{QCD}_{SM} = 7.24^{+0.24}_{−0.27} pb for the Tevatron,

= 167^{+17}_{−18} pb for the LHC7, = 220^{+14}_{−13} pb for the LHC8.

Treating the center values of these σ^{QCD}_{SM} as σ_{SM} in Eq.(2), and comparing it with the above experimental data, the resultant allowed regions of d_V and d_A are shown in Figs.1 and 2. In those figures, the ellipsoidal regions given by the solid curves, the dotted curves, the dashed curves and the dash-dotted curves are those from

– 2 –

Figure 1: The d_{V,A} region allowed by Tevatron, LHC7 and LHC8 data.

Figure 2: The enlarged view of the allowed region in Fig.1.

the combined Tevatron (CDF & D0), combined LHC7 (ATLAS [7 TeV] & CMS[7 TeV]), ATLAS [8 TeV] and CMS [8 TeV] data.^{♯1} In addition, the shaded regions mean the common d_{V,A} regions allowed by all the data. More specifically, the part allowed by combined Tevatron and LHC7 is the whole shaded, i.e., the black plus gray regions, while the gray part is the allowed one estimated by Tevatron and LHC7 data plus ATLAS and CMS data at √ s = 8 TeV. This shows that the black region was excluded by taking into account the LHC8 data. Although d_V is still mainly limited by the Tevatron data in the positive region, the latest Tevatron and LHC data are becoming dominant in its negative region.

Since the LHC with √ s = 14 TeV (LHC14) is planned to operate in the near future, the constraint of d_V and d_A could be much more improved. In order to estimate what improvement is expected with the increasing colliding energy, we also perform a virtual analysis according to the above method for the LHC14. Let us use the following theoretical prediction on the top-pair productions for m_t = 173 GeV [44], assuming 10% and 5% errors^{♯2} as the virtual-experimental value; σ( √ s = 14 TeV) = 920 ± 92 pb (10% error case),

♯1Note that readers might encounter a similar figure in which however all the curves got turned over about d_V = 0 (i.e., the d_A axis) as if they had performed the analysis with opposite-sign d_V . In that case, compare not only the sign of their non-standard coupling but also the one of their standard coupling with ours, since the interference between these two contributions would make this seeming difference. Concerning d_A, on the other hand, any difference does not appear because there is no such interference and the leading term is proportional to d^2_A. This is why all the curves in the figures are symmetric about the d_V axis.

♯2We mean those errors as combinations of the theoretical one in σ_{SM} and experimental one.

– 3 –

= 920 ± 46 pb (5% error case).

The results of this virtual analysis are shown in Fig.3. There, the dash-dot-dashed curves and the dot-dash-dotted curves which indicate the allowed region estimated from 10% and 5% error cases, respectively, are added to Fig.2. Moreover, the allowed regions combining the current constraint derived here and constraints from 10% and 5% error cases are described as the middle-lighter and lighter gray regions. As seen in Fig.3, the LHC14 has a potential to strengthen both of the current individual constraints on d_V and d_A about twice, i.e., the allowed area could become almost quarter its size, if the errors are controlled at about 5% level.

Figure 3: The expected allowed regions of d_{V,A} when LHC14 data become available.

In summary, using the latest data of top-pair productions at the Tevatron and LHC, the current bound on the chromomagnetic-dipole moment (d_V ) and chromoelectric-dipole moment (d_A) of the top quark was updated. Although the main contribution to constraining d_V , especially in its positive region, still comes from the Tevatron data, the LHC data are now giving almost the same constraint as the Tevatron in the negative region. For constraining d_A, on the other hand, the LHC8 data, which were taken into account for the first time here, are effective to exclude some area allowed by the Tevatron and LHC7 data alone. In addition, it was pointed out via a virtual analysis that the current allowed area on the d_V -d_A plane could get almost quarter the size if the errors are controlled at 5% level for the measured tt̄ cross section at the LHC with √ s = 14 TeV.

– 4 –

Acknowledgments This work was partly supported by the Grant-in-Aid for Scientific Research No. 22540284 from the Japan Society for the Promotion of Science. Part of the algebraic and numerical calculations were carried out on the computer system at Yukawa Institute for Theoretical Physics (YITP), Kyoto University.

REFERENCES [1] G. Aad et al. [ATLAS Collaboration], Phys. Lett. B 716 (2012) 1 (arXiv:1207.7214 [hep-ex]).

[2] S. Chatrchyan et al. [CMS Collaboration], Phys. Lett. B 716 (2012) 30 (arXiv:1207.7235 [hep-ex]).

[3] D. Atwood, S. Bar-Shalom, G. Eilam and A. Soni, Phys. Rept. 347 (2001) 1 [hep-ph/0006032].

[4] J.F. Kamenik, J. Shu and J. Zupan, arXiv:1107.5257 [hep-ph]. [5] D. Atwood, A. Aeppli and A. Soni, Phys. Rev. Lett. 69 (1992) 2754. [6] G.L. Kane, G.A. Ladinsky and C.P. Yuan, Phys. Rev. D 45 (1992) 124. [7] A. Brandenburg and J.P. Ma, Phys. Lett. B 298 (1993) 211. [8] D. Atwood, A. Kagan and T.G. Rizzo, Phys. Rev. D 52 (1995) 6264 (hep-ph/9407408).

[9] P. Haberl, O. Nachtmann and A. Wilch, Phys. Rev. D 53 (1996) 4875 (hep-ph/9505409).

[10] K.m. Cheung, Phys. Rev. D 53 (1996) 3604 (hep-ph/9511260); Phys. Rev. D 55 (1997) 4430 (hep-ph/9610368).

[11] B. Grzadkowski, B. Lampe and K.J. Abraham, Phys. Lett. B 415 (1997) 193 (hep-ph/9706489).

[12] B. Lampe, Phys. Lett. B 415 (1997) 63 (hep-ph/9709493).

– 5 –

[13] J. M. Yang and B. L. Young, Phys. Rev. D 56 (1997) 5907 (hep-ph/9703463). [14] S.Y. Choi, C.S. Kim and J. Lee, Phys. Lett. B 415 (1997) 67 (hep-ph/9706379).

[15] K. Hikasa, K. Whisnant, J.M. Yang and B.L. Young, Phys. Rev. D 58 (1998) 114003 (hep-ph/9806401).

[16] J. Sjolin, J. Phys. G G 29 (2003) 543.

[17] O. Antipin and G. Valencia, Phys. Rev. D 79 (2009) 013013 (arXiv:0807.1295 [hep-ph]).

[18] S.K. Gupta, A.S. Mete and G. Valencia, Phys. Rev. D 80 (2009) 034013 (arXiv:0905.1074 [hep-ph]).

[19] S.K. Gupta, G. Valencia, Phys. Rev. D81 (2010) 034013 (arXiv:0912.0707 [hep-ph]).

[20] Z. Hioki and K. Ohkuma, Eur. Phys. J. C 65 (2010) 127 (arXiv:0910.3049 [hep-ph]); Eur. Phys. J. C 71 (2011) 1535 (arXiv:1011.2655 [hep-ph]).

[21] D. Choudhury and P. Saha, Pramana 77 (2011) 1079 (arXiv:0911.5016 [hepph]).

[22] C. Degrande, J.-M. Gerard, C. Grojean, F. Maltoni and G. Servant, JHEP 1103 (2011) 125 (arXiv:1010.6304 [hep-ph]).

[23] J.F. Kamenik, M. Papucci and A. Weiler, Phys. Rev. D 85 (2012) 071501 (arXiv:1107.3143 [hep-ph]).

[24] Z. Hioki and K. Ohkuma, Phys. Rev. D 83 (2011) 114045 (arXiv:1104.1221 [hep-ph]).

[25] C. Zhang and S. Willenbrock, Phys. Rev. D 83 (2011) 034006 (arXiv:1008.3869 [hep-ph]).

[26] Z. Hioki and K. Ohkuma, Phys. Lett. B 716 (2012) 310 (arXiv:1206.2413 [hep-ph]).

– 6 –

[27] H. Hesari and M. M. Najafabadi, arXiv:1207.0339 [hep-ph]. [28] S. S. Biswal, S. D. Rindani and P. Sharma, arXiv:1211.4075 [hep-ph]. [29] A. Hayreter and G. Valencia, arXiv:1304.6976 [hep-ph]. [30] W. Bernreuther and Z. -G. Si, arXiv:1305.2066 [hep-ph]. [31] W. Buchmuller and D. Wyler, Nucl. Phys. B 268 (1986) 621. [32] C. Arzt, M.B. Einhorn and J. Wudka, Nucl. Phys. B 433 (1995) 41 (hep-ph/9405214).

[33] J.A. Aguilar-Saavedra, Nucl. Phys. B 812 (2009) 181 (arXiv:0811.3842 [hepph]); Nucl. Phys. B 821 (2009) 215 (arXiv:0904.2387 [hep-ph]).

[34] B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek, JHEP 1010 (2010) 085 (arXiv:1008.4884 [hep-ph]).

[35] P.M. Nadolsky et al., Phys. Rev. D 78 (2008) 013004 (arXiv:0802.0007 [hepph]).

[36] The Tevatron Electroweak Working Group, CDF Note 10926, D0 Note 6363. [37] ATLAS and CMS Collaborations, ATLAS-CONF-2012-134, CMS-PAS-TOP- 12-003.

[38] ATLAS Collaboration, ATLAS-CONF-2012-149. [39] CMS Collaborations, CMS-PAS-TOP-12-007.

[40] M. Cacciari, S. Frixione, M.L. Mangano, P. Nason and G. Ridolfi, JHEP 0404 (2004) 068 (hep-ph/0303085); JHEP 0809 (2008) 127 (arXiv:0804.2800 [hepph]).

[41] N. Kidonakis and R. Vogt, Phys. Rev. D 68 (2003) 114014 (hep-ph/0308222);

Phys. Rev. D 78 (2008) 074005 (arXiv:0805.3844 [hep-ph]).

[42] S. Moch and P. Uwer, Phys. Rev. D 78 (2008) 034003 (arXiv:0804.1476 [hepph]).

– 7 –

[43] U. Langenfeld, S. Moch and P. Uwer, Phys. Rev. D 80 (2009) 054009 (arXiv:0906.5273 [hep-ph]).

[44] N. Kidonakis, Phys. Rev. D 82 (2010) 114030 (arXiv:1009.4935 [hep-ph]).

– 8 –