Published by Institute of Physics Publishing for SISSA/ISAS Received: March 17, 2002 Revised: June 27, 2002 Accepted: July 22, 2002

Prospects for sgoldstino search at the LHC

Dmitry S. Gorbunov and Nikolai V. Krasnikov

Institute for Nuclear Research of the Russian Academy of Sciences 60th October Anniversary prospect 7a, Moscow 117312, Russia E-mail: gorby@ms2.inr.ac.ru, krasniko@ms2.inr.ac.ru

Abstract: In this paper we estimate the LHC sgoldstino discovery potential for the signatures with γγ and ZZ in a final state.

Keywords: Supersymmetry Phenomenology, Supersymmetric Standard Model, Hadronic Colliders, Beyond Standard Model.

© SISSA/ISAS 2002 http://jhep.sissa.it/archive/papers/jhep072002043 /jhep072002043 .pdf

It is well known, that exist models of supergravity breaking with relatively light sgoldstinos (scalar S and pseudoscalar P particles — superpartners of goldstino ψ). Such pattern emerges in a number of non-minimal supergravity models [1] and also in gauge mediation models if supersymmetry is broken via non-trivial superpotential (see, ref. [2] and references therein). To the leading order in 1/F , where F is the parameter of supersymmetry breaking, and to zero order in MSSM gauge and Yukawa coupling constants, the interactions between the component fields of goldstino supermultiplet and MSSM fields have been derived in ref. [3]. They correspond to the most attractive for collider studies processes where only one of these new particles appears in a final state. In this case light gravitino behaves exactly as goldstino. For sgoldstinos, as they are R-even, only sgoldstino couplings to goldstino and sgoldstino couplings to SM fields have been included as the most interesting phenomenologically.

All relevant sgoldstino coupling constants presented in ref. [3] are completely determined by the MSSM soft terms and the parameter of supersymmetry breaking F , but sgoldstino masses (m_S , m_P ) remain free. If sgoldstino masses are of the order of electroweak scale and √ F ∼ 1 TeV — sgoldstino may be detected in collisions of high energy particles at supercolliders [4, 5].

There are flavor-conserving and flavor-violating interactions of sgoldstino fields. As concerns flavor-conserving interactions, the strongest bounds arise from astrophysics and cosmology, that is √ F ≳ 10^6 GeV [6, 7], or m_{3/2} > 600 eV, for models with m_{S(P )} < 10 keV and MSSM soft flavor-conserving terms being of the order of electroweak scale. For the intermediate sgoldstino masses (up to a few MeV) constraints from the study of SN explosions and reactor experiments lead to √ F ≳ 300 TeV [7]. For heavier sgoldstinos, low energy processes (such as rare decays of mesons) provide limits at the level of √ F ≳ 500 GeV [7].

The collider experiments exhibit the same level of sensitivity to light sgoldstinos as rare meson decays. Indeed the studies [8, 9, 10, 11] of the light sgoldstino (m_{S,P} ≲ a few MeV) phenomenology based on the effective low-energy lagrangian derived from N=1 linear supergravity yield the bounds: √ F ≳ 500 GeV (combined bound on Z → Sf̄f, P f̄f [10];

combined bound on e^+e^− → γS, γP [9]) at M_{soft} ∼ 100 GeV, √ F ≳ 1 TeV [11] (combined bound on pp̄ → gS, gP ) at gluino mass M_3 ≃ 500 GeV. Searches for heavier sgoldstinos at colliders, though exploiting another technique, results in similar bounds on the scale of supersymmetry breaking. Most powerful among the operating machines, LEP and Tevatron, give a constraint of the order of 1 TeV on supersymmetry breaking scale in models with light sgoldstinos. Indeed, the analysis carried out by DELPHI Collaboration [12] yields the limit √ F > 500 ÷ 200 GeV at sgoldstino masses m_{S,P} = 10 ÷ 150 GeV and M_{soft} ∼ 100 GeV. The constraint depends on the MSSM soft breaking parameters. In particular, it is stronger by about a hundred GeV in the model with degenerate gauginos. At Tevatron, a few events in pp̄ → Sγ(Z) channel, and about 10^4 events in pp̄ → S channel would be produced at √ F = 1 TeV and M_{soft} ∼ 100 GeV for integrated luminosity L = 100 pb^{−1} and sgoldstino mass of the order of 100 GeV [5]. This gives rise to a possibility to detect sgoldstino, if it decays inside the detector into photons and √ F is not larger than 1.5 ÷ 2 TeV.

– 1 –

In this note we estimate the LHC sgoldstino discovery potential using as a signature the decay of sgoldstino into two photons or(and) two Z-bosons.

In terms of SU(3)_c ×SU(2)_L ×U(1)_Y fields the sgoldstino effective lagrangian reads [3]:

L_S = − ∑ all gauge fields M_α 2 √ 2F S · F^α_{a μν} F^{α μν}_a − A^L_{ab} √ 2F y^L_{ab} · S ( ϵ_{ij}l^j_ae^c_bh^i_D + h.c. ) −

− A^D_{ab} √ 2F y^D_{ab} · S ( ϵ_{ij}q^j_ad^c_bh^i_D + h.c. ) − A^U_{ab} √ 2F y^U_{ab} · S ( ϵ_{ij}q^i_au^c_bh^j_U + h.c. ) , L_P = ∑ all gauge

fields M_α 4 √ 2F P · F^α_{a μν} ϵ^{μνλρ}F^α_{a λρ} − i A^L_{ab} √ 2F y^L_{ab} · P ( ϵ_{ij}l^j_ae^c_bh^i_D − h.c. ) −

− i A^D_{ab} √ 2F y^D_{ab} · P ( ϵ_{ij}q^j_ad^c_bh^i_D − h.c. ) − i A^U_{ab} √ 2F y^U_{ab} · P ( ϵ_{ij} q^i_au^c_bh^j_U − h.c. ) . L_{ψ,S,P} = i∂_μψ̄σ̄^μψ + 1 2 ∂_μS∂^μS − 1 2 m^2_S S^2 + 1 2 ∂_μP ∂^μP − 1 2 m^2_P P^2 + + m^2_S 2 √ 2F S ( ψψ + ψ̄ψ̄ ) − i m^2_P 2 √ 2F P ( ψψ − ψ̄ψ̄ ) . where M_α are gaugino masses and A_{αβ} y_{αβ} are soft trilinear coupling constants. In this letter we consider A_{ab} = A and Yukawas y_{ab} ∝ δ_{ab} as in SM.

At hadron colliders sgoldstinos will be produced mostly by gluon resonant scattering gg → S(P ) [5]. The associated production gg → S(P )g has several times smaller cross section than resonant production and the corresponding discovery potential (in analogy with SM Higgs boson case) is expected to be weaker than the discovery potential for the resonant mode gg → S(P ).

One has to consider the subsequent decay of the sgoldstino inside the detector. Indeed, for the range of parameters that are relevant for this study, sgoldstinos are expected to decay inside the detector, not far from the collision point. Then, assuming that the supersymmetric partners (others than the gravitino G̃) are too heavy to be relevant for the sgoldstino decays, the main decay channels are: S(P ) → gg, γγ, G̃G̃, ff̄, γZ, W W, ZZ . The corresponding widths have been calculated in refs. [4, 5].^1

For a sgoldstinos decaying into pairs of massless gauge bosons, one has Γ(S(P ) → γγ) = M^2_{γγ} m^3_{S(P )}

32πF^2 , Γ(S(P ) → gg) = M^2_3 m^3_{S(P )}

4πF^2 , where M_{γγ} = M_1 cos^2 θ_W + M_2 sin^2 θ_W , and θ_W is the electroweak mixing angle. Note that for M_{γγ} ∼ M_3 gluonic mode dominates over the photonic one due to the color factor enhancement.

1There is an additional parameter μa in sgoldstino decay widths into weak bosons presented in ref. [4]; this parameter is absent in the minimal model considered in this letter, see ref. [3].

– 2 –

Model M_1 M_2 M_3 A I 100 GeV 300 GeV 500 GeV 300 GeV II 300 GeV 300 GeV 300 GeV 300 GeV

Table 1: The sets of parameters which the LHC sensitivity is presented for.

For the values of √ F we are interested in, gravitino is very light, with mass in the range m_{G̃} = √ 8π/3 F/M_{P l} ≃ 10^{−3} ÷ 10^{−1} eV. Then, the sgoldstino decay rates into two gravitinos are given by

Γ(S(P ) → G̃G̃) = m^5_{S(P )} 32πF^2 , and become comparable with the rate into two photons for heavy sgoldstinos, such that m_{S(P )} ∼ M_{γγ} . Sgoldstinos can also decay into fermion pairs, with rates

Γ(S → ff̄) = N_C A^2m^2_f m_S 32πF^2 ( 1 − 4m^2_f m^2_S )_{3/2} ,

Γ(P → ff̄) = N_C A^2m^2_f m_P 32πF^2 ( 1 − 4m^2_f m^2_P )_{1/2} , where m_f is fermion mass, and N_C = 3 for quarks and N_C = 1 for leptons. One can see that, far from the threshold, the fermionic branching ratios are suppressed by a factor m^2_f /m^2_S in general. Hence, the decay S(P ) → ff̄ can be relevant for large trilinear couplings and/or if the sgoldstino mass happens to be not too far from m_f . Finally, sgoldstinos lighter than the top quark can decay into massive vector bosons states. For m_{S(P )} > M_Z , m_{S(P )} > 2M_W and m_{S(P )} > 2M_Z the Zγ, W^+W^− and ZZ channels open up, respectively. The corresponding rates read

Γ(S(P ) → γZ) = M^2_{γZ} m^3_{S(P )} 16πF^2 ( 1 − M^2_Z m^2_{S(P )}

)_3 ,

Γ(P → W^+W^−) =

M^2_2 m^3_P 16πF^2 ( 1 − 4M^2_W m^2_P )_{3/2} ,

Γ(S → W^+W^−) =

M^2_2 m^3_S 16πF^2 ( 1 − 4

M^2_W m^2_S + 6 M^4_W m^4_S ) √ 1 − 4M^2_W m^2_S ,

Γ(P → ZZ) = M^2_{ZZ} m^3_P 32πF^2 ( 1 − 4M^2_Z m^2_P )_{3/2} ,

Γ(S → ZZ) = M^2_{ZZ} m^3_S 32πF^2 ( 1 − 4

M^2_Z m^2_S + 6 M^4_Z m^4_S ) √ 1 − 4M^2_Z m^2_S , where M_{γZ} = (M_2 − M_1) cos θ_W sin θ_W and M_{ZZ} = M_1 sin^2 θ_W + M_2 cos^2 θ_W .

We will present the estimates for the LHC sensitivity to the scale of supersymmetry breaking for two sets of MSSM soft parameters shown in table 1.

– 3 –

Γ_S, GeV_{√F = 1 TeV}

√ F = 3 TeV

√ F = 5 TeV

m_S , GeV

Figure 1: Total decay width of sgoldstino Γ_S as a function of its mass m_S for the model I. Br_{S gg}

bb̄ γZ G̃G̃ γγ

tt̄

W^+W^−

ZZ

m_S , GeV

Figure 2: Sgoldstino branching ratios Br_S as functions of its mass m_S for the model I.

For these sets of parameters we calculate sgoldstino width (see figures 1, 3) and branching ratios (see figures 2, 4). In fact, only gg, γγ, ZZ, W^+W^− and G̃G̃ modes are relevant in our study.

For γγ mode the simulations of the CMS detector [13] lead for the Higgs boson masses m_h = 100, 110, 130 GeV to the mass resolutions ΔM = 0.78, 0.87, 0.96 GeV (high luminosity L = 10^{34} cm^{−2}s^{−1}). So, to estimate the diphoton mass resolution we shall use the simplest parametrisation ΔM M = 0.008 .

– 4 –

Γ_S, GeV^√F = 1 TeV

√ F = 3 TeV

√ F = 5 TeV

m_S , GeV

Figure 3: Total decay width of sgoldstino Γ_S as a function of its mass m_S for the model II.

Br_S gg

bb̄

G̃G̃ γγ

tt̄ W^+W^− ZZ

m_S , GeV

Figure 4: Sgoldstino branching ratios Br_S as functions of its mass m_S for the model II.

In order to estimate the 4 lepton mass resolution ZZ → 4 leptons we use the parametrisa-

tion ΔM M = 0.02 .

Defining a signal significance as Σ = N_S √ N_B = σ_S √ σ_B √ L^{−1}_{LHC} ,

where L^{−1}_{LHC} is the integrated luminosity of LHC, we estimate the signal significance for

– 5 –

Γ_S/Γ_h √ F = 1 TeV

√ F = 3 TeV √ F = 5 TeV

m, GeV

Figure 5: The ratio of sgoldstino width Γ_S and Higgs width Γ_h as a function of mass m at various √ F for the model I.

Γ_S/Γ_h √ F = 1 TeV

√ F = 3 TeV √ F = 5 TeV

m, GeV

Figure 6: The ratio of sgoldstino width Γ_S and Higgs width Γ_h as a function of mass m at various √ F for the model II.

sgoldstino events:

Σ_S = Σ_h · Γ(S → gg) Γ(h → gg) Br^{γγ(ZZ)} S Br^{γγ(ZZ)} h √ max(Γ_S , ΔM)

max(Γ_h, ΔM)

, (1)

with Σ_h being the signal significance for SM Higgs boson. We will exploit only γγ and

ZZ channels. In what follows we will use Σ_h(m_h) presented by CMS Collaboration in

refs. [14, 15] for γγ and ZZ channels, respectively. Note that partial width for both

– 6 –

NS√ NB

L = 100 fb^{−1} √ F = 5 TeV

√ F = 5.5 TeV

√ F = 6 TeV

m_S , GeV

Figure 7: Signal significance of γγ channel as a function of sgoldstino mass m_S for the model I. NS√ NB L = 100 fb^{−1} √ F = 7 TeV

√ F = 8 TeV

√ F = 9 TeV

m_S , GeV

Figure 8: Signal significance of γγ channel as a function of sgoldstino mass m_S for the model II.

scalars (sgoldstino and Higgs boson) should be calculated either in the leading order or with account of electroweak/strong corrections. The results coincide, since the relevant corrections for any neutral scalar SM singlet are the same.

For two sets of the MSSM soft breaking terms shown in table 1 we present plots with lines of the LHC sensitivities to sgoldstinos of various masses.

First, we present the plots 5, 6 with the ratios of sgoldstino-to-Higgs widths. One can see, that for the relevant region in (m_{S(P )}, √ F ) space, sgoldstino width is more narrow.

– 7 –

NS√ NB L = 100 fb^{−1} √ F = 1.75 TeV

√ F = 2 TeV

√ F = 2.25 TeV

m_S , GeV

Figure 9: Signal significance of ZZ channel as a function of sgoldstino mass m_S for the model I.

L = 100 fb^{−1}

NS√ NB √ F = 2 TeV √ F = 2.25 TeV

√ F = 2.5 TeV

m_S , GeV

Figure 10: Signal significance of ZZ channel as a function of sgoldstino mass m_S for the model I.

Our main results are the plots 7–12 with the LHC sensitivity to the scale of supersymmetry breaking estimated by making use of eq. (1): figures 7, 8 refer to two-photon channel, figures 9, 11 correspond to ZZ channel and M_S < 500 GeV, figures 10, 12 concern ZZ channel and M_S > 500 GeV.

We would like to mention that we did not take into account sgoldstino couplings to superpartners. If open (allowed kinematically), new sgoldstino decay channels distort the pattern of sgoldstino branching ratios into SM particles. In a given model the level of

– 8 –

NS√ NB L = 100 fb^{−1} √ F = 1.75 TeV

√ F = 2 TeV

√ F = 2.25 TeV

m_S , GeV

Figure 11: Signal significance of ZZ channel as a function of sgoldstino mass m_S for the model II.

L = 100 fb^{−1}

NS√ NB √ F = 2 TeV

√ F = 2.25 TeV

√ F = 2.5 TeV

m_S , GeV

Figure 12: Signal significance of ZZ channel as a function of sgoldstino mass m_S for the model II.

distortion depends on the set of soft supersymmetry breaking masses and sgoldstino masses and effective couplings to superpartners. As clearly seen from eq. (1), the distortion can affect our predictions of LHC sensitivity iff a partial width of some new channel becomes comparable to the partial width of the dominant gluonic channel. The deviation of the predictions may be estimated from eq. (1). In particular, if the total decay rate into superpartners becomes equal to decay rate into two gluons, the sensitivity to √ F decreases by 20%.

– 9 –

It should be noted that in ref. [16] by making use of the same method as our the sensitivity of the LHC to the radion has been investigated. Certainly the method is viable for any scalar SM singlet massive field.

Acknowledgments

The work is supported in part by CPG and SSLSS grant 00-15-96626. The work of D.G. is also supported in part by the RFBR grants 01-02-16710, 02-02-17398, by INTAS YSF 2001/2-142 and by the program SCOPES of the Swiss National Science Foundation, project No. 7SUPJ062239. The work of N.K. is also supported by CERN-INTAS 99-0377.

References

[1] J.R. Ellis, K. Enqvist and D.V. Nanopoulos, A very light gravitino in a no scale model, Phys.

Lett. B 147 (1984) 99; Noncompact supergravity solves problems, Phys. Lett. B 151 (1985) 357.

[2] G.F. Giudice and R. Rattazzi, Theories with gauge-mediated supersymmetry breaking, Phys.

Rept. 322 (1999) 419 [hep-ph/9801271];

S.L. Dubovsky, D.S. Gorbunov and S.V. Troitsky, Gauge mechanism of mediation of supersymmetry breaking, Phys. Usp. 42 (1999) 623 [hep-ph/9905466].

[3] D.S. Gorbunov and A.V. Semenov, Comphep package with light gravitino and sgoldstinos,

hep-ph/0111291.

[4] E. Perazzi, G. Ridolfi and F. Zwirner, Signatures of massive sgoldstinos at e^+e^− colliders, Nucl. Phys. B 574 (2000) 3 [hep-ph/0001025].

[5] E. Perazzi, G. Ridolfi and F. Zwirner, Signatures of massive sgoldstinos at hadron colliders, Nucl. Phys. B 590 (2000) 287 [hep-ph/0005076].

[6] M. Nowakowski and S.D. Rindani, Astrophysical limits on gravitino mass, Phys. Lett. B 348 (1995) 115 [hep-ph/9410262].

[7] D.S. Gorbunov, Light sgoldstino: precision measurements versus collider searches, Nucl.

Phys. B 602 (2001) 213 [hep-ph/0007325].

[8] D.A. Dicus, S. Nandi and J. Woodside, Collider signals of a superlight gravitino, Phys. Rev.

D 41 (1990) 2347.

[9] D.A. Dicus and P. Roy, Restrictions on gravitino mass from chiral scalar and pseudoscalar production, Phys. Rev. D 42 (1990) 938.

[10] D.A. Dicus, S. Nandi and J. Woodside, Unusual Z0 decays in supersymmetry with a superlight gravitino, Phys. Rev. D 43 (1991) 2951.

[11] D.A. Dicus and S. Nandi, New collider bound on light gravitino mass, Phys. Rev. D 56 (1997) 4166 [hep-ph/9611312].

[12] DELPHI collaboration, P. Abreu et al., Search for the sgoldstino at √ s from 189 GeV to 202 GeV, Phys. Lett. B 494 (2000) 203 [hep-ex/0102044].

[13] CMS, Technical propose, CERN/LHCC/94-38, 15 december 1994.

– 10 –

[14] CMS: The electromagnetic calorimeter. Technical design report, CMS-ECAL TDR, Dec. 1997 p. 27.

[15] CMS collaboration, D. Denegri, The CMS detector and physics at the LHC, CERN-PPE-95-183 Invited talk at the conference on elementary particle physics, present and future, Valencia, Spain, Jun 5–8, 1995.

[16] G.F. Giudice, R. Rattazzi and J.D. Wells, Graviscalars from higher-dimensional metrics and curvature-Higgs mixing, Nucl. Phys. B 595 (2001) 250 [hep-ph/0002178].

– 11 –