Proceedings of the DIS’2004, Štrbské Pleso, Slovakia

SEARCH FOR SUPERLIGHT GRAVITINOS AT HERA

N. MALDEN Manchester University High Energy Physics Group, Schuster Laboratory, Brunswick Street, University of Manchester, Manchester M13 9PL, UK E-mail: malden@mail.desy.de

A search for gravitinos produced in positron-proton scattering is presented using the H1 detector at HERA. In models where the gravitino is the lightest supersymmetric particle, an R-parity violating t-channel exchange of a scalar electron can produce a neutralino, which subsequently decays into a photon and a superlight gravitino. The resulting event signature involves an isolated photon and missing transverse energy. No deviation from the Standard Model has been found. Limits on R-parity violating Yukawa couplings have been derived for different neutralino and selectron masses in the framework of a Gauge Mediated Supersymmetry Breaking scenario.

1 Introduction

At HERA, in previous analyses of R-parity (R_P ) violating Supersymmetry (SUSY) resonant squark production has been investigated [1]. Limits on various R_P - violating Yukawa couplings have been derived dependent on the squark mass. In this analysis, neutralino (χ^0_1) production has been studied via R_P -violating tchannel selectron exchange in positron proton scattering. The masses of squarks are assumed to be beyond the reach of HERA.

In Gauge Mediated Supersymmetry Breaking (GMSB) scenarios the slepton masses are usually much lower than the squark masses [2]. Therefore, the above process is studied within the framework of GMSB. Here the prompt decay of the neutralino into a photon and a gravitino is studied, which leads to prominent event signatures with a photon and large missing transverse momentum. Thus, the theoretical model investigated in this analysis is a combination of R_P -violating SUSY and GMSB. The gravitino is the lightest supersymmetric particle (LSP), while the neutralino is assumed to be the next-to-lightest supersymmetric particle (NLSP).

The data were taken from 1999 to 2000, when HERA was operating with a center of mass energy of √ s = 319 GeV. They correspond to an integrated luminosity of 65.4 pb^{−1} (e^+p data) and 14.0 pb^{−1} (e^−p data).

2 Theoretical Framework

R-parity is a discrete multiplicative symmetry. It can be written as R_P = (−1)^{3B+L+2S} , where B denotes the baryon number, L the lepton number and S the spin of a particle. For all superfields of the supersymmetric Standard Model, each Standard Model (SM) field has the quantum number R_P = +1 and its superpartner R_P = −1. The most general gauge and supersymmetry invariant superpotential [3] contains an R_P -violating Yukawa coupling between a left-handed selectron ẽ_L, a

© Institute of Experimental Physics SAS, Košice, Slovakia 1 left-handed up-type quark u^i_L and a right-handed down type anti-quark d̄^j_R, where i and j denote generation indices. The corresponding part of the Lagrangian reads as: L_{RPV} = λ^′_{1jk} (−ẽ_Lu^j_Ld̄^k_R) + h.c. (1)

At HERA, the presence of interactions (1) lead to neutralino production via tchannel selectron exchange. The search presented here is performed under the simplifying assumption that one of the couplings λ^′_{1j1} (j = 1, 2) dominates. In GMSB models the gravitino mass is given by

m_{G̃} = F √ 3M_P (2) where M_P = 2.4 · 10^{18} GeV is the reduced Planck mass and F the fundamental squared scale of Supersymmetry breaking. This leads to typically light (< 1 GeV) gravitino masses. Therefore the gravitino is the lightest SUSY particle. The couplings of SUSY particles to the gravitino are small, so the gravitino only emerges in the decay of the NLSP (which is the neutralino in our scenario), provided that the R_P -violating decay of the NLSP is not largely dominant.

3 Event Selection

The decay χ^0 → γG̃ is characterized by missing transverse energy and by an electromagnetic cluster in the calorimeter. The main SM background is expected from CC DIS. Events characteristic [4] of non-ep interactions are rejected. Events are selected with a total vector sum of the transverse momentum in all calorimeters greater than 25 GeV and an identified isolated photon of transverse momentum greater than 15 GeV.

To reject NC DIS background in which the scattered electron (sometimes misinterpreted as a photon) is dominantly scattered through small angles, photon candidates are accepted in the forward region of the detector only (10^o < θ_γ < 80^o). For θ_γ > 20^o an electromagnetic cluster is only accepted if it is not associated with a charged track in the central tracking system fulfilling matching criteria of cluster energy and track momentum. Furthermore, ∑ (E − p_z) > 15 GeV is required^a to reduce CC-DIS background.

Having applied all selection cuts, 1 (0) event is found for an expected background of 1.2 ± 0.2 (1.9 ± 0.2) events in the e^−p (e^+p) data set. The selection efficiency for the signal ranges between 10% and 30%.

4 GMSB Model Dependent Interpretations

No significant deviation from the SM has been observed (see Section 3), so limits in a GMSB model are derived, using the search results including the effects of systematic errors on the signal detection efficiencies and background expectation

aThe summation runs over all energy deposits in the calorimeters.

[5]. While there is no unique GMSB model, there are typically [6,7,8] six new parameters in addition to those of the SM:

F, Λ, M, N, tan β and sign(μ) . (3)

The parameter √ F is the intrinsic SUSY breaking scale which determines the G̃ mass, Λ sets the overall mass scale for SUSY particles, M is the mass of the messenger particles, N is the number of sets of messenger particles, and tan β is the usual ratio of the Higgs vacuum expectation values. The final parameter sign(μ) is the sign of the Higgs sector mixing parameter, μ (the magnitude of μ is calculable from the other parameters in the minimal model by imposing radiative electroweak symmetry breaking).

We work in a theoretical framework based on [6], but assuming that the lefthanded selectron mass is equal to the right-handed one. The theoretical calculations are embedded in the SUSYGEN [9] generator. For the limits presented below, tan β = 2, N = 1 and a negative μ is chosen. The remaining free GMSB parameters Λ and M have been transformed into the parameters m_{ẽ,R} (= m_{ẽ,L} = m_ẽ) and m_χ0_1 . So, in the following, the limits are presented as a function of m_ẽ and m_χ0_1 . The parameter range considered in this analysis corresponds then to a scan of 17.3 ≤ Λ ≤ 51.5 TeV and 450 ≤ M ≤ 5.3 · 10^7 TeV. In figure 1, excluded regions at the 95% confidence level are presented in the plane spanned by m_ẽ − m_χ0_1 and m_χ0_1 for different values of λ^′. For selectron masses very close to the neutralino mass and for λ^′_{1j1} = 1.0, neutralino masses up to 108 GeV can be excluded.

The excluded regions in figure 1 can be compared to the region excluded by OPAL [10] analyzing e^+e^− → χ^0_1χ^0_1 → γG̃γG̃ in an R-parity-conserving SUSY scenario. OPAL are mostly sensitive to right-handed selectrons (exchanged in the t-channel) and perform a scan over the GMSB parameter space. Their result for tan β = 2 excludes the region m_χ0_1 = 91 GeV (almost independently of the selectron mass) at the 95% confidence level. Thus, for not too low values of λ^′_{1j1}, H1 can extend the region excluded by OPAL.

In figure 2, lower limits at 95% confidence level on λ^′_{1j1} (j = 1, 2) and λ^′_{11k} (k = 1, 2, 3) are given as a function of m_χ0_1 for various assumptions for the difference between selectron and neutralino mass. While λ^′_{111} is already tightly constrained by neutrinoless double beta decay searches [11], these are the first limits derived on λ^′_{121} which are independent of squark masses.

5 Conclusions

We have searched for events containing a photon and large missing transverse momentum, expected in R_P -violating models with gauge mediated SUSY breaking, at a center-of-mass energy of √ s = 319 GeV with the H1 detector at HERA. No evidence for a deviation from the SM was found. Limits which constrain minimal models of gauge mediated supersymmetry breaking have been derived for different values of the R_P -violating coupling. For the first time, limits on the R_P -violating coupling λ^′_{121} have been derived independently of squark masses.

Figure 1. Excluded regions at the 95% C.L. in the plane spanned by m_ẽ − m_χ0_1 and m_χ0_1 for different values of λ^′.

Figure 2. Lower limits at 95% C.L. on λ^′_{1j1} (j = 1, 2) and λ^′_{11k} (k = 1, 2, 3) as a function of m_χ0_1 for various assumptions for the difference between selectron and neutralino mass.

Acknowledgements

Christian Schwanenberger (schwanen@mail.desy.de) deserves full credit for the work presented here. We thank the hosts of DIS’04 for a well organised and interesting conference in a delightful setting.

References

1. S. Aid et al. [H1 Collaboration], Z. Phys. C 71 (1996) 211 [hep-ex/9604006];

C. Adloff et al. [H1 Collaboration], Eur. Phys. J. C 20 (2001) 639 [hepex/0102050];

H1 Collaboration, “Searches for Squark Production in R-Parity Violating Supersymmetry at HERA”, paper 101 submitted to the Intl. Europhysics Conference on High Energy Physics, EPS 2003, Aachen (2003).

2. R. Culbertson et al. [SUSY Working Group Collaboration], [hep-ph/0008070];

S. Dimopoulos, S. Thomas and J. D. Wells, Nucl. Phys. B 488 (1997) 39 [hepph/9609434];

S. Ambrosanio, G. D. Kribs and S. P. Martin, Phys. Rev. D 56 (1997) 1761 [hep-ph/9703211];

G. F. Giudice and R. Rattazzi, Phys. Rept. 322 (1999) 419 [hep-ph/9801271]. 3. S. Weinberg, Phys. Rev. D 26 (1982) 287;

N. Sakai and T. Yanagida, Nucl. Phys. B 197 (1982) 83; S. Dimopoulos, S. Raby and F. Wilczek, Phys. Lett. B 112 (1982) 133.

4. C. Adloff et al. [H1 Collaboration], Eur. Phys. J. C13 (2000) 609 [hepex/9908059].

5. T. Junk, Nucl. Instrum. Meth. A 434 (1999) 435 [hep-ex/9902006]. 6. S. Dimopoulos, S. Thomas and J. D. Wells, Nucl. Phys. B 488 (1997) 39 [hep-ph/9609434].

7. S. Ambrosanio, G. D. Kribs and S. P. Martin, Phys. Rev. D 56 (1997) 1761 [hep-ph/9703211].

8. G. F. Giudice and R. Rattazzi, Phys. Rept. 322 (1999) 419 [hep-ph/9801271]. 9. SUSYGEN 3.0/0.6, “A Monte Carlo Event generator for MSSM sparticle production for e^+e^−, μ^+μ^− and ep colliders”, N. Ghodbane, S. Katsanevas, P. Morawitz and E. Perez, http://lyoinfo.in2p3.fr/susygen/susygen3.html; E. Perez, Proceedings of the Workshop “Monte Carlo Generators for HERA Physics”, DESY, 1998-1999, p 635, A.T. Doyle, G. Grindhammer, G. Ingelman and H. Jung (Editors).

10. G. Abbiendi et al. [OPAL Collaboration], Phys. Lett. B 501 (2001) 12 [hepex/0007014].

11. R.N. Mohapatra, Phys. Rev. D34 (1986) 3457.