arXiv:1307.3944v1 [astro-ph.HE] 15 Jul 2013

A peak in the cosmic ray spectrum at 4.5 PeV?

Robert Ehrlich George Mason University, Fairfax, VA 22030^∗ (Dated: July 16, 2013)

Abstract

We here discuss some possible evidence for a peak at 4.5P eV for cosmic rays having arrival directions within several degrees of candidate sources, which if correct would be the second time such a 4.5P eV peak has been claimed having arrival directions within a few degrees of a possible source of cosmic rays. Moreover the existence of such a spectral peak (presumably associated with PeV neutral particles travelling in straight lines from their source) was predicted prior to its first being reported in 1999 on the assumption that the electron neutrino is a tachyon, and has a masssquared m^2 ≈ −0.25eV^2. An alternate explanation for the 4.5P eV peak is considered and found to be unlikely.

∗Electronic address: rehrlich@gmu.edu

I. INTRODUCTION

We report here possible evidence for a sharp peak at E = 4.5P eV in the cosmic ray spectrum for arrival directions within a few degrees of possible sources. The evidence comes from data taken by two collaborations at Moscow State University,[1, 2]. This possible evidence constitutes the second claim of a sharp peak at this energy from cosmic rays having arrival directions near a possible cosmic ray source – the first having been reported in 1999.[3] Moreover, the existence of a peak at E = 4.5P eV for cosmic rays arriving along directions near some possible cosmic ray sources had been predicted before that first report based on a fit to the overall high energy cosmic ray spectrum that assumed the electron neutrino to be a tachyon having a mass m^2 ≈ −0.25eV^2.[4] The sequence of the present paper is historical. Thus, the article first discusses the hypothesis that one or more neutrinos are tachyons, with emphasis on the electron neutrino, next it considers a 1994 proposal by Chodos et al. on how this possibility could be tested,[5, 6] and next some cosmic ray work applying the Chodos et al. test that led to the prediction and subsequent first claimed observation of a 4.5P eV peak.[3, 4] In a subsequent section it discusses new results for E > 1P eV cosmic rays near various possible sources that support the 1999 claim, and finally it discusses the merits of alternative possibilities that might explain the appearance of such a peak if its existence is confirmed by others.

A. Tachyonic neutrinos

Among all the known particles only one or more of the neutrinos could possibly be a tachyon (with v > c and m^2 < 0) in light of the closeness of their masses to zero, and the fact that neutrino oscillations imply they are not all identically zero. While no definitive evidence exists on the question of the sign of the neutrino’s m^2, various theoretical[5–12] and observational[3, 4, 13, 14] reasons have been advanced over the years as to why one or more neutrino flavor or mass states may be indeed be a tachyon. Despite the recent intense interest stimulated by the original incorrect OPERA result implying v > c muon neutrinos,[15] it has probably been the electron neutrino flavor that has received the greatest attention over the years, as a possible tachyon candidate. While values of m^2 < 0 have been regarded as “unphysical” by many physicists, including even some who are carrying out experiments to measure m^2_{νe} [16], for most physicists the question probably is strictly an empirical one.

Nearly all tritium beta decay experiments over the years have reported negative m^2_{νe} best values, although the most recent and most accurate ones, while also yielding negative best values have an uncertainty range that is consistent with m^2 > 0.[17] Those earlier tritium experiments suggesting m^2_{νe} < 0 values well outside their error bars, though almost certainly incorrect, were the impetus for a proposed test by Chodos et al. in 1994 for a tachyonic electron neutrino.[5, 6] They noted that stable particles such as the proton should beta decay when their energy in the lab exceeded some threshold that depended on the value of m^2_{νe} < 0. Briefly, the idea is that if a tachyon is among a particle’s decay products energetically forbidden decays actually can occur because when the decaying particle’s energy in the lab frame exceeds a certain threshold E > E_{th}, the Lorentz Transformation makes an emitted negative energy neutrino in the C.M. system have a positive energy in the lab, and therefore the process is energetically allowed. In other words, according to the reinterpretation principle,[18] a E < 0 tachyon (going backward in time) can always be reinterpreted as a E > 0 (anti)tachyon traveling forward in time, because observers can disagree as to whether tachyons have been emitted or absorbed. In the case of the proton the predicted threshold for p → ne^+ν_e becomes

E_{th} = 1.7P eV |m_{νe} | (1) where |m_{νe} | = √ −m^2_{νe} in eV , so that for example for m^2_{νe} ≈ −0.25eV^2, we have E_{th} = 3.4P eV .[4]

II. REVIEW OF EARLIER WORK SUGGESTING m^2_{νe} ≈ −0.25eV^2

The most notable feature of the cosmic ray spectrum which nearly obeys a power law of the form^{dN}_{dE} ∝ E^γ for around ten decades of energy is the abrupt small increase in the value of γ ≈ −2.7 that occurs at an energy E ≈ 3.4P eV which is known as the knee of the spectrum. For E > E_{knee}, the spectrum steepens (γ ≈ 3.0) until an energy E ≈ 10^{18.5}eV (known as the second knee or ankle) where another change in γ occurs. The degree of sharpness at both the knee and ankle may be inconsistent with some possible explanations of these features, including the classic diffusion model, or the idea that cosmic rays above and below the knee have different sources.[19] In a 1999 publication Ehrlich applied the suggestion of Chodos et al. to fit the cosmic ray spectrum, including both the knee and the ankle.[4] In this model the spectrum at its source was assumed to be an unbroken power law (no knees), and the knee was interpreted as the threshold for p → ne^+ν_e. A good fit to the spectrum was obtained, given certain assumptions on source distances and cosmic ray composition, observed to be mostly protons near the knee. Moreover, the gradual change observed in a decrease in the proton fraction of cosmic rays has been observed to occur right at the knee,[20] as required by the increasing depletion of protons for E > E_{knee} required in the model.

A. 4.5P eV neutron peak and Cygnus X-3

In that 1999 paper a prediction was made that there should be a sharp (ΔE < 1P eV ) peak of neutrons in the primary cosmic rays slightly above the energy of the knee, given that for E > E_{knee} one has in effect a decay chain: p → n → p → n → · · · . This decay chain continues until the baryon’s energy drops below E_{knee} leading to a pile-up of neutrons just above the knee. Note, that it is due to this decay chain that neutrons having E << 1000P eV could reach us from sources normally considered too distant given the neutron lifetime. (At the knee we have γcτ = 0.028kpc.) Although neutrons produce the same kinds of showers in the Earth’s atmosphere as protons the two could be distinguished based on the fact that neutrons, although they do have a magnetic moment, would mostly point back to their sources, unlike E << 1000P eV protons whose directions are randomized by the galactic magnetic field. Thus, if the baryon in the decay chain spends most of its time as a neutron (not surprising given the long neutron lifetime), most of its directional information should be preserved en route to Earth. In a second 1999 publication,[3] evidence was presented for such a neutron peak just above the knee based on Lloyd-Evans data for Cygnus X-3[21] – the only one of five 1980’s experiments reporting cosmic rays from Cygnus X-3 having appreciable numbers of events in the PeV range – see Table I in ref. [3] for a list.

At a distance of 11.3kpc, Cygnus X-3 is one of the stronger binary X-ray sources in the sky. As a binary having an orbital period of 4.79 h, it might be expected that as the rotation proceeds, for certain rotation phases jets emanating along the rotation axis of one member of the binary might point towards Earth and greatly increase the observed cosmic ray intensity, which is what the Lloyd-Evans data seemed to show – albeit with limited statistics given the small size of their detector array. In other words, the reported signal was seen by selecting events in a particular 10% wide phase window for this binary star, and using as the background spectrum the remaining 90%. Although the number of events in this phase window was only 79, a plot of the data did yield a significant peak such that the two bins straddling 5P eV had 28.4 ± 4.7 excess events (6.0σ) – see Table I. Given the closeness of the 5 PeV bin boundary, and the width of the bins Lloyd-Evans used, it was not possible to confirm whether the observed peak is indeed a very narrow one, as predicted. E (PeV) Obs Exp Diff ± √ Exp 1-3 16 13.9 2.1± 3.7 3-5 34 16.4 17.6± 4.0 5-11 17 6.2 10.8± 2.5 11-18 4 2.4 1.6± 1.6 18-36 3 4.3 −1.3± 2.1 36-72 6 3.4 2.6± 1.8 72-140 2 0.8 1.2± 0.9 >140 0 0.6 −0.6± 0.8

TABLE I: Observed and expected event counts reported by Lloyd-Evans et al.[21] for the phase interval 0.225-0.250. The last column has been added by the authors. The “Expected” counts for each energy interval are based on the average over all phases. Note that in order to select events in a given phase interval it is essential to use a correct Cygnus X-3 ephemeris, given the long observing period.[22]

B. Skeptism about Cygnus X-3 data

The Lloyd-Evans data along with all the other Cygnus X-3 observations from that 1980’s era is now considered highly suspect by many cosmic ray researchers, in light of a subsequent very high statistics negative search in which the CASA-MIA Collaboration reported no nonepisodic signals from Cygnus X-3 or anywhere else.[23] Nevertheless, there are ways the earlier experiments could be correct, since Cygnus X-3 is known to be a highly episodic source, and in fact during strong flares its radio emissions increase a thousandfold, so it is possible that the source might simply have gone quiet during most of the 5-year period CASA-MIA was in operation. An indicator of the realism of this possibility is the data set from the Tibet AS-gamma experiment, in which a strong signal was seen for the period 1997-2001 in a 3^0 circle around Cygnus X-3, but virtually no signal for the subsequent 4-year period.[24] In addition, the negative CASA-MIA experiment probably says nothing about the reality of a 4.5 PeV peak, since the cosmic ray flux for E > 1.17P eV for CASA-MIA was a mere 0.1% of the total and the flux at E = E_{knee} was essentially zero. Moreover, despite the negative CASA-MIA result, other data sets exist for Cygnus X-3 which are consistent with the earlier 1980’s data claiming cosmic rays pointing back to it. In addition to the Tibet AS-gamma experiment, Marshak et al. observed anomalous deep underground muons over a ten year period within 2^0 of Cygnus X-3.[25] The existence of deep underground muons seen in that experiment implied that the primary particles producing them were strongly interacting, and the pointing back to Cygnus X-3, required them to be neutral, i.e. neutrons or some new exotic hadrons. Even the size of a 2^0 circle (significantly more than the experimental resolution) has a ready explanation given the slight loss of directionality of the neutrons implied by the p → n → p → n → p → n → · · · decay chain. As an indication of the importance of selecting periods of high luminosity, the Marshak et al. signal was seen only for those times during which strong radio flares occurred.[25] Unfortunately, in recent years there have been very few periods of major flares from Cygnus X-3 – the last one being in 2006.

III. NEW RESULTS

One experiment (Tunka) for which data is presented here is an International Collaboration that began in the 1990’s that measures extensive air showers (EAS).[1] The other experiment that collected the data presented here is the EAS (Extensive Air Shower) array at Moscow State University (MSU).[2] The conclusions presented here do not necessarily reflect those of members of either the Tunka collaboration or the EAS-MSU experiment.

Situated in Siberia close to Lake Baikal, the Tunka array as of 2011 now comprises 133 Cherenkov detectors spread over an area of 1km^2. As of 2013 Tunka has collected 1.89 million events, it has good energy sensitivity near the knee. Its energy sensitivity is believed to be better than about 15%. The EAS array was designed to study EAS corresponding to primary cosmic rays with energies E = 1 − 1000P eV, and particularly the muon component of such showers. EAS has a mean energy of the showers it has recorded is 3 PeV, quite close to the spectrum knee. The array has a ground-based component part of which consists of Geiger counters placed at 77 detection points and covers an area approximately 0.5km^2. The energy of the muons detected by the Geiger Counters is measured using a magnetic spectrometer, and their direction determination is good to ≈ 5.6 × 10^{−4}rad. The location of the spectrometer underground permits complete suppression of the electron-photon component of the incident cosmic rays. EAS-MSU started operating in 1979, and now has collected a total of 512,000 events. Determination of cosmic ray energy in the EAS-MSU experiment is believed to be good to about 20%.

In order to look for a peak at 4.5P eV associated with a possible source the standard method used to identify point sources in gamma ray astronomy is used via an on-source offsource comparison, even though here evidence is sought for a neutron peak. Let us define n_i(θ_1, θ_2) as the observed number of counts in the ith energy bin E_i to E_i + ΔE that fall inside a ring centered on a candidate source between angles θ_1 and θ_2. For the on-source signal a circle radius of 3^0 is used – a choice roughly consistent with three other experiments reporting PeV cosmic rays from Cygnus X-3 or The Crab Nebula[24–26]. More importantly, the choice of 3^0 reflects the fact that the hypothesized decay chain p → n → p → n → · · · requires some nonnegligible (but unknown) spread in the directions of arriving neutrons. The off-source signal is based on other regions of the sky in the vicinity of the candidate source, and for this we choose a ring defined by θ_1 = 3^0 and θ_2 = θ_2 = 5^0, centered on the source, which contains n_{OF F,i} = n_i(3^0, 5^0) counts.

To find the significance of an observed excess counts above background for the ith energy bin arising from a background fluctuation we use Eq. 3 in Li-Ma[28]:

S_i = n_{ON,i} − αn_{OF F,i} √ α(n_{ON,i} + n_{OF F,i} (2) where α, the expected ratio of on-source to off-source counts in the absence of any real source is found from the ratio of the areas of the 3^0 circle and the 5^0 ring. We then scan the entire sky in 1^0 steps in RA and declination δ, and calculate S_i at each point. A histogram of the number of times various positive and negative S_i values are found in the all-sky scan is displayed in Fig. 1(a) (top) for the energy bin centered on LogE(P eV ) = 0.667(E =

4.5P eV ). As can be seen the data is fit well by a Gaussian of σ = 1 as predicted by Li-Ma in the absence of any sources,[28] with the exception of one anomalous point at S = 4.4σ. If this point were not a background fluctuation, it would correspond to a possible source location at δ = 45^0 and RA = 220^0, which does not correspond to the location of any known supernova remnants or other candidate sources. Moreover, more to the point, it does not show up in the fourfold more numerous Tunka data, as being statistically significant.

The data for the Tunka experiment is shown in Fig. 1(b). Since that data is about four times as numerous as that for MSU, we are able to use the “shuffling method” to calculate background, rather than using a 5^0 ring.[29] We have also used three circle sizes of 1.5^0, 3.0^0, and 4.5^0 in searching for possible sources, and non-overlapping circles are used. As can be seen in Fig. 1(b), the data agree well with the expected Gaussian except for S > +3, where a significant departure is seen. Most interestingly, this departure is seen only for the energy bin containing E = 4.5P eV , and not energies slightly higher or lower. As one indicator of the asymmetry, while there are 117 cases for S > +3σ, and 15 cases where S > +4σ, there are only 64 cases where S < −3σ and no cases where S < −4σ, with the S < 0 half of the distribution being in excellent agreement with the Gaussian distribution having σ = 1.

Given the over-sampling of the same regions of the sky when using three different size circles at each point, it is not surprising that the 117 cases where S > +3σ lie at only 37 separate regions (see Fig. 2 (a)) with 8 of those locations being especially heavily represented. There appears to be no connection between any of these regions of the sky with the location of the plane of the galaxy, nor with any suspected cosmic ray source locations. In contrast to Fig. 2 (a), Fig. 2 (b) shows the regions of the sky where S < −3σ cases (deficits) are found. As already noted, these are far less numerous, and they have no relation to the locations where S > +3σ excesses are found.

IV. THE CRAB NEBULA

Let us now consider possible evidence for a 4.5P eV peak associated with some particular suspected sources, most especially the Crab Nebula. The Crab Nebula, a supernova remnant, is the strongest X-ray and gamma ray source in the sky. In recent years it has been observed to emit gamma rays with energies E > 10T eV, and greatly increase its luminosity during short periods. There has even been a reported 5-hour long flare from 1989 where 57 neutral

FIG. 1: Numbers of 3^0 regions centered on 1^0 grid points in an all sky survey showing various levels of statistical significance above background (in σ) using a Li-Ma criterion for the energy interval LogE(P eV ) = 0.5 − 0.7, that contains E = 4.5P eV. (a) is for the MSU experiment and (b) is for the Tunka experiment for which a “shuffling” method of background estimation was used.

particles having PeV energies and travelling along directions within 2.5^0 from the Crab were recorded.[26] As in the case of the 1980’s observations of Cygnus X-3, these neutrals produced abundant muons in the atmosphere, which shows they are hadrons. Thus, the Crab and Cygnus X-3 share all these characteristics: (a) being among the most luminous sources in the galaxy, especially during major flare periods, (b) being possible episodic sources of PeV neutral cosmic rays, which (c) are probably neutral hadrons, and (d) lie in a wider directional circle than the instrumental resolution. Moreover, a powerful cosmic ray accelerator in the form of a doughnut-shaped magnetic field has been identified at the center of the Crab.[27] Thus, if the claimed 4.5P eV peak is genuine, the Crab might be a particularly promising

FIG. 2: Locations in the sky (RA and declination), where (a) S > +3σ and (b) S < −3σ excesses are found for the energy bin centered on E = 4.5P eV . The sizes of the circles indicate whether the excess or deficit is for 1.5^0, 3.0^0 or 4.5^0 circles, and filled black circles show cases where |S| > 4σ. There are no cases of S < −4σ in (b) even though several regions may appear that way due to close overlapping open circles.

place to see it, especially since it is one fifth the distance of Cygnus X-3, and gamma flares and giant radio pulses have been detected from the Crab in the past few years. In Fig. 3 we show a histogram of the events within 3^0 of the Crab for (a) the MSU data, and (b) the Tunka data, where the background (curve and open circles) is based on data for a 10^0 ring centered on the Crab minus the central 3^0, whose normalization is adjusted to give the best least squares fit to the data for points other than the 4.5P eV bin. Using the Li-Ma criterion, the excess for that bin is S = 3.0σ, for MSU data, but only S = 1.5σ for Tunka.

The lower statistical significance for the four times as numerous data set suggests this may be a statistical fluctuation, although other explanations are also possible.

FIG. 3: Number of events within 3^0 of the Crab Nebula versus the energy in PeV. The background is based on data for a 10^0 ring centered on the Crab minus the central 5^0, and the background normalization is adjusted to give the best least squares fit to the data for points other than the 4.5P eV bin. In summary, possible evidence for a 4.5P eV peak has been presented for cosmic rays within a few degrees of candidate sources. Moreover, this new evidence has come

1. after a peak at that same energy was reported much earlier for Cygnus X-3 2. after having been previously predicted at this energy in 1999;

3. after reasons have been cited why other searches for cosmic rays from Cygnus X-3 were negative, and hence do not conflict with our result.

Aside from sounding preposterous, one reason this 4.5P eV peak has not been claimed by others (if it is real) is that most experimenters who saw no statistically significant excess of cosmic rays from the direction of a candidate source probably would have little reason to look at particular energy bands for those events, which is how the signal was seen in our case.

V. ALTERNATIVE EXPLANATIONS FOR THE PEAK

Of course, given the extraordinary nature of our claim and the possibility of a statistical fluctuation, this peak will need to be seen in other experiments before it could be accepted as genuine. If the peak is real, what does its existence say about the prior assumption that m^2_{ν,e} = −0.25eV^2? We recognize that just because an m^2 ≈ −0.25eV^2 neutrino predicts a 4.5P eV neutron peak in the cosmic rays, it is not certain that the converse holds. There is in fact an alternative hypothesis that could conceivably explain the 4.5P eV peak not involving tachyonic neutrinos that was advanced by Wigmans in 2003 to fit the same cosmic ray spectrum features noted in section II.[30] Wigmans suggested that the electron neutrino was a tardyon with mass m^2 ≈ +0.25eV^2, and he explained the observed cosmic ray spectral features, including the two knees, by the inelastic scattering of cosmic ray particles off of halos of neutrinos and antineutrinos concentrated around massive black holes. Thus, according to Wigmans, the first knee occurs at the threshold for the inverse beta decay, which causes the increasing depletion of protons with rising E for E > E_{knee}. In fact, the kinematics for p → ne^+ν_e is very similar to that of inverse beta decay (pν̄_e → ne^+), and the two processes have identical thresholds. Although Wigmans didn’t mention a prediction of a 4.5P eV neutron peak in his analysis, his hypothesis might seem to require one. The Wigmans hypothesis has considerable appeal, and may strike readers as more plausible than “unphysical” tachyonic neutrinos. However, it has a number of very serious problems:

1. Insufficient neutrino density The density of neutrinos surrounding black holes has not been shown to be sufficient for a significant fraction of protons with energies above the knee to interact with resulting in the knee.

2. No chain: p → n → p → n · · · For this chain to occur under the Wigmans scenario protons would need to interact with neutrinos multiple times en route (after they have left the neutrino halo around a massive black hole). Since this is not possible given the low neutrino density outside the halo a 4.5 PeV neutron peak would not result.

3. Lack of association with likely sources High energy cosmic rays are believed to be associated with SNR’s and PSR’s as their sources, which would not have neutrino halos.

4. Conflict with cosmological upper bound on Σm_ν A recent upper limit on Σm_ν < 0.28eV [31] conflicts with the notion of an electron neutrino having m^2_ν = +0.25eV^2. This is not the case for a tachyonic electron neutrino having m^2_ν = −0.25eV^2 since tachyonic neutrinos would not cause matter to “clump.”

Even if the 4.5P eV peak is confirmed by others, it would still be desirable to have a direct measurement of the sign of m^2_{νe} before concluding that m^2_ν = −0.25eV^2. This question could be resolved definitively if the expected sensitivity of the forthcoming KATRIN experiment is achieved.[32]

Acknowledgments

I am grateful to Alan Chodos and Robert W. Ellsworth for reading a preliminary version and making several helpful suggestions. I also thank the Tunka Collaboration m^2_ν = −0.25eV^2 and the EAS MSU experiment (especially Mikhail Zotov) for allowing me to make use of their data, and for assisting in its analysis.

[1] N. M. Budnev et al., The Tunka Collaboration, Proc. of the 29th International Cosmic Ray Conference, Pune, India, 00, 101 (2005) [2] S. N. Vernov et al., Proc. of the 16th International Cosmic Ray Conference, Tokyo, 8, 129 (1979).

[3] R. Ehrlich, Phys. Rev. D, 60, 73005 (1999). [4] R. Ehrlich, Phys. Rev. D, 60, 17302 (1999).

[5] A. Chodos, V. A. Kostelecky, R. Potting and E. Gates, Mod. Phys. Lett. A7, 467 (1992). [6] A. Chodos and A. Kostelecky, Phys. Lett. B336, 295 (1994). [7] A. Chodos, arXiv:1206.5974 (2012).

[8] U. D. Jentschura, and B. J. Wundt, The Eur. Phys. J. C, 72, 1894 (2012). [9] U. D. Jentschura, and B. J. Wundt, arXiv:1205.0521 (2012). [10] J. Ciborowski, and J. Rembielinski, Eur. Phys. J. C8, 157 (1999). [11] M. J. Radzikowski, arXiv:1007.5418 (2010). [12] E. Recami, Rivista Nuovo Cim., 9 (6) 1 (1986). [13] R. Ehrlich, Astropart. Phys., 35, 625 (2012). [14] R. Ehrlich, Astropart. Phys., 41, 1 (2013).

[15] OPERA Collaboration, T. Adam et. al., arXiv:1109.4897 (2011). [16] V. M. Lobashev et al.(1999) Phys Lett B, 460 227 (1999).

[17] J. Beringer, et al. (Particle Data Group), Phys. Rev. D, 86, 010001, (2012) http://pdg.lbl.gov [18] G. Feinberg, Phys. Rev., 159 (5), 10891105 (1967) [19] A. D. Erlykin, and A. W. Wolfendale, http://arxiv.org/abs/1303.2889 (2013) [20] M. Aglietta, The EAS-TOP Collaboration, Phys Lett B 337 376 (1994) [21] J. Lloyd-Evans et al., Nature 305, 784 (1983).

[22] M. A. van der Klis, and J. M. Bonnet-Bidaud, Astron. and Astrophys., 214 (1-2) 203, (1989). [23] A. Borione et al., Phys. Rev. D, 55 1714 (1997). [24] A. A. Abdo, et al., Science, 331, 739 (2011).

[25] M. L. Marshak, et al., 1985, Phys. Rev. Lett., 54, 2079; M. L. Marshak, ICHEP 2000. [26] R. S. Acharya, et al., Nature, 347, 364 (1990). [27] A. Celotti, Science, 321, 1164 (2008). [28] T. Li and Y. Ma, Ap. J., 272, 317 (1983). [29] A. A. Abdo, et al., Ap. J. 750 63 (2012). [30] R. Wigmans, Astropart. Phys., 19, 379 (2003).

[31] S. A. Thomas, F. B. Abdalla, and O. Lahav, Phys. Rev. Lett. 105, 031301 (2010) [32] F. M. Frankle, Proc. of the DPF-2011 Conference, Providence, RI, August 8-13 (2011).