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Abstract. We argue that non-supersymmet8€(10) models based on a renormalizable Higgs sector in which apentis
symmetry breaking is triggered by the VEVs of a 45-dimenai@djoint and a 126-dimensional tensor representations ca
provide a potentially realistic yet relatively simple framork for a future robust estimate of the proton lifetimellé&wing
closely the work [1] we comment on the gauge unification aaists on theB — L breaking scale and show that there are
several regions in the E)arameter space of the minimal moteftevthe seesaw scale in the phenomenologically favoured
ballpark of around 114 GeV is consistently supported.
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INTRODUCTION

Though the Grand Unification paradigm is around for almost fdecades [2, 3] it still attracts a lot of attention
across the high-energy-physics community. Unlike maneo#xtensions of the Standard Model (SM) featuring
extra symmetries (global or local), Grand Unified Theori@édTs) tell us implicitly something about the typical
scale the extended gauge symmetry suclsd&s) or SO(10) is spontaneously broken and, at the same time, the
underlying gauge dynamics always leaves its imprints atdoergies. The most prominent of these are namely the
heavy topologically stable monopoles created at the GUE@lr@nsition in the early Universe and the baryon and
lepton number non-conservation associated to the gaug¥ud@iva interactions among quarks and leptons sharing
irreducible representations of the GUT gauge group.

Although it may be fundamentally difficult to get a grip on t8&&T monopoles that could have been extremely
diluted during the inflationary period, baryon and leptominer violating processes such as the proton decay, neutron-
antineutron oscillations, neutrinoless double beta detaycan be within reach of upcoming facilities. In partamul
proton instability - if observed - would provide a smokingrgsignal of Grand Unificationand as such it has been
searched for for decades by many dedicated experimentsagthese, the best sensitivity is provided by large-volume
water Cerenkov detectors (such as, e.g., IMB, Kamiokande, Siiperiokande) where the proton decay searches
naturally support neutrino physics activities. It is algely that in the near future these “classical’ experimenits
be further complemented by large liquid argon detectos @LACIER, LArTPC) whose tracking properties and, in
particular, a very good particle discrimination potentedn improve substantially the existing proton lifetinmaitis,
especially for the decay modes with Kaons in the final stagacRing a mega-ton scale (as assumed in the recent
proposals such as Hyper-Kamiokande) is, however, a costirgrise; a robust proton lifetime prediction including,
optimally, branching fractions into at least the leadingde®at a factor-of-few level of precision is vital to make a
real physics case.

From the theory point of view, reaching such a high level afuaacy within a specific GUT is often an enormous
challenge. This has to do namely with the fact that, unlile dhuge structure dictated solely by the shape of the
relevant gauge group the form of the Higgs sector is not ddrivom first principles and as such it is mainly subject
to experimental (and often also aesthetic) constrainteeSiat the same time, it supplies the key ingredients ewteri
the proton lifetime calculation, namely, the symmetry lkieg pattern constraining the position of the GUT scale

1 Presenting author.
2 Barring few exceptions like e.g. R-parity violating supemsnetry etc.



and the Yukawa interactions governing the flavour struotfitbe relevant Feynman diagrams, it becomes one of the
central issues of the whole GUT programme. In that respeetgtiality of any such prediction is strongly correlated
with the “simplicity” of a given GUT model; on the other harmjersimplified settings are often trivially incompatible
with the existing electroweak and flavour data. Remarkabbugh, the borderline between “trivially wrong” and “too
complicated to be predictive” models is rather thin andehame only several settings which historically qualified as
“truly minimal” GUTSs.

Minimal SU(5) models. Concerning the basiBU(5) GUTS, neither the original Georgi-Glashow scenario [2] nor
its minimally supersymmetrized version provides such ainméh setting; while the former does not give the right
weak mixing angle the latter generally predicts an overst ta= 5 proton decay [4} Moreover, both fail on the
flavour side as they do not accommodate massive neutrin@seTdre several ways out advocated in the existing
literature: Giving up renormalizability the proton lifete in the minimal supersymmetr&J(5) can be, at least in
principle, prolonged to acceptable values [6, 7]. On a sinfiboting, one can, e.g., add extra Higgs representations
such as 1h or 454 and/or extra matter fields such ag2uh attempt to make the flavour structure of the model more
realistic (giving masses to neutrinos and, at the same imearing the notorious down-quark and charged-lepton
mass degeneracy). At the same time, accidentally lightiphets can restore the gauge coupling unification even in
the non-supersymmetric scenario. For more detail, andated reader is deferred namely to the original works [8, 9]
and references therein. Unfortunately, these models ictipesstill rely on a certain (though limited) set of effewti
operators so their predictive power is not very clear. Thughat follows, we shall stick to renormalizable GUTSs.

Minimal SQ10) models. From the group theory point of view, the minimal Higgs settivat can, at least in
principle, lead to a full breakdown of the GUT to the SM gaugesetry contains the rank-preserving adjoint
representation 4psupplemented by a rank-reducing complex representatipitally, 164 or 1264. Unfortunately,
this simple setting does not seem to work well in practiceshswn in [11, 12, 13, 14] the vacuum stability of the
454 + 164 /1264 Higgs models requires a nea)(5)-like arrangement of the 46VEVSs, in obvious conflict with the
generic shape of the bas€)(10) gauge unification patterns [15, 16, 17].

Similarly, in supersymmetry, extra constraints frém and D-flatness aligh the pair of VEVs in 45 along the
SU(5)-preserving direction of the 1§/126, VEVs [19]. Hence, the minimal renormalizable SUSY SO(10)TGU
model [20, 21] made use of a four-index antisymmetric ter&ldly instead of 45. Moreover, 219 provided a
renormalizable coupling between 32&nd 1@ (the minimal set of Higgses that can support a potentiallyistc
flavour structure in renormalizab®0(10) GUTs) which is necessary for a correct “distribution” of #lectroweak
VEV among the two multiplets. Though this setting was susftésn accommodating all the flavour data and even
provided an interesting argument in favour of a relativalge leptonic 1-3 mixing angle (which typically fell within
the range reported by the recent first direct measuremeniohbple-Chooz [22], Daya-Bay [23] and RENO [24]),
the “minimal SUSY GUT"” did not pass the full consistency $ef25, 26] revealing a strong tension between
phenomenological bounds on the absolute neutrino masdab@gauge unification and proton decay constraints.

Quantum salvation of the minimal non-supersymmetri¢19PHiggs model. Remarkably enough, the above
mentioned fatal vacuum instability emerging in the nonesspmmetric 4g + 164 /1264 SO(10) Higgs model have
been recently [27] shown to be a mere artefact of the tregl-tnalysis used in [11, 12, 13, 14] and there turns out to
be no such a no-go at the level of the full one-loop effectiveeptial. In particular, it has been shown that there exist
stable vacua that can support two vastly different VEVs efdldjoint 4% that avoids the need to pass through the
problematic intermediat8U(5) stage.

The persistent absolute neutrino mass scale issurespite of this success there still remains a certain degfee
tension between the absolute neutrino mass scale and tge gaupling unification in the model under consideration.
Indeed, the general gauge unification studies [15, 16, 1g§est that the scale of the right-handed neutrino masses
(which in the renormalizable settings with 126orresponds — up to the relevant Yukawa couplings — taBthel
symmetry breaking scale) does not exceed roughhk? GeV. This, however, points to light neutrino masses well
above the bounds imposed by cosmology and neutrinolessadbeba decay.

3 For a recent attempt to save the minimal SUSY(5) see, e.g., [5].
4 For an alternative approach exploiting a single 144-dirivera representation for the entig€(10) — SM symmetry breaking see e.g.[10].
5 For an interesting exception see, e.g., the minimal fligpe(lL0) scenario advocated in [18].



Reconciling the absolute neutrino mass scale with gaugéation constraints. An obvious way out may consist
in tuning the entire neutrino Dirac Yukawa matrix down byesal orders of magnitude. However, this would amount
to a number of additional constraints on the flavour strectfrthe theory which is already rather rigid due to its
SQ(10) nature. Alternatively [1], one can attempt to push Bie L breaking scale up to the required'#t'* GeV
domain by “populating” the desert by a suitable multipletich can take over the role of a “non-SUSY running
helper” and, thus, lift the usual constraints the gauge eatifin studies [15, 16, 17] imposed on Be L sector (i.e.,
on theB — L-breaking Higgs multiplet and the relevant gauge bosonis iBtthe scenario we shall focus on here.

CONSISTENT GAUGE UNIFICATION IN THE 454+ 1264 SQ(10) HIGGS MODEL

In a full theory, pushing a chosen multiplet away from itsunal’ scale does not need to be entirely trivial. Indeed,
the entire scalar spectrum is driven by a limited number odipeters that must conspire in order to pull the desired
multiplet's mass down to the GUT desert. This, however, ¢dit the vacuum of the theory out of the stability region
and/or lower the GUT scale below the limits implied by thetprolifetime. Moreover, it is not a-priori clear which of
the numerous SM sub-multiplets of 45- 1264 (see, e.g., [1]) would be most suitable for such a task. kgthction

we summarize the dedicated analysis of this problem peddrim [1] and comment further on the prospects of a
potentially realistic and predictiv@((10) GUT based on the Higgs sector under consideration.

The renormalizable 454 + 1264 SQ(10) Higgs model

Adopting the notation and conventions of [1] the scalar pt&of the renormalizable 45+1280(10) Higgs model
can be written a¥ = V454 V126+ Vmix Where
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is the maximal set of linearly independent renormalizatigiiants one can construct out of the componegjtsf

the adjoint representation and the compon&is, of the self-dual part of the fully antisymmetric five-indensor
of SQ(10). The scalar spectrum resulting from the minimizatioWa$ given in Appendix B of [1].

Parameter counting. The scalar potential (1) is driven in total by 14 real pararetnd 2 phases. Let us also
recall that there are three SM singlet VEVs residing in(thd, 1,0) and(1,1,3,0) sub-multiplets of 45 and in the

6 Since we consider only models with a minimal and chiral matbetents such a multiplet must be supplied by the scalaosetthe theory.
7 By “natural” we mean the typical scale at which the multiglehass is expected according to the “minimal survival higpsis” [28].



(1,1,3,4+2) component of 126 where the quantum numbers correspond tdA3bE3). x SU(2). x SU(2)rx U (1)g_L
subgroup 0fSQ(10). The minimization conditions constrain three combinagiohthe parameters above (we choose
u, v andap). Since, howeven) does not enter the scalar masses at all anehters only asy|? one is in general
left with just 10 real numbers parametrizing the scalar spe@. Finally, an attempt to reconcile the seesaw scale
with the light neutrino mass limits by pushing one extra acaito the desert amounts to one (and only one!) more
fine-tuning, so for each choice of the three VEVs constramedauge unification and proton decay, one is left with
only 9 independent real parameters, cf. TABLE 1.

Predictivity prospects. In connection to this, let us recall that the predictive ppafethe minimal SUSYSQ(10)
was related mainly the fact that its SM vacuum manifold wasipetrized by only two real numbers [29]. In this
respect, the minimal non-SUS8Q(10) scenario seems to be in a much worse shape. Neverthelesstaither
premature to claim that the model is free of any interestimyrabust low-energy predictions. Indeed, itis clear tiwat n
all configurations of the 9 independent parameters correspstable vacua of the thedryhus, the real predictive
power of the model under consideration remains unclear hadld be studied in detail in convolution with all the
other available phenomenology constraints (i.e., flavtuicture, proton lifetime, Big-Bang nucleosynthesis)this
respect one should also not forget about the need for an &8trén the Higgs sector in order to make the Yukawa
structure potentially realistic. Nevertheless, sincg t@des not participate at the high-scale symmetry breakiag th
vacuum stability considerations remain unaffected.

However, such a complete analysis, though highly desiratds beyond the scope of the study [1] and will be
elaborated elsewhere. Here we shall focus solely on thestiegtin the desired direction, i.e., on the identification
of the settings in which the seesaw scale falls into the1%0 GeV ballpark and, hence, provides the best chance to
accommodate the light neutrino masses within the relevapgrénental limits.

Basic consistency constraints

Non-tachyonic scalar spectrum & radiative correctiondn doing so, one has to address the question of the
radiative stabilization of the physically interesting uacof the current model. Unlike in the 45 164 case that
has been worked out in great detail in reference [27], tHdlrdiged calculation of the one-loop effective potentsal i
very difficult with 454 4+ 1264 in the Higgs sector due to the higher number and complexitheX-invariants in the
tree-level potential above.

Nevertheless, as it was argued in [1] it is (at least for theetbeing) sufficient to focus at the most universal
scalar one-loop correction, namely, at the leading nomitigmic SQ(10)-invariantt? term which can be evaluated
by a simple diagrammatic calculation. Indeed, as it yieldsositive correction to all scalar masses, it should be
enough to regularize the key tachyonic instabilities ofttee-level spectruf, c.f. [27]. It is not difficult to see that
such leading scalar-loop induced non-logarithmic coiastcome from tadpole type of diagrams and thatithe
proportional non-logarithmic term emerges only throughtdnormalization of the stationary conditions for the 45
VEVs. Diagrammatically, they correspond to the one-loopexion to the one-point function of 45f the form

o 126
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where the “higher order terms” denote diagrams with highenlper of VEV insertions (via the-vertex). Given the
SQ(10) structure of the relevarttterm in (1) the universal mass shift due to this class of lgsapads
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where the symbol “logs” denotes all the logarithmic corits that are minimized at the GUT scale.

8 For further details see the discussion in [1]. Note, fordnsg, that Ar@y) should in general pop up in the diagonalization matrices.

9 Actually, a homogeneous random scan over the parametee spaeals that, in most cases, they do not. In this respeztexpectation that
vacuum stability can play a decisive role in the predictiogver of the current setting is not entirely unsupported.

10 As in [27] we expect the other leading non-logarithmic cofias to be positive and, hence, including just 8&10) invariant piece can be
viewed as a minimal way to stabilize the tachyons.



Proton decay and Big Bang nucleosynthesigvithout a detailed information about the flavour structufeao
specific model the best one can do aboutdhe6 proton decay limits is to focus on the “universal’ gaugasiions
parametrized (in the current basis) by the unified gaugelo@ypnd the GUT breaking scaMg and assumé&(1)
entries of the unitary matrices corresponding to the rotatifrom the current to the mass bases; in such a case the
position of the gauge unification point translates diretlyhe proton lifetime. For that, we shall impose namely the
latest (2011) Super-Kamiokande limit [30]:

(p— et TIO)SK,ZOH > 8.2 x 1033years (5)

and, for sake of illustration, a couple of assumed futuresisigity limits that Hyper-Kamiokande (HK) [31] should
reach by 2025 and 2040:

7(p — €' 1)k 2025 > 9 x 10%%years T(p — €' %)k 2040 > 2 x 10%years (6)

On the Big Bang nucleosynthesis (BBN) side, we require thgtaccidentally light scalar coupled to the SM matter
decays well before the BBN phase of the early Universe eialuh order to prevent any distortion of the successful
standard BBN picture [30]. We do not expect any trouble hewahbse all the candidate multiplets identified in [1]
come from 126 whose renormalizable Yukawa coupling to the SM matter asaraed to be non-negligible.

Gauge unification with an accidentally light scalar mulgplin the desert. Last, but not least, we require that
the heavy scalar spectrum governed by the 9 parametersfig@ratbove (see also TABLE 1) is such that the SM
gauge couplings properly unify at high energies and thatGhA-scale gauge spectrum (driven by the dominant
SQ(10)-breaking VEV and the relevant gauge coupling) is compatiith the current proton-lifetime constraint (5).
Technically, it is convenient to work with the three effgetiSM gauge couplings rather than redefine the set of gauge
parameters whenever a restoration of a higher intermedaige symmetry is encountered in the gauge and scalar
spectra (i.e, whenever the relevant VEV is surpassed).

One should also note that the results obtained in [1] areestibp several sources of theoretical uncertainties. In
particular, given the need for a radiative stabilizatiothaftree-level tachyons, a full-fledged two-loop renorestion
group analysis is highly desirable. In this respect, thelone running performed in [1] should be interpreted as an
indication of viability rather than a full-fledged analysievertheless, even such a simplified picture should accoun
for all the qualitative features of the full two-loop appebaand, as such, it can be viewed as a good first approximation.
For a more detailed discussion an interested reader isrddfr the original work [1].

Upper bounds on the seesaw scale in the minim&Q(10) Higgs model revisited

With an extra light multiplet pulled into the desert the geneipper bounds on thB — L breaking scaléMg,
obtained in [17] under the minimal survival hypothesis amalified substantially. There are two qualitatively diffiere
regions of the parameter space identified in [1] wHégge can be pushed up to the favourable level of*td* GeV
and, at the same time, vacuum stability and a full compdiihilith namely the proton decay and BBN constraints is
maintained. In one case, a ligt€, 3, +%) pulled down to about 78 GeV reshapes the gauge unification pattern so
that theB — L scale as high as 1#6GeV becomes easily accessible. In the other case, a lighiptetitransforming
as (8, 2,+%) of the SM in the lower part of the GUT desert (i.e., below? I8eV) provides enough room for the
B — L scale to be shifted up to about*#dGeV. Specific numerical examples of these two basic setanggjiven in
TABLE 1, the relevant scalar spectra are listed in TABLE 2 #m@lresulting gauge unification patterns are depicted
in FIGUREs 1 and 2.

CONCLUSIONS AND OUTLOOK

The non-supersymmetri8Q(10) Higgs model with the 45- and 126-dimensional multipletspoessible for the
breaking of the GUT-scale gauge symmetry down to the SM ggrmep has been widely ignored for several decades
due to a generic tree-level vacuum stability issue encoedteithin all potentially realistic gauge unification ptts.
With the recent observation that radiative correctionsresmolve this problem the idea that a renormalizable model
based on this setting can account for a calculable and paltgrrealistic SO(10) GUT was put forward in [1]. In
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FIGURE 1. Unification of the effective SM gauge couplings in the sanggiting with a light(6, 3, +%) multiplet (here at around
5.6 x 10t GeV, cf. TABLE 1) with the shaded area magnified in the righiglaThe small circles indicate the positions of various
thresholds (for details, see TABLE 2) inflicting changeshe three curve’s slopes. The almost-vertical solid and ethdines

correspond to the current Super-Kamiokande and assume fiityper-Kamiokande proton lifetime limits (5), (6). Thettkd
vertical line indicates the position of tiB— L breaking scale at about ¥bGeV.

60 (8. 2, 4L 50 1

50
45
40

102 3w YIS
0b0T ‘570 sy H~adAH

30

20 +

1107 3 IS

35 -

30 L

104 106
1[GeV]

102 104 106 108 1010 1012 o 102 103 164 101

FIGURE 2. The same as in FIGURE 1 but this time for a qu&2,+%) at around 2 x 10* GeV. TheB — L breaking scale

indicated by the dotted vertical line is again shifted frdme naive upper bound [17] (at around!2G5eV) to the vicinity of
10" GeV. The masses of the relevant GUT- and intermediate-tuasholds are listed in TABLE 2.

this article we summarized all the basic ingredients of tleeleh paying particular attention to the vacuum stability,
gauge unification and proton lifetime constraints and comtet in brief on the prospects of a future complete
analysis including flavour. In particular, it was shown thiare is enough room for B— L breaking scale as high
as 16314 GeV, right in the region favoured by the seesaw picture ofiagtrino mass generation.

Nevertheless, at the current level, the study [1] shouldakent only as a promising indication of viability rather
than a complete feasibility check of the framework undesideration. Indeed, besides a full-fledged two-loop gauge
unification analysis (which, in principle, requires a fuliesloop information about the scalar spectrum of the thgory

such an ultimate test requires namely a thorough inspeofitime proton decay constraints which, however, can not
be done without a detailed flavour sector analysis.
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TABLE 2. The scalar spectra corresponding to the gauge unificatitiarpa depicted in FIGURES 1 and 2. In the
“type” column the type of the multiplet is encoded as folloW8S"=complex scalar, “RS"=real scalar, “GB"=Goldstone
boson, “VB"=vector boson. In thab32! column the change of the slope of the three effective gaugplicws (i.e., the
correspondingr —1 parameters) are given for each of the thresholds. The smieesponding to the accidentally light
scalar multiplets (in first rows) and the gauge bosons aatastio the GUT-scale symmetry breaking are in boldface.
TheAb32%indicates the change in the slopes of the three curves in R and 2 upon surpassing each of the relevant
energy scales. For further details see [1].

multiplet | type | Ab321 | mass [GeV] multiplet | type | Ab321 | mass [GeV]
63+3) | cs (5,4.2) 5.6x 1011 ®2+3) | cs (2.3,3) 23x10°
(1,1,-1) | VB (0,0,—4) 1.3x 104 (31-% | vB (—¥.0-1) 2.8x 1013
(1,1,+1) | VB (0,0,—4) 1.3x 10 (31,+%) | vB (-¥,0-1) 2.8x10'3
(1,1,+1) | GB (0,0,1) 1.3x 10" (31-%) | GB (3.0, 1&) 2.8x10'3
(1,1,0) | VB (0,0,0) 2.8x 1014 (1,1,0) | VB (0,0,0) 6.1x 1013
(1,1,00 | GB (0,0,0) 2.8x 1014 (1,1,00 | GB (0,0,0) 6.1x 1013
(8,1,00 | RS (3,0,0) 7.7x 1014 (32+%) | Cs (3.3.9) 2.6x 1014
(32+%) | cs 3.3, 1.1x 1015 (32+%) | cs 3.3.%) 2.8x 1014
(32+%) | cs 3.3.% 1.2x 10% (1,2,+%) | RS 0,4, %) 3.3x 10"
(1,1,0) RS (0,0,0) 4.3x 101 (1,1,0) RS (0,0,0) 2.2x 1015
(1,1,42) | CS (0,0, 2) 45x 1015 (3,1,-3%) | cs (.0, &) 2.3x 1015
B2-3) | vB | (%, -3 | 52x10'° (6,3,+3) | CS (3.4,2) 2.3x 1015
(3243 | vB | (-%,-4, -3 | 52x10'® (33-3) | cs (3.2,%) 2.3x 1015
(3.2+1) | B (1,1, %) 5.2 x 1015 (1,3,-1) | CS 0,2,2) 2.3x 105
B2+3) | vB | (-%,-1,-2) | 52x10'° (®1,-4) | cs (2,0, 3.2x 101
(32-3) | vB | (-%,-1,-) | 52x10'° (1,1,0) | RS (0,0,0) 3.3x 10
(32,-2) | GB 3.3.2 5.2x 10'° (8,1,0) | RS (1,0,0) 4.6x 1015
(1,1,+1) | CS (0,0, 1) 5.6 x 10%° (1,300 | RS (0,1,0) 6.1x 10'°
(1,1,00 | RS (0,0,0) 5.7 x 10%° (B2+3) | vB | (-%,-1 -2 | 87x10'®
(1,300 | RS (0,1,0) 6.1x 10'° (32-3) | vB | (-%,-1 %) | 87x10'®
(3.1+3) | cs (2.0, 1) 6.4x 10'° (32,-2) | GB 3.3.2 8.7 x 10%°
(82+3) | cs (2.%.2) 9.3x 1015 (B2-%) | vB | (-, -y | 87x10'®
(31+%3) | cs (3,01 9.6 x 1015 32+ | vB | (-4, -4 -1y | 87x10'°
(31+3) | cs (3,0, %) 9.6 x 1015 (3.2+%) | GB .14 8.7 x 1015
(31-%) | cs (3.0, 18) 9.6 x 10'° (31+3) | cs (3.0,4%) 1.1x 10
(31-%) | vB (-¥,0-1) 1.0x 106 (3.1+3) | cs (3.0,4%) 1.2x 106
(31,+%) | vB (-¥,0-1) 1.0x 106 (1,1,+1) | CS (0,0, 1) 1.6 x 106
(31,-%) | GB (3.0, 18) 1.0x 106 (31+3) | cs (3.0,4) 1.6 x 106
(82,+31) | cs (2,3.2) 1.1x 106 (61,-%) | cs (2,0, %) 1.6 x 106
(6,1,+3) | CS 2.0, 8&) 1.5x 106 (32+%) | Cs 3.3 1.7 x 106
(L.2,+3) | RS (0,35, %) 1.5x 10% (L,2,+3) | RS (0,35, %) 1.7 x 10%
(61,-%) | cs (2,0, %) 1.5x 106 (82,+3) | cs (2,3.2) 1.7 x 106
(6,1,-3) | CS (2.0,32) 1.5x 106 (32+3) | Cs (3.3, %) 1.7 x 106
(L.2,+3) | RS (0,35, %) 1.6 x 10%6 (1,1,-1) | VB (0,0,—4) 1.7 x 10%
(3,1+3) | cs (3,0, &) 1.7 x 106 (1,1,41) | VB (0,0, 1.7 x 106
33-1) | cs .21 1.8x 106 (1,1,+1) | GB (0,0,%) 1.7x 106
(32+%) | cs 3.3, 2.1x 106 (1,1,+2) | CS (0,0,2) 2.4% 106
(32+%) | cs 3.3.% 2.1x 106 (31+3) | cs (3,01 2.4% 1016
(1,3,-1) | CS 0,2,3) 2.6x 1016 (6,1,+3) | cs (2,0, &) 2.4x 106
(1,1,0) | RS (0,0,0) 3.0x 10 (1,1,0) | RS (0,0,0) 4.1x 106




