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Production of monojets at the SpaS for various models of N = 1 supergravity is examined. In the tree breaking models of SU(2)x U(1) monojets arise from supersymmetric decays of the W and Z bosons. The theoretical predictions in this model are consistent with preliminary UA1 data for Wino mass approximately 35-45 GeV, and gluinos and squarks heavier than about 70 GeV. The number of light neutrinos is also consistent with UA1 data on W and Z production.



1. Introduction. In N = 1 supergravity models, the spontaneous breaking of SU(2) X U(1) symmetry at 100 GeV is triggered by the breaking o f supersymmerry at the Planck scale [1 ]. Models differ, however, by the mechanism used to achieve SU(2) X U(1) breaking, and three different classes can be distinguished ,1 : (i) models where SU(2) X U(1) breaks at the tree level [1,3] (T.B. models); (ii) models where renormalization group corrections from the GUT scale to the W mass produce SU(2) X U(1) breaking [4] (R.G. models) and (iii) models based on dimensional transmutation, i.e. the D.T. models [5] and the no scale (N.S.) models [6]. Since all the above models correctly reproduce the structure of the standard SU(3) X SU(2) X U(1) model, it is necessary to appeal to experiment to distinguish among them. We begin, therefore, by summarizing in this section some of the consequences of existing data. First, if there exist only three light generations, it is difficult for R.G. models to accomodate the possibility of a relatively light top quark [7] with 1 Visiting Scholar. ¢I For reviews of supergravity models see ref. [2].



mass 30 GeV ~ m t ~< 50 GeV *~. While a light top quark is consistent with the dimensional transmutation models, these models have serious difficulties in accounting for the data on missing transverse enerT events of the 1983 (x/~ = 540 GeV) and 1984 gy (EM) (x/~ = 630 GeV) UA1 runs at the Spy'S [9,10] (a total of "~ 400 n b - 1). After subtracting known electroweak and QCD backgrounds, there appear to be experimentally about ~ 2 - 3 hadronic monojet events/ 100 nb -1 with E y ~ 35 GeV (and almost no events with ETM ~ 50 GeV) which do not fit standard model backgrounds. Further, only three dijet events (as defined by UA1 cuts) were observed in the total 1983 and 1984 data. Within the framework of D.T. and N.S. models three proposals have been made to account for the existence of monojets: (A) squark pair production ( ' ~ ) with the squark lighter than the gluino (~') i.e. m~ 
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:quna° f ~mli~_gh~~80iG°V(~I1 ~] I ~V~i~2ac~do~ hth:sWeproposals predict the existence of monojets, they each have difficulties in accounting for the observed phenomena. Thus ((7) predicts [14,15] many more low E T monojets than appear to have been observed. (This model also has difficulties in satisfying cosmological constraints [16] .) In (A), supergravity with three generations forces the gluino to be nearly degenerate with the squark since one has the following relation between the "~L squark, gR selectron and gluino masses in the dimensional transmutation models [5, 17] m 2~ =m 2 + 0.826m~. dL eR



(1)



(For four or more generations, the gluino is always lighter than the squark [17,16,8] and model (A) does not exist.) It is easy to verify that all the D.T. solutions with the stable vacua for negative A X discussed in ref. [18] are eliminated for mg  L assumes rng ~ 25 GeV. Further, because t~e gluino R and squark are nearly degenerate when rn~. < m~. (and hence the ~'~" production amplitude is large), it is necessary to increase the squark mass to --~ 6 0 - 7 0 GeV so that these models do not produce too many monojet events at the CERN collider [19,20]. However, here one expects more dijets than monojets for model (A) [19], while very few dijet events have been observed [9,10]. In addition, a heaw squark tends to produce monojet events that are too hard [20]. Supergravity models more easily accomodate case (B) where mg > m~. since this possibility is consistent both with eq. (1) and the existence of stable vacua in the D.T. and N.S. models [18]. However, this case also predicts a large number of dijet events [19]. More serious, perhaps, is that case (B) (and also (A)) predict roughly a doubling of the E T events as one moves from X/~ = 540 GeV to ~ = 630 GeV [21] while experimentally the observed rates appear to be roughly constant in energy [10]. In view of the above phenomenological difficulties of the R.G. and dimensional transmutation models, we consider in this note some of the consequences of the T.B. N = 1 supergravity models [1]. These 400



17 July 1986



models have been neglected somewhat because it is difficult, (though not impossible [22] ) to maintain the gauge hierarchy at the loop level. This problem would disappear, however, if the T.B. models were actually a low-energy effective theory of a more fundamental theory. Such a possibility arises in superstring models [23], for example, where the remaining gauge group in four dimensions, K = G X Q of E 6 × E~, has the simplest possibility of G = SU(3) X SU(2) × U(1) X U(1) × U(1). Here, while indeed at the GUT scale the Kahler potential has the N.S. form [6], the breaking of supersymmetry does not necessarily drive a satisfactory breaking of SU(2) × U(1) due to the absence of gaugino masses and the vanishing of the Polonyi parameter A and the Higgs mixing parameter/a [24]. It is possible [24], however, for the remaining SU(3) × U(2) X U(1) singlets of the 27 of E 6 to produce an effective low-energy T.B. model of SU(2) × U(1) breaking ,a. In T.B. models, monojet events naturally arise from supersymmetric W and Z boson decays [25] i.e. W-+ ~/+ ~', Z-+W+W,



W-+ ~/+ Z',



(2) (3)



provided the Wino (W), Zino (Z') and photino (77"3are sufficiently light to make the decays energetically possible. (We assume here that the photino is the lightest supersymmetric particle.) Such a model would predict only a slow energy variation of monojet rate (in accord with the data [10] ) and, as we will see, a reasonable production rate of monojets and relatively few dijets ,4



2. Monojets. While no supergravity models make definite statements on squark and selectron masses, T.B. models characteristically predict these particles to have masses of ~ 100 GeV [27]. If the gluino is relatively heavy, i.e. m~. ~ 70 GeV, monojet production from gluino and squarks becomes negligible [ 19, 21]. For such models, which we consider here, monojets at the SpaS will arise mainly from W and Z de,3 Wenote that the low energypotential, eqs. (52)- (56), obtained in ref. [24] is identical to the T.B. N = 1 supergravity model first proposed in ref. [1 ]. ~:4 A preliminaryanalysis of monojet events from processes (2) and (3) was givenin ref. [26].
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cays of eqs. (2), (3) ,s. [Almost all monojet events are ldnematically consistent with vector boson decays [28] .] Indeed, unlike squarks and sleptons (whose masses are theoretically ill determined) one may show for a wide class of supergravity models with light photino, that at least one Wino lies below the W boson and one Zino below the Z boson [25], making decays (2), (3) energetically likely. Missing transverse energy jet events then arise from subsequent decays of the Winos and Zinos e.g., W -+ ud~" and Z -+ dd~', the quark producing jets. Thus the W -+ W~ decay will produce monojets, while the W WZ and Z -+ VOWdecays produce both monojet and dijet events. The Wino and Zino decays depend on the gravitino mass m3/2 as they proceed through both squark and W and Z poles. For light photinos then, the monojet and dijet rates can be parameterized by mv, and m3/2. Detailed calculations show [2], however, that the branching ratios for jets arising from W ~ W~ and Z ~ ~ are essentially independent of m3/2 over the entire range m3/2 >~ 80 GeV and, only events arising from W -+ WZ vary with rn3/2, this variation also being relatively slow. To a reasonable approximation, then, our results will depend only on a single parameter, the Wino mass m ~ . To calculate the monojet rate, we have approximately modeled the UA1 cuts [7] for processes (2) and (3) with subsequent quark decays o f ~ / a n d Z" ,6 (We have not attempted to include hadronization effects, e.g. a jet is defined by quarks lying in a cone ofZXR 2 = (A4~)2 + At72 ~< 1.) Table 1 gives the expected number of monojet and dijet events for m~ in the range 3 5 - 4 5 GeV. Reducing m,~ much below 35 GeV would give rise to too many low-energy monojets ,7, #5 Since in T.B. models, sleptons are nearly degenerate with squarks, selectrons and sneutrinos are not naturally expected to be fight [27]. We~assume here therefore that the decays W--*~'~" and Z --*V'~"are energetically forbidden. :1:6In simulating the UA1 cuts in te phase space integrations, we have neglected the photino mass. This is expected to produce small errors for m~. < 7 GeV. A heavy photino will significantly reduce the high E T events, and hence is most likely inconsistent with the present monojet data. (Since our model is not a GUT theory we have not imposed any constraints between the photino and gluino masses.) We have also neglected energy variations in W and Z" decay matrix elements. ,7 Since the W --, WZ channel closes for m,~ > 37 GeV, only the m~ = 35 GeV entry depends upon m3~2.Reducing m3/2 to 85 GeV, increases these results by only about 10%.
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Table 1 Number of monojets (M) and dijets (D) per 100 nb -1 as a function of Wino mass for m3/2 = 150 GeV [6]. Fn~ (GeV)
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while raising it much above 45 GeV would give too few high-energy monojets. We see also from table 1 that relatively few dijets are predicted (coming mainly from Z -+ ~ ) , in accord with the data [9,10] and in contrast with monojet models based on squark or gluino production [21 ]. A remarkable feature of this model is the number of narrow monojets expected. These arise when only one energetic quark (E T > 25 GeV) lies within the UA1 cone AR ~< 1. We estimate that roughly about 40--45% of the monojets with ETM > 25 GeV and 3 0 - 3 5 % with~E T > 35 GeV are of this type, and hence one indeed expects a sizeable number of narrow monojets. Fig. 1 gives the ETM distributions of monojets and dijets for m ~ = 40 GeV. Note that the distribution is relatively flat up to the kinematic limit consistent with existing data [9,10]. [One may expect some smearing (not included here) of the distribution at the kinematic edge due both to transverse motion of the W and Z and the detection apparatus.] We have also examined the distribution in the quantities F and z3N defined by UA1 [10], where F is the fraction of jet energy contained in a cone of size R = 0.4, and 2xR is the separation between the leadingpT track and the jet axis. In the parton approximation, the supersymmetry monojets of eqs. (2), (3) give an F distribution sharply peaked at F --~ 1 and AR peaked near AR "~ 0. (When hadronization is included, these peaks would presumably be smeared out some.) Thus to a first approximation, the supersymmetric monojets have F and AR distributions similar to r events, and supersymmetry would manifest itself as an excess of r-like events. This is indeed how the data roughly appears [10]. However, in addition to the sharp peak near F = 1, we find that the Wino monojets have a tail with a smaller subsidiary peak in the vicinity o f F " 0.5-0.8. (This arises from 401
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E (GeV) Fig. 1. Histogram for ET~ events for the T.B. model. The solid (dashed) lines represent the number of monojet (dijet) events per 100 nb -1 . The analysis~"isfor m,~ = 40 GeV.



monojets involving two quarks where b o t h quarks lie within the cone R 


R = oW*+W-BOV-~ e v ) / o Z B ( z ~ e + e - ) ,



(4)



(where o z is the Z production cross section, B(Z e+e - ) is the Z ~ e+e - branching ratio, etc.) is a sensitive test simultaneously of the number of light neutrinos and the electroweak model giving rise to the W and Z decays. Thus theoretically, they find R = (8.96 ± 0 . 5 4 ) [ F z + ( N u - 3 ) r z ~ v ~ ] / r w ,



(5)



where Pz,w is the total Z, W width, N v is the number of light neutrinos and ['z--,vv is the partial Z ~ vff width. (Eq. (5) assumes that any fourth or higher charged sequential leptons are t o o heavy to contrib402



ute to W and Z decays.) For the standard model with M w = 83 G e V , M z = 94 GeV, sin20w = 0.22 one has Uw(std ) = 2.82 GeV, P z ( s t d ) = 2.83 GeV and hence R(std) = 8.99 +- 0.54. For the T.B. model one must add the effects of decays (2) and (3) to PW,Z , s . These supersymmetric decays can be parameterized by two constants, the low-lying Wino mass m ~ and the photino mass [2]. For light photinos (m~- ~ 20 GeV) the decay rates are essentially independent ofm~,. In fig. 2 , R is plotted as a function o f N v. The experimental 90% CL lines of R for the UA1 1983 and 1984 ~ +2.6x data [10] are also drawn in fig. 2 (Rex p -~.3_ 1.9). One sees that both the T.B. model and tlae stanctard model are consistent with the data for the entire range of W mass for N u ~ 9 , 8 . The majority of the error in Rex p is the statistical error in the Z cross section (there ,~8 Our conclusions differ from ref. [29] for two reasons: The value of Rexp used there appears to be considerably smaller than the value stated in text and the T.B. model chosen there was a very special one with the Higgs mixing parameter ~ set equal to the gravitino mass rn3z2 . (Theoretically there is no relation between ~ and rn3/2 .) We note also that the D.T. model (e.g. Ellis and Sher [5]) is consistent with Rex p.
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Nv Fig. 2. R for the N = 1 supergravity T.B. model as a function of the number of light neutrinos N u. The shaded band represents the spread in R for Wino masses 22 GeV < m~, < MW. (The --~ 6% theoreticaluncertainty is not shown.) The dashed lines are the experimental 90% CL bands. are only 22 Z ~ e+e - events) and hence an improvement in the statistics could significantly reduce the allowed range o f N v. 4. Conclusions. In this note we have shown that the simplest of supergravity T.B. models [1 ] appears to be consistent with preliminary UA1 monojet analysis and R =- o B W / o B z measurements [9,10]. The monojet production rate from decays (2) and (3) rises only slowly with x/~, (with the same behavior as W and Z production cross sections) has a relatively flat E T distribution and has the correct event rate for Wino mass in the range , . ~ 3 5 - 4 5 GeV. Relatively few (opposite-side) dijets are predicted, as seen in table 1. (Such models may also arise as an effective low-energy theory of the superstring [24] .) While gluino and squark monojet production [ 1 1 - 1 3 ] does not occur in this model at the CERN collider (as these particles are too heavy to be produced there), one may expect to see gluino and squark monojet and dijet events at higher energy machines, e.g. the Tevatron (particularly for gluino production).



At a ~p collider, the Z ~ ~ and W ~ ~ ' ~ contribute about equally to monojet production, even though o z is much smaller than o w. This is due to the fact that the Z ~ ~ branching ratio is remarkably large [2] i.e. P(Z -~ ~ ) / F ( Z ~ e+e - ) ~ 5. Thus one expects a dramatic production of monojets (and a corresponding smaller number of dijets) at e+e machines. For example, at design luminosity, SLC is expected to produce about 106 Z bosons/yr. Assuming SLC detectors will be as efficient as UA1 in observing monojets, one then expects at SLC several thousand monojet events/yr. This also allows one to distinguish the supersymmetric Wino signal for monojets from what one would expect from a fourth sequential lepton with mass ~ 4 0 GeV, since the latter would have a much smaller signal. The T.B. model is the simplest supergravity model with three generations that is consistent with the current preliminary UA1 data on monojets. If one postulates that four sequential generations exist [8], or if the t-quark turns out to be sufficiently heavy, it is possible that R.G. models of monojets based on eqs. 403
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(2) and (3) also are consistent w i t h data. This question will be discussed elsewhere. This w o r k was s u p p o r t e d by the National Science F o u n d a t i o n under Grants No. P H Y - 8 3 - 0 5 7 3 4 and PHY-82-15249. We should like to t h a n k Steven Geer, James R o h l f and Carlo R u b b i a for discussions.
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Preschool Number 4.pdf 

Page 1 of 1. Name 4. 1. By Lavinia Pop Â© 2014. 4 4 4 4. Trace the number 4: 4 4 4 4. Write the missing number: 1 2 3 5 6 7 8 9 10. Colour 4: How many fingers ...
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number-line-4.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. number-line-4.
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Acorn July 17 web.pdf 

Page 2 of 32. Sevenoaks and District Motor Club Ltd. PRESIDENT: John Symes. VICE PRESIDENTs: Vic EIford, Grahame White. ACORN MAGAZINE.
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BRANCH NEWSLETTER NUMBER 38 - JULY 2014.pdf 

CafÃ© Owner Caz with Jan and ASDA Community Champion Billie Callan. Page 3 of 4. BRANCH NEWSLETTER NUMBER 38 - JULY 2014.pdf. BRANCH ...
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PHYSICS-4.pdf 

15 & 16 are essay questions . Each question carry 6 marks each. write the answer in approx. 150 words. (8) Draw neat labeled diagram where ever necessary.
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