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bbX and W vv backgrounds for the UA1 monojet signal
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Backgrounds from W v7 and bbX, via the leptonic decay channel B, vv, may account for three out
of the five UA1 monojet events with AEM & 40 Ge&.

The UA1 Collaboration has recently reported the observa-
tion in antiproton-proton collisions at Js =540 GeV of
"monojet" events, in which a very large missing transverse
energy AE~ is associated with a single narrow jet of ha-
drons. ' It has been claimed' that no conventional mechan-
ism appears to be capable of producing the five observed
events with AE~) 40 GeV.

It is the purpose of this note to present an estimate of the
bottom-antibottom (bbX) and W vs backgrounds affect-
ing the reported monojet signal, based on quantum chromo-
dynamics (QCD) and the electroweak standard model. The
8, vr decay mode, where 8, is the (bc) pseudoscalar
bottom state, is given due attention, and found to yield the
dominant contribution within the bbX channel. Bottom-
flavor excitation is also included, although it is not found to
qualitatively alter the results.

A discussion of the UA1 cuts, efficiencies, etc. is in or-
der. Results are based on an integrated luminosity of 0.113
pb '. Trigger conditions do not sensibly affect rates at
hE~ & 30 GeV for the background sources we are consider-
ing. Monojet events with AE~ pointing to within +20 of
the vertical are rejected. Monojet events which after sub-
traction of the jet have a residual AE~ pointing within an
azimuthal sector cosh, @ & —0.8 with respect to the jet direc-
tion are rejected as well. The errors on the measured
missing-transverse-energy components (b, EM)» and (AEM),
are quoted to be normally distributed with standard devia-
tions for both of them given by 0.5JiE„,i, where lE„tl is
the observed total scalar transverse energy. This is obtained
from a fit to the bulk of hadronic events. The cuts and the
4E~ smearing can be easily taken into account in the
present calculation. For the cosh, $ ( —0.8 cut, the residual
hE~ vector is computed from the accompanying (small-ET)
QCD radiation quanta and, for bbX, from the other debris
in the b jet generating the neutrino (or neutrinos). This
procedure is based on the assumption that particles from
spectator jets approximately balance in transverse momen-
tum among themselves, which is reasonable because of the
large multiplicities involved. The (6E~)» and (5E~),
smearings are computed taking a frozen iE„,i=100 GeV
(approximately) complying with the UA1 measurements for
the events of interest. We should stress, though, that both
the cosh, P ( —0.8 cut and the hEM smearing do not quali-
tatively alter our results.

bbX background. In estimating neutral- or charged-lepton
yields from this background source, one must realize that
when making a high-pT selection the relative importance of
the various decay modes can dramatically change with
respect to what happens for total yields. In particular, pure-
ly leptonic decay modes with small branching ratios can be-
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FIG. 1. Ratio of da (B,~ v~)/dE&(v) to do (b~ vX)/dET(v)
at large ET(I ).

come an important or even dominant source of large-pT lep-
tons. We have already made this point in Ref. 2 when dis-
cussing the heavy-quark background to the UA1 e/p, + 2
jets signal. In the present case, a crucial role is played by
the 8, vr decay mode, where 8, is the (bc) pseudoscalar
state. The branching ratio for this decay channel is expect-
ed to be' 8(8, vr) = 0.06. A further penalization of this
background source comes from the fact that it is a peculiar
characteristic of 8, states, and no similar low-multiplicity
decay channels are expected for other bottom states. Since
experimental evidence appears to indicate that particle yields
at large pT are approximately independent of quantum
numbers, one can reasonably expect that a(B,X)/o. (bX)
= ~, because the b quark can recombine with u, d, s, and e

quarks. Even taking that into account though, it turns out
that

[da(8, ~ vr)/. dEr(v) ]/[da. (b ~ vX)/dET(v) ]

becomes larger than 1 at large ET(v) (Fig. 1). It is clear
that the decay mode 8, v7, ~ vX provides a relatively
clean source of monojet events. It is equally clear that, dif-
ferently from conventional semileptonic decay modes, this
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type of background does not give corresponding even. ts with
an electron or a muon replacing the leading neutrino, and
that therefore it cannot be monitored via the charged-lepton
yield at large pT.

The calculation of rates for this background source criti-
cally depends on the shape of the fragmentation function
for bottom quarks. We assume for this sake the functional
form of Ref. 4:

Db(z) ~ Iz [1—1/z —e~/(1 —z) ]2)

The determination of the ~q parameter from electron-
positron data is subject to strong uncertainties. Only the ap-

proximate bounds 0.001«q & 0.08 can be derived. We
fix ~b so as to reproduce the large-pT muon yield as mea-
sured6 by UA1. %e find that in order to achieve that a
rather small value for this parameter is required, 2

~p = 0.001.
Calculations for behave been carried out using the pro-

gram~ coJETs, which includes QCD radiation off the initial

and final partons in the hard binary parton process. Besides
fusion (gg, qq bb ) flavor excitation (gb gb, qb qb) is

also computed. In the kinematic region of interest results
for the latter are stable, as discussed in Ref. 2. Event rates
reported in Fig. 2 are comprehensive of the semileptonic de-

cay modes (which, however, give a small contribution) and
of B, vr, 7 vX A = 0.1 GeV and a (Gaussian-
distributed) transverse momentum for initial partons with

(ECr2) =0.4 (GeV/c)2 have been assumed. UA1 experi-
mental cuts and AE~ smearing are applied, as discussed
above. Ho~ever, we have not imposed any cut on the max-

imum allowed transverse energy of the other jet debris ac-
companying the neutrino(s), since in Ref. 1 the minimal
threshold for detection of the residual particle jet is not
specified. Figure 3 gives the distribution in this quantity for
8, v ~ events surviving the cut h E~) 30 GeV. Of
course, what is presented here for the bbX monojet back-
ground is a theoretical estimate subject to all the uncertain-
ties of this type of QCD calculation. The contribution from
flavor excitation is comparable to that from fusion, and
therefore its presence does not qualitatively alter the results.

8'~ vr background. The calculation of the contribution
to monojet events from 8' v~, ~ v +jet is a relatively
simple one. The only notable feature in the present calcula-
tion is the inclusion of initial QCD radiation, which, togeth-
er with the intrinsic transverse momentum of initial par-
tons, is responsible for the 8'transverse momentum. The
calculations have been performed using the program~
wIZJET. Corresponding results for the pT distribution of the
8'and for the characteristics of the hadronic transverse en-

ergy produced in its association have been presented and
compared with available UA1 data elsewhere.

The total number of 8' vv events should be the same
as that of 8 v e events. Normalizing to the number of

v e events observed' by UA1, correcting for the
branching ratio'0 B(r v + hadrons) = 0.65, and for the
azimuthal sectors of the UAl apparatus counted out (80 in

total), and finally applying a Er(jet) & 25 GeV cut, inspired
by the UA1 trigger conditions, we find that about 10

v7 monojet events are left to contribute. This is in
reasonable agreement with the 9 events obtained in Ref. 1

with a "full detector simulation. " The AEM distribution we
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FIG. 2. Comparison of calculated bbX and 8' vv backgrounds
to monojet events with UA1 data (Ref. 1) at large missing
transverse energy AE~.

FIG. 3. Distribution in the calorimetric transverse energy depos-
ited by the debris of the neutrino-generating b-quark jet in B, v~

events for hE~) 30 GeV.
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find for these events, however, has a more substantial tail
at large AE~ than that reported in Ref. 1. We are able to
recover the distribution quoted there only by forcing neglect
of the transverse momentum of the W. In Ref. 1 not
enough details are given to better understand the origin of
the discrepancy. The result reported in Fig. 2 includes ex-
perimental AEM smearing, as quoted in Ref. 1.

The combined bbX and W vv monojet background for
30 (AE~(40 GeV appears to be even larger than the
event rate observed by UA1 in this region (Fig. 2). Of
course, the present poor experimental statistics makes a
strict quantitative comparison immaterial. The very same
QCD and W vr backgrounds calculated' by UA1 appear
to exceed the observed event rate for 25 & AE~ & 35 GeV.

In conclusion, three out of the five monojet events ob-
served by UA1 for AE~ & 40 GeV appear to be attributable
to conventional background sources. Experimental data
with higher statistics will allow clarification of the signifi-
cance of the residual monojet signal at AEM & 50 GeV.

Note added. The assumption that at large pT ( ~ 30 GeV)
yields of bottom particles are approximately independent of
other quantum numbers implies the existence of a nonper-
turbative source of charm quarks. It should be clear that
the assumption only demands that such a source is active
when the phase space available for fragmentation is large
with respect to the charm-quark mass, so that phase-space

constraints act approximately in the same way for u, d, s,
and c quarks.

Monojet events are defined according to Ref. 1 (footnotes
5 and 6), i.e. , as containing no more than one jet with
58 = 1 and ET & 12 GeV. For W v ~ events, jets are
reconstructed by clustering with b R =1 resolution the 7-
decay (hadronic) debris and QCD bremsstrahlung quanta
(the reconstructed jet may therefore turn out to have an in-
variant mass larger than the r mass).

The 7 v+ hadrons decay model used (see Refs. 7 and 8
and references therein for details) is a phase-space model
yielding a hadron multiplicity distribution of approximately
Gaussian form with (n) =2.8 and ( n2 —(n)2) 'l2=1.5
(the v vn channel has a branching ratio = 0.10). Polari-
zation effects are neglected, since they are important only
for the 7 vm decay mode whose contribution at large
hE~ is small anyway. The contribution at AEM +30 GeV
is dominated by the higher-multiplicity decay modes, for
which detailed modeling is irrelevant in the present applica-
tion, and left somewhat arbitrary by present data, anyway.

Still, for the 8' ~v background, at EEM & 40 GeV the
pT distribution of the W is not appreciably different from
that observed (and calculated9) for the bulk of W ev
events In. the same b, EM region, multiple QCD
bremsstrahlung yields a mean multiplicity of 1.9 for quanta
with ET & 1 GeV.
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