Search for neutral Higgs bosons
decaying into four taus at LEP2
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Motivation and Previous Limits Selection Criteria

Direct searches at LEP placed a lower bound on the — e We considered two possible decay classes of the Zboson -- namely Z — [T]~ (where /= e or L)

Higgs mass of 114 GeV/c?[1]. However, EW fits to W e P and Z — VU -- and formulated a set of loose selection criteria (convenient to allow comparison of

the Standard Model prefer a light Higgs mass. [ (RS data and simulation at an intermediate stage without compromising the blind nature of the analysis)
I f ] and final selection criteria.

Additionally, LEP saw a suggestive excess at | N /[ [Z — lﬂ‘]
~98 GeV/c?, consistent with models with naturally [ N Forthe 7 —s |71 Loose selection: |
light states, a, such as the NMSSM [2]. In these T e channel, four-fermion 2 oppositely charged, isolated leptons

- - 2 jets, well-contained within tracking volume | cos ;| < 0.9
. referred goodness-of-fit values o recision data to the I’OCGSSGS are a J
models, h — can dominate over h — e B amant Model ve tgge maser " proce i icientlV i min
, h aa h bb, Standard Model vs. Higg prominent background. jets and leptons sufficiently isolated from each other | cos87;'"| < 0.95

gl
and for I’Tla < 2mb, the Lep T We used ALEPH lepton Final selection:

subsequent decay of ' ' identification algorithms - invariant mass of lepton pair near Z mass 80 < My+)-(y) < 102 GeV/c?
: to mask the two most - some missing energy (from neutrinos from tau decays)  E > 20 GeV

the aa pair woula N\ : energetic leptons in the - jets separated cos0;; <0

evade 4b searches _ ) e event from the list of - signal-like track multiplicity nitk = 2 or 4

and one would s L objects clustered by the

eXpeCt a — 7—‘|—7-_ JADE jet-finding @ loose selection background

10 .
algorithm. Z>ete- 332
Z> U+ p- 75

_+_
e m,(GeV/c’)

The excess in LEP data at ~114 GeV/c2 (blue) is Standard
Model-like, while the excess at ~98 GeV/c2 is non-SM-like.

A previous OPAL search [3] was restricted to m_ < 86 GeV/c?,
for2 m_<m, <11 GeV/c? and thus the range 86 < m, < 114 GeV/c?

Is not covered by existing analyses. Loose selection:

The Z/ — v channel - missing energy and mass E > 30GeV i > 20 GeV /c?
represents a larger - exactly 2 jets, well-contained |cos 0| < 0.85 mj; > 10 GeV/c?

[ZHVD]

branching ratio of the - reject “2 photon” and beam background events |08 Opiss| < 0.9 Ey; > 0.05 Ecy
Z than the lepton - requirements on most energetic jet E; >25GeV n™* =2 or4

High momentum resolution is achieved via a large tracking volume immersed in g*;iﬂgf;-u ﬁ‘dmalor

a 1.5_T magne_tlc fleld_. An en_ergy-flovy reconstruct!c_m contribution arises

algorithm provides a list of objects which are classified = from two-photon- Final selection:
as charged particles, photons, and neutral hadrons, initiated events. - less than 5 GeV within 30° of beam axis

and which are the basic entities used in the =g - consistency withZ — vi: > 60 GeV and 1A > 90 GeV/c?.
present analySiS See [4] for a full deSCFiptiOn - small aplanarity (<0.05) consistent with 2 back-to-back, highly collimated jets

@ loose selection background

Z >V 200

- signal has higher aplanarity for high ma and low mn: cut chosen to maintain efficiency

- signal-like track multiplicity n%‘“ =2or4

During LEP2 the machine operated at centre-of-mass

energies from 183 to 209 GeV and collected data —_——
corresponding to a total integrated luminosity of 683 pb™. The ALEPH Detector S1gna1 Efﬁciency and EXpECtEd Yield
Slgnal and baCkgr ound Samples Based upon the selection criteria above,

our signal efficiency ranged from ~25%

to ~50%, depending on Z decay
All steps of the ALEPH analysis framework were revived, including the ability to channel, Higgs mass, and a mass. We
generate simulated samples of standard model background and data. We determined that, for the Z — [T~
produced 3000 simulated signal events (with h = aa followed by a = 7+71-) for
each of the three Z decay channels considered and for each combination of Higgs events versus < 0.2 backaround events
boson and a masses in the ranges 70 < m, < 114 GeV/c? and 4 <m_ < 12 GeV/c? = J ’
and for the Z — v channel our

. 2 - i
in steps of 2 GeV/c”. For the relevant background processes, our samples were expectation was ~11 signal events : ST

either 10-30 or 300-1000 times Iarger than the data, depending upon the process. 075 80 85 90 95 100 105 110 0 8 95 100 105 110 115
versus ~6 background events. m, (Gev/c?) M, (GeV)

Signal efficiency as a function of Higgs mass for the three Expected number of events after application of all
Z decay channels considered. selection criteria.
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For the mass range considered, the Higgs is produced approximately . ALEPH

at rest, and thus the decay h = 2a — 4t results in a pair of taus | e Systematic uncertainties in our Monte Carlo
recoiling against another pair of taus. For the a mass range a simulation were estimated to be 5% for all
considered, the decay products of each 21 system will be observed _ : , : W signal and 10% for background in the

as a highly-collimated jet of charged particles. Due to this high level of ; 1 ; Tl Clsigna 7 — 71~ channel versus 30% for
collimation, individual identification of taus, via standard algorithms, Y ; Zh — eedr background in the Z — v channel. We
would fail. Instead, the fact that each 1 decays into either one | ' | found that the background estimate and the
charged particle or three charged particles was used, and one would thus expect i ! number of events seen in data at the loose
each a jet to contain two, four or six tracks. The JADE algorithm was employed Mmoo 10011;1';0 gouédﬁwu%,j{H{bm0'150 selection agreed within the systematic and
to form jets with a ycut chosen to merge proto-jets up to a mass of Migy = 15 GeV/c2. Reconstructed m, (GeV/c’) Reconstructed m, (GeV/c') statistical uncertainty for all Z channels.
Reconstructed Z mass for the Z — |+l channels after applying the loose selection criteria detailed above.

Final Results and Limits

For the / — l—l_l_ channels, zero events were observed after applying Limits are placed upon the cross section times Also shown in the left figure is the

: : . : ffect of these results upon some
. L - _ hing ratio of | th tto o : — enec! N
all selection criteria, while for the Z — v channel two events were M Ty o SIgna, Process wilh respectio . 31 : L possible favored scenarios in the
g9 gp ’ —— Observed Upper Limit B E Lo : NMSSM; see [8], Figures 17 and 21

observed. These observations are consistent with background. - Expected Upper Limit - therein. Our limits highly constrain

o olefe” — Zh) )2 [ [ ]=+20 N \ SR scenarios with tan B = 3, while
ALEPH " osulete~ — Zh) X B(h — aa) x Bla — 7777) o N ] . scenarios with tan B < 2, where there

B Bhabha _ i _ 2 : i I is a larger branching ratio of the Z
Zh — vV 4t S based upon event counts in three separate track - m, =10 GeV/c g ! A boson into jets, remain

A multiplicity bins (corresponding - ¥ unconstrained.

:ff to events with two jets where 1) each jet contains two

vy — ff tracks, 2) each jet contains four tracks, or 3) one jet i Example NMSSM points:
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