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TAU POLARISATION AND ITS CORRELATIONS ASA SIGNAL FOR HIGGS BOSONS � UNIVERSAL SPININTERFACE FOR TAUOLA PACKAGE� ��Maªgorzata WorekInstitute of Physi
s, University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, Polande-mail: Malgorzata.Worek�phys.us.edu.pl(Re
eived O
tober 11, 2001)We show how the �+�� spin 
orrelations 
an be used to improve there
ognition of the parent boson spin, and hen
e to identify s
alar bosonH0 ! �+�� events from the ve
tor boson Z=
� ! �+�� ba
kground inhigh energy a

elerator experiments.PACS numbers: 14.60.Fg 1. Introdu
tionThe most unsatisfa
tory feature of the Standard Model is our la
k ofknowledge of the a
tual me
hanism that breaks the ele
troweak gauge sym-metry and generates the parti
le masses. In the Standard Model the break-ing o

urs by a 
omplex Higgs boson doublet. Three 
omponents of thisdoublet be
ome the longitudinal polarisation states of the massive ve
torgauge bosons (W�, Z), while the remaining 
omponent manifests itself asa neutral massive s
alar Higgs parti
le. On the other hand the minimalsupersymmetri
 model 
ontains two Higgs boson doublets. Three �elds aretaken by the ve
tor bosons and remaining �ve be
ome physi
al parti
les:a pair of 
harged boson H�, two s
alars h0, H0 and one pseudos
alar A0.Many more 
ompli
ated mass generation models have been proposed, buttheir 
ommon feature is that the 
ouplings of the Higgs bosons to fermionsin
rease with the fermion mass. Thus for leptons the H�+�� 
oupling dom-inates over the H�+��, He+e� 
ouplings. The experimental observation� Presented at the XXV International S
hool of Theoreti
al Physi
s �Parti
les andAstrophysi
s � Standard Models and Beyond�, Ustro«, Poland, September 10�16,2001.�� Based on work in 
ollaboration with T. Pierz
haªa, E. Ri
hter-W¡s and Z. W¡s.(3803)



3804 M. Worekwhi
h breaks e, �, � , universality by favouring �+�� events 
ould be anindi
ation of the presen
e of a Higgs s
alar. Whenever su
h a departurefrom lepton universality is observed a simple heli
ity 
orrelation test 
an beperformed whi
h will 
learly indi
ate that the �+�� pairs have s
alar bosonorigin as opposed to arising from ve
tor boson de
ay. We will show that
orrelation of polarisations of the outgoing � leptons are very di�erent forH0 ! �+�� de
ays from that for Z=
� ! �+�� de
ays. The distin
tionarises be
ause the ve
tor bosons Z=
� de
ay into either + + or � � whereasthe s
alar Higgs bosons H into + � or � +, where +;� denotes the � pairsspin 
on�gurations.2. Universal interfa
e for TAUOLA pa
kageWe present the algorithm for the interfa
ing the � lepton de
ay pa
k-age TAUOLA - a library of Monte Carlo programs to simulate de
ays of �leptons [1�3℄ with �any� produ
tion generator to in
lude spin e�e
ts in theelementary Z=
� ! �+�� pro
ess [4℄. The approximate spin 
orrelation are
al
ulated from the information stored in the HEPEVT 
ommon blo
k [5℄ �lledby �any� � produ
tion program as des
ribed in Ref. [6℄. As a demonstrationexample the interfa
e is 
ombined with the JETSET generator, however itshould work in the same manner with the PYTHIA [7℄, HERWIG or ISAJETgenerators as well. In fa
t, su
h an interfa
e 
an be 
onsidered as a separatesoftware proje
t, to some degree independent both from the spe
i�
 problemof � produ
tion and its de
ay.The aim of this interfa
e is not to repla
e the matrix element 
al
ula-tions, but rather to provide a method of 
al
ulating/estimating spin e�e
tsin 
ases when spin e�e
ts would not be taken 
are of, at all. Su
h an ap-proa
h is limited for the treatment of longitudinal spin degrees only andto the 
ase of parti
le produ
tion and de
ay in the ultra-relativisti
 limit.The approximation 
onsists of re
onstru
ting information of the elementary2 ! 2 body pro
ess f �f ! (Z=
�) ! �+��, buried inside multi-bodyprodu
tion pro
ess su
h as for example f �f ! gZ, f �f ! 
Z, fg ! fZ,f
 ! fZ et
. The additional parti
les are grouped (summed) into e�e
-tive quarks and leptons to minimise their virtualities. Su
h an approa
his internally 
onsistent in the 
ase of photon or gluon emission within theleading log approximation. The prin
iple of 
al
ulating kinemati
 variablesis simple. The 4-momenta of the 2 ! 2 body pro
ess have to be found.The 4-momenta of the out
oming � 's are at present used dire
tly1. Initialstate momenta are 
onstru
ted from the in
oming and out
oming momentaof parti
les a

ompanying produ
tion of the Z=
� state2. Longitudinal po-1 This part of the algorithm will be improved in a near future.2 The Z=
� state does not need to be expli
itly 
oded in the HEPEVT 
ommon blo
k.



Tau Polarisation and Its Correlations as a Signal for Higgs Bosons : : : 3805larisation of � leptons P� depends on the spin quantum number of the �mother. It is randomly generated as spe
i�ed in Table I. TABLE IProbability for the 
on�gurations of the longitudinal polarisation of the pair of �leptons from di�erent origins.Origin P�+ P�� ProbabilityNeutral Higgs bosons: h0; H0; A0 P�+ = +1 P�� = �1 0.5P�+ = �1 P�� = +1 0.5Charged Higgs boson: H+ or H� P�+ = +1 P�� = +1 1.0Charged ve
tor boson: W+ or W� P�+ = �1 P�� = �1 1.0Neutral ve
tor boson: Z=
� P�+ = +1 P�� = +1 PZP�+ = �1 P�� = �1 1� PZOther P�+ = +1 P�� = +1 0.5P�+ = �1 P�� = �1 0.5The probability PZ used in the generation, is 
al
ulated dire
tly from thesquares of the matrix elements of the Born-level 2! 2 pro
ess f �f ! ���+:PZ = jMj2f �f!���+ (+;+)jMj2f �f!���+ (+;+) + jMj2f �f!���+ (�;�) ; (1)where f = e; �; u; d; 
; s; b. It 
an be also expressed (following 
onventionsof Ref. [8℄), with help of the 
ouplings of fermions to the 
 (and Z) bosons.PZ(s; �) = d�Bornd 
os � (s; 
os �; 1)d�Bornd 
os � (s; 
os �; 1) + d�Bornd 
os � (s; 
os �;�1) ; (2)d�Bornd 
os � (s; 
os �; p) = (1 + 
os2 �)F0(s) + 2 
os �F1(s)�p[(1 + 
os2 �)F2(s) + 2 
os �F3(s)℄ : (3)with the four form-fa
torsF0(s) = ��22s �q2fq2� + 2Re�(s)qfq�vfv� + j�(s)j2 �v2f + a2f� �v2� + a2��� ;F1(s) = ��22s �2Re�(s)qfq�afa� + j�(s)j2 2vfaf 2v�a�� ;F2(s) = ��22s �2Re�(s)qfq�vfa� + j�(s)j2 �v2f + a2f� 2v�a�� ;F3(s) = ��22s �2Re�(s)qfq�afv� + j�(s)j2 2vfaf �v2� + a2� �� ; (4)



3806 M. Worekand �(s) = ss�M2Z + is �ZMZ : (5)The qf , vf , af , q� , v� , a� are the 
harges and Z 
oupling 
onstants of thefermions and � , respe
tively.
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Fig. 1. Single � energy spe
trum in the 
ase of � produ
ed from H (left-hand side)or Z (right-hand side), ps = mH or ps = mZ respe
tively.3. Spin sensitive observablesThe polarisation of the � lepton 
an be exploited to identify a neutralHiggs bosons via the de
ay H0 ! �+��. Any experimental observationwhi
h breaks e; �; � universality � the equality of e, � and � 
ouplingsto the gauge bosons � by favouring �+�� events 
ould be an indi
ationof the presen
e of a neutral Higgs s
alar. The 
ouplings of the �Higgs�parti
les to fermions in
rease with the mass of the fermion, thus the � 
ouplespreferentially in 
omparison with either � or e. Here the ba
kground isZ=
� ! �+�� de
ays. Whenever su
h a departure from lepton universalityis observed there exists a simple polarisation 
orrelation test whi
h, if usedwill help to indi
ate the presen
e of � pairs of Higgs boson origin amongthe ba
kground Z=
� ! �+�� events. As we 
an see from Table I, the �pairs are produ
ed with the well de�ned spin 
on�gurations: + + or � �for ve
tor bosons + � or � + for neutral Higgs boson. Thus a polarisation
orrelation test 
an be performed using the energy distributions of the �nalde
ay produ
ts whi
h are sensitive to the admixture of the H0 to Z=
�parentage of the � pairs. The polarisation 
orrelation 
an be studied using



Tau Polarisation and Its Correlations as a Signal for Higgs Bosons : : : 3807the various � de
ay modes. Let us 
on
entrate on the 
ase of � de
aysto ��, most sensitive to the spin 
orrelations. The leptoni
 de
ay modei.e. �� ! e���e�� , �� ! ������� are not very sensitive to the polarisation
orrelation be
ause of the two missing neutrinos in this de
ay. In the 
ase ofother hadroni
 � de
ay, e.g. �� ! ���� ! �����0, �� ! ��a�1 ! ����2�0,�� ! ��K�� ! ��K��0 et
. the re
onstru
tion of �0 is also ne
essary. Forthe produ
tion of the � lepton pairs Monte Carlo program PYTHIA was used,and for the de
ay Monte Carlo program TAUOLA, and this spin interfa
e [4℄.It was assured, that the invariant mass of the pair of two in
oming quarkswas ps = mZ = mH . Energies are de�ned in the �+�� pair rest-frame.With the help of variables z� = 2E��=ps, the spin e�e
ts are visualised.Fig. 1 shows the slope of � energy spe
trum (in the 
ase of Z) due to the� polarisation. The slope of the distribution is simply proportional to thepolarisation. d�dz� � 1 + P� 2 (z� � 0:5) : (6)In the 
ase of the plot on the left-hand side the spe
trum is �at, as wouldbe in the 
ase of s
alar neutral Higgs boson where there is no polarisa-tion. As we 
an see in the Fig. 2 (�+�� energy-energy 
orrelations) inZ=
� ! �+�� de
ays a Fast (a Slow) �� is most likely to be asso
iatedwith a a Fast (a Slow) �� whereas the opposite is favoured for H0 ! �+��de
ays. Therefore, a ex
ess arising from Higgs boson de
ay 
an be re
og-nised in the �+�� mode as a Fast �� with a Slow ��. The quantity whi
h
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Fig. 2. �+�� energy-energy 
orrelations in the 
ase of � produ
ed from H (left-hand side) or Z (right-hand side), ps = mH or ps = mZ , respe
tively.



3808 M. Worek
an be measured experimentally is the invariant mass distribution. Fig. 3shows �+�� invariant mass distribution for the Higgs boson and Z 
ases.Continuous line � with spin e�e
ts in
luded, dotted line � with spin ef-fe
ts swit
hed o�. Left-hand side plot 
orresponds to the Higgs boson 
ase,right-hand side to the Z. In the 
ase of Higgs boson, the mass distribution
Nevt
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Nevt

mππFig. 3. The �+�� invariant mass distribution. Left-hand side plot for H ; right-hand side for Z=
�. Continuous line with spin e�e
ts in
luded, dotted line withspin e�e
ts swit
hed o�. In the two 
ases respe
tively ps = mH = mZ .is peaked 
entrally, whereas in the 
ase of Z=
� shoulders of the distribu-tions are more profound. In the Z=
� 
ase the Fast-Fast and Slow-Slow
on�gurations are lo
alised mostly at the shoulders of the �+�� invariantmass distributions, while for the the Higgs boson 
ase the Fast-Slow 
on�g-urations are lo
alised in the 
entre of the distributions. If all polarisatione�e
ts are swit
hed o� (dashed lines) the distributions in the two 
ases areidenti
al. This observable, i.e. a well de�ned distribution of invariant massbuilt from the visible de
ay produ
ts of the � 's, 
an be helpful in separatingHiggs boson signal from Z=
� ba
kground. The same distribution have alsobeen studied for the o�-peak produ
tion of Z=
�, i.e. for the larger 
msenergies. In these 
ases the average polarisation is large and negative, alsodistin
t for the u�u and d �d annihilations. This may open a way for measur-ing the �avour of the quarks leading to � pair produ
tion. As illustrated inFig. 4, the e�e
t on the �+�� invariant mass distribution is noti
eable. Theshape of the distribution might give the insight to the stru
ture fun
tions of
olliding protons.
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Nevt
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mππFig. 4. The �+�� invariant mass distribution for u�u! Z=
� (left-hand plot) andd �d ! Z=
� (right-hand plot) produ
ed with 
ms energy of 300 GeV. Continuousline with spin e�e
ts in
luded, dotted line with spin e�e
ts swit
hed o�.4. Case of the Higgs boson signatures at LHCThe � leptons are 
onsidered as a very promising signature for thesear
hes of the Higgs bosons in the Minimal Supersymmetri
 Standard Model(MSSM) at LHC 
ollider [9, 10℄. The neutral Higgs bosons H and A de
ayinto �+�� pair, are enhan
ed for the large values of tan� (tan� denotes theratio of the va
uum expe
tation values of the Higgs doublets in the MSSMmodel), with the bran
hing ratio of about 10% for most of the range of theinteresting Higgs boson mass values (150�1000 GeV ). The irredu
ible ba
k-ground to this pro
ess is a Z=
� ! �� de
ay and the redu
ible ba
kgroundsis the QCD jets. In this study the � identi�
ation is based on the presen
eof a single hard isolated 
harged hadron in the jet using tra
ker information.Two hard tra
ks from �� and �+ in the signal events have an opposite signwhile no strong 
harged 
orrelation is expe
ted for the QCD jets. Fig. 5shows the e�e
t of �� invariant mass distribution. Events were generatedwith the Monte Carlo PYTHIA 5.7 [11℄, the Higgs boson mass of the 300 GeVand the width below 1 GeV (as for tan � � 10) was assumed. For the Z=
�,the 
ms energy of the produ
ed �� pair was taken in the range 300 � 10 GeV.A simple sele
tion was applied. The minimal transverse momenta of the �0swere required to be above 15 GeV and the pseudorapidity j�j < 2:5 [9℄. InFig. 5 we 
an see the visible e�e
t of spin-
orrelations. Similarly as in 
aseof Fig. 3, the distribution for the Z=
� has more profound shoulders thanfor the Higgs boson, due to spin 
orrelations.
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Nevt
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mππFig. 5. The �+�� invariant mass distribution after basi
 sele
tion. On the left forHiggs boson, on the right for Z=
�. Continuous line with spin e�e
ts in
luded,dotted line with spin e�e
ts swit
hed o�. The Higgs boson mass was assumed tobe 300 GeV. 5. SummaryWe have dis
ussed the algorithm for interfa
ing the � lepton de
ay pa
k-age TAUOLA with �any� produ
tion generator to in
lude e�e
ts due to spin inthe elementary Z=
� ! �+�� pro
ess [4℄. The invariant mass distributionspresented here, sensitive to the �+�� spin 
orrelations, 
an possibly be usedfor the MSSM Higgs boson sear
hes at LHC to enhan
e sensitivity of thesignal or to verify the hypothesis of the spin zero nature of the Higgs boson.This 
ode is publi
ly availale from the address [12℄.It is a pleasure to thank Tomasz Pierz
haªa, El»bieta Ri
hter-W¡s andZbigniew W¡s, with whom the work reported here was performed. I wishto thank Marek Biesiada for giving me the opportunity to give this talk atthe XXV International S
hool of Theoreti
al Physi
s in Ustro«. This workis partly supported by the Polish State Committee for S
ienti�
 Resear
h(KBN) grants nos 5P03B10121, 2P03B04919.
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