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1002 E. Ri
hter-W¡s, M. Sapi«ski1. Introdu
tionThe t�tH;H ! b�b 
hannel has been proposed [1,2℄ as an interesting 
han-nel to sear
h for the SM and MSSM Higgs.The �nal state of this 
hannel is rather 
omplex. One top de
ay, t!Wb,is required to be followed by the semileptoni
 de
ay of theW -boson,W ! `�,to provide an isolated lepton for the trigger. This provides a �nal state topol-ogy with one isolated lepton and at least four re
onstru
ted jets originatingfrom the b-quarks or hadroni
 de
ay of the se
ond W -boson. Either fouror three of these re
onstru
ted jets are required to be identi�ed as b-jetsby the sele
tion pro
edure. The Higgs signal would thus appear as a peakin the invariant b�b mass distribution, above the 
ombinatorial ba
kgroundfrom the signal itself and from the various ba
kground pro
esses, whi
h 
anbe divided into two 
ategories:� the irredu
ible ba
kground, 
onsisting of the resonant t�tZ 
hannel withZ ! b�b de
ay and of t�tb�b produ
tion;� the redu
ible ba
kgrounds 
ontaining jets misidenti�ed as b-jets, su
has t�tjj, Wjjj, Wjbb et
. Their magnitude will obviously depend onthe quality of the b-tagging performan
e.A 
areful evaluation of the potential in this 
hannel with 3b-tagged jetsin the �nal state was performed in [2℄. The main results from this paper arebrie�y re
alled below.� For mH = 100 GeV, 20% of the events 
ontain two (re
onstru
ted) b-jets, 44% 
ontain three b-jets and 32% 
ontain four b-jets. However,only 39% of all re
onstru
ted b-jets 
ome from H ! b�b de
ay, whereas61% 
ome from top quark de
ay. This indi
ates that the 
ombinatorialba
kground itself will be quite large when sear
hing for a peak in theinvariant mass of two tagged b-jets.� The largest of all ba
kground sour
es is that from t�t + jets, both inthe 
ase of three and four b-tagged jets, provided the reje
tion againstlight-quark and gluon jets 
an be kept at the level of Rjet = 50 or more.� For events with three b-tagged jets, the obvious but naive method,whi
h in
ludes all three mass 
ombinations in the mbb distribution,ea
h one with a weight of 1/3, leads to only 30% of the total eventrate observed in the mass window, 60 < mH < 100 GeV, 
ontaining ab�b pair from Higgs de
ay.



Sear
h for the SM and MSSM Higgs Boson : : : 1003� Variations of this method, e.g. (a) 
hoosing only 
ombinations 
ontain-ing the b-jet with lowest pT (sin
e the b-jets from H ! b�b de
ays tendto have lower pT than those from top quark de
ay) or (b) weightingea
h 
ombination with 1=N , where N is the number of 
ombinationsfalling in the mass window for the event 
onsidered, lead �nally onlyto small in
reases of the fra
tion of true H ! b�b 
ombinations insidethe mass window (never more than 40%).� For an integrated luminosity of 3 � 104 pb�1 in ATLAS and di�erentassumptions on the b-tagging e�
ien
y ("b = 0:3; 0:5; 0:7 with respe
-tively Rjet =100, 50, 10), the expe
ted signi�
an
e (S=pB) does notex
eed 3� a value too small to 
laim dis
overy in this 
hannel alone.� The identi�
ation of all four b-jets is very expensive in terms of signalrate and therefore requires ex
ellent b-tagging performan
e.The t�tH;H ! b�b 
hannel is the only one whi
h does not have to 
ontendwith potentially dangerous ba
kground from the Z-resonan
e, owing to thevery small value of the t�tZ; Z ! b�b 
ross-se
tion with respe
t to the signalone. On the other hand, it is plagued by the 
ombinatorial ba
kground fromthe large multipli
ity of b-jets present in the �nal state.This paper dis
usses the observability of the t�tH, H ! b�b 
hannel withfour b-tagged jets. Although the identi�
ation of four b-jets is very expensivein terms of signal rate, a more 
omplete re
onstru
tion of the �nal state ispossible in this 
ase and, hen
e, the suppression of the 
ombinatorial ba
k-ground. The key to suppress the 
ombinatorial ba
kground, as suggestedin [2℄, is the full re
onstru
tion of the �nal state, i.e. the re
onstru
tion ofboth top-quark de
ays as well as that of the H ! b�b de
ay.This paper is organised as follows. Se
tion 1 brie�y dis
usses the resultsof various in
lusive sele
tion pro
edures for extra
ting a SM H ! b�b signalin the 
ase of 4 b-tagged jets. Se
tion 2 des
ribes the top-quark de
ayre
onstru
tion pro
edure with emphasis on the quality 
riteria used for there
onstru
tion. Se
tion 3 presents the �nal results for the SM t�tH 
hannelwith full re
onstru
tion of the �nal state. Se
tion 4 extends these resultsto the 
ase of the light Higgs boson, h, in the MSSM model, and, �nally,Se
tion 5 presents the 
on
lusions.2. Observability of the t�tH, H ! b�b 
hannelwith four b-tagged jetsSignal and ba
kground events are generated using the PYTHIA 5.7Monte Carlo pa
kage [6℄. Sin
e the exa
t 
al
ulations for the multi-jet ba
k-ground �nal states are not available, the parton shower approximation has



1004 E. Ri
hter-W¡s, M. Sapi«skito be used to simulate the t�t+jets and W+jets ba
kgrounds. This approxi-mation tends to underestimate these ba
kgrounds as has been shown in [3,4℄,and un
ertainties in the ba
kground predi
tions 
ould therefore be as large asa fa
tor of 2. Nevertheless, the ba
kground generation is performed as mu
has possible in an unbiased way, generating the t�t andW + jet hard-s
atteringpro
esses in several phardT bins, starting from phardT > 1 GeV. Table I gives the
ross-se
tions for the signal and ba
kground pro
esses as a fun
tion of mHand phardT . TABLE IProdu
tion 
ross-se
tions for the signal and ba
kground pro
esses. The bran
hingratio for one semileptoni
 W ! `� de
ay (` = e; �) and for H ! b�b, Z ! b�b arein
luded.Pro
ess � [pb℄ Pro
ess � [pb℄t�tHmH=80 GeV 0.730mH=100 GeV 0.390 t�tZ 0.033mH=120 GeV 0.200t�t+ jets W+jetsphardT = 1� 20 GeV 5.8 phardT = 1� 20 GeV 57400phardT = 20� 50 GeV 27.7 phardT = 20� 50 GeV 5950phardT = 50� 100 GeV 71.0 phardT = 50� 100 GeV 1540phardT = 100� 200 GeV 93.1 phardT = 100� 150 GeV 255phardT > 200 GeV 33.8 phardT = 150� 200 GeV 53.3phardT = 200� 300 GeV 28.0phardT > 300 GeV 7.2For the analysis presented in this note, the generated signal and ba
k-ground events are passed through the fast simulation of the ATLAS dete
-tor [5℄ in the following way:� the fast simulation pa
kage ATLFAST re
onstru
ts jets and isolatedleptons with the energy resolutions and a

eptan
es expe
ted for AT-LAS. Jets are re
onstru
ted by default for pT > 15 GeV (before res
al-ing to the original parton energy) and j�j <5.0, whereas isolated lep-tons are re
onstru
ted for pT > 6 GeV and j�j < 2:5. Hadroni
 jetsare labelled as true b-jets or 
-jets if they are within the b-tagging a
-
eptan
e of the Inner Dete
tor, j�j < 2:5, and if they are asso
iated toa parent 
-quark or b-quark, with pT > 5 GeV;� the overall ATLAS b-tagging performan
e is emulated in an approxi-mate manner by randomly tagging true b-jets as su
h with a proba-



Sear
h for the SM and MSSM Higgs Boson : : : 1005bility of 60% (resp. 50%) at low (resp. high) luminosity, by randomlymis-tagging true 
-jets as b-jets with a probability of 10%, and by ran-domly mis-tagging all other jets as b-jets with a probability of 1%.� jet energies are res
aled on average to the original parton energies usingpT-dependent s
aling fa
tors determined separately for b-jets and non-b-jets. After this pro
edure has been applied, the peak positions forthe invariant mass distributions for b�b pairs from H ! b�b de
ays andjj pairs from W ! jj de
ays are at the 
orre
t values within �1%.The degradation of the jet energy resolution due to pile-up at highluminosity is in
luded in a rather 
rude manner (a 
ontribution withr.m.s of 7.5 GeV in ET is added to the resolution), so the results shownbelow for the re
onstru
tion of the H ! b�b peak should be 
onsideredas optimisti
.After initial sele
tion, several algorithms to suppress the 
ombinatorialba
kground to the mbb distribution are studied and 
ompared:� the so-
alled �naive� sele
tion, where all possible 
ombinations of b-jetpairs out of 4 b-tagged jets 
ontribute to the mbb mass distribution(six possible 
ombinations);� the so-
alled �three + one� sele
tion, whi
h 
hooses only the b-jet pairsfrom the set of the three 
losest jets, leaving out (as 
andidate fort!Wb de
ay) the furthest one (three possible 
ombinations);� the so 
alled �top-re
� sele
tion, whi
h sele
ts the b-jet, whi
h givesthe best value of �2 = (m`�b �mt)2 as 
oming from t!Wb de
ay.Any 
ombination of the remaining three b-jets 
ontributes to the mbbdistribution (three possible 
ombinations).� the so 
alled �top-re
 with 
ut� sele
tion, whi
h starts with the top-quark re
onstru
tion in the t! `�b de
ay requires the mass of the re-
onstru
ted t! `�b de
ay to be within a windowm`�b = 175 � 30 GeV.This re
onstru
tion sele
ts one b-jet out of four. Any 
ombination ofthe remaining three b-jets 
ontributes to the mbb distribution (threepossible 
ombinations).For the signal events the e�
ien
y of the preliminary sele
tion, requir-ing at least 4 re
onstru
ted jets within j�j < 5:0 and one isolated lepton, is74%. Requiring in addition 4 b-tagged jets redu
es the a

eptan
e to 5.3%for the expe
ted low-luminosity b-tagging performan
e ("b = 60%). The rel-ative e�
ien
ies of the additional sele
tion algorithms des
ribed above are,
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hter-W¡s, M. Sapi«skirespe
tively, 100% for the �naive�, �three+one� and �top-re
� sele
tion and72% for the �top-re
 with 
ut� sele
tion. The a

eptan
e of the mass win-dow 
ut itself, mbb = mH � 2�mbb , varies between 50 and 70%. The totala

eptan
e thus varies between 1.5 and 2.0%. The mass resolutions and theexpe
ted numbers of events a

epted in the mass windows for the di�erentalgorithms are summarised in Table II.For the algorithms des
ribed above Fig. 1 shows the mbb distribution forthe signal events and its 
ontent in true H ! b�b 
ombinations; the 
ombi-natorial ba
kground from the signal events themselves is signi�
ant in all
ases.
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ted using the �naive�, �three+one�, �top-re
� and�top-re
 with 
ut� algorithms (see text) for an integrated luminosity of 3 � 104 pb�1.The true H ! b�b 
ombinations are also shown (shaded histogram). For �naive�method six and otherwise three 
ombinations per event enter the plot.



Sear
h for the SM and MSSM Higgs Boson : : : 1007TABLE IIExpe
ted mass resolution, �mb�b and numbers of events within the mass windowsfor an integrated luminosity of 3 � 104 pb�1 and for t�tH, H ! b�b signal eventswith mH=100 GeV re
onstru
ted using the algorithms des
ribed in the text.�mbb Events within Fra
tion of H ! b�b withinAlgorithm (GeV) �2�mbb �20 GeV �2�mbb �20 GeV�naive� 20 206 125 28% 40%�three+one� 24 209 112 33% 51%�top-re
� 20 237 117 28% 43%�top-re
 with 
ut� 20 154 86 30% 44%The requirement of four b-tagged jets strongly suppresses the W+jetsba
kground. Although its initial 
ross-se
tion is several orders of magnitudelarger than that of for the t�t+jets pro
ess, after the sele
tion pro
edure, it
ontributes only at the level of 5% of the total ba
kground. Table III showsthe expe
ted numbers of signal and ba
kground events as a fun
tion of thesequential steps taken in the �naive� re
onstru
tion algorithm.
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kground from t�t+ jets events (solid histogram) in the mbbdistribution re
onstru
ted using the �naive� algorithm (see text), for an integratedluminosity of 3 � 104 pb�1. The lefthand plot illustrates 
ontributions from di�erentphardT bins and the righthand plot those from events 
ontaining two, three or fourtrue b-jets in the �nal state.



1008 E. Ri
hter-W¡s, M. Sapi«skiFig. 2 shows the mbb distribution obtained for the t�t+jets ba
kgroundusing the �naive� re
onstru
tion algorithm. Separately shown are the 
on-tributions from di�erent phardT bins (lefthand plots) and from the di�erentmultipli
ities of true b-jets in the events (righthand plots). The t�t+jets ba
k-ground is dominated by t�tb�b and t�tjj events. Clearly there is a need for amatrix element 
al
ulation of t�tb�b �nal states to 
he
k whether PYTHIA 5.7
orre
tly generates the ratio of t�tjj to t�tb�b events. A matrix element 
al
u-lation of t�tjj �nal states would be also extremely useful to better evaluatethe un
ertainties in the ba
kground estimates presented here. TABLE IIIExpe
ted numbers of signal (mH=100 GeV) and ba
kground events for an inte-grated luminosity of 3 � 104 pb�1 as a fun
tion of the sequential steps taken in the�naive� re
onstru
tion algorithm (see text).Pro
ess One isol. lepton 4b-tagged mbb in �2�mbb Total+ 4 jets in j�j < 5:0 jets mass window a

eptan
et�tH 7953 440 206 1.8 %t�tZ 800 50 15 1.5 %t�t + jets inphardT bins1�20 GeV 6:0 � 104 40 20 3:3 � 10�420�50 GeV 3:0 � 105 200 100 3:3 � 10�450�100 GeV 8:3 � 105 670 300 3:6 � 10�4100�200 GeV 1:4 � 106 4200 450 3:2 � 10�4> 200 GeV 4:8 � 105 670 200 4:2 � 10�4Total (t�t + jets) 2:8 � 106 2740 1040 3:6 � 10�4W + jets inphardT bins1�20 GeV 4:7 � 106 27 11 2:3 � 10�620�50 GeV 2:7 � 106 16 7 2:6 � 10�650�100 GeV 2:1 � 106 12 5 2:4 � 10�6100�150 GeV 0:7 � 106 9 3 2:1 � 10�5150�200 GeV 0:28 � 106 4 2 1:7 � 10�5200�300 GeV 0:17 � 106 3 1 3 � 10�5> 300 GeV 0:06 � 106 3 1 3 � 10�5Total (W + jets) 10 � 106 74 30 4:8 � 10�6



Sear
h for the SM and MSSM Higgs Boson : : : 1009Tables IV and V give the expe
ted numbers of signal and ba
kgroundevents for an integrated luminosity of 3 � 104 pb�1. The signal�to�ba
k-ground ratio is around 16�19% and the purity of the H ! b�b signal itself1(SH!b�b=Stotal) is 28�45%, depending on the mass window and sele
tion algo-rithm used. The narrow mass window (Table V) gives better signal purities(SH!b�b=Stotal) while the wider one (Table IV) gives better signi�
an
es forthe same signal�to�ba
kground ratio. However, for all the algorithms de-s
ribed above, the mbb distribution is very similar in shape for the signaland the ba
kground and peaks around mbb = 100GeV, as shown in Fig. 3.For the ba
kground this shape is 
aused by the e�e
t of the kinemati
al re-quirements (4 jets re
onstru
ted with pT > 15 GeV). Although signi�
an
esabove 5� 
an be rea
hed on paper for an integrated luminosity of 3 � 104 pb�1
learly a very good knowledge of the overall normalisation and shape of theba
kground would be required to 
laim a �rm dis
overy in this 
hannel usingone of the sele
tion algorithms dis
ussed above. TABLE IVExpe
ted numbers of Signal (S) and Ba
kground (B) events, signal-to-ba
kgroundratios and signi�
an
es for an integrated luminosity of 3 � 104 pb�1, for mH=100 GeV and for a mass window mH � 2�mb�b .Pro
ess naive three+one top-re
 top-re
 with 
utt�tH (total S) 206 194 237 154t�tZ 15 10 7 6t�tjj 1040 1000 1410 940Wjjjj 30 20 30 8Total B 1085 1030 1447 954S/B 0.19 0.19 0.16 0.16S=pB 6.3 6.0 6.2 5.0SH!b�b=Stotal 28% 37% 28 % 30%
1 Considered as trueH ! b�b 
ombinations are those where both b-tagged jets are withina distan
e �Rb;b�re
 < 1:0 from the original b-quarks from the Higgs-boson de
ay.



1010 E. Ri
hter-W¡s, M. Sapi«ski TABLE VSame as Table IV for a mass window mH � 20 GeVPro
ess naive three+one top-re
 top-re
 with 
utt�tH (total S) 125 144 117 86t�tZ 10 11 6 6t�tjj 740 780 720 580Wjjjj 15 15 17 4Total B 765 806 743 590S/B 0.16 0.18 0.16 0.14S=pB 4.5 5.1 4.3 3.5SH!b�b=Stotal 40% 45% 43 % 44%
0

250

500

750

1000

0 100 200 300 400
0

200

400

600

0 100 200 300 400

0

100

200

300

400

0 100 200 300 400
0

50

100

150

200

250

300

0 100 200 300 400Fig. 3. Distribution of mb�b for the summed signal + ba
kground (solid histogram)and for the ba
kground alone (shaded histogram) for di�erent sele
tion algorithms(see text). The results are shown for an integrated luminosity of 3 � 104 pb�1.



Sear
h for the SM and MSSM Higgs Boson : : : 10113. Top-quark re
onstru
tion with perfe
t b-taggingAs already mentioned, the full re
onstru
tion of the �nal state shouldhelp to suppress the large 
ombinatorial ba
kgrounds dis
ussed in Se
tion 2as well as to modify the shape of the t�tjj ba
kground. This se
tion dis
ussesthe single and double top-quark re
onstru
tion, as 
ould be expe
ted in theATLAS dete
tor for in
lusive t�t events.The initial sele
tion requires at least 4 re
onstru
ted jets with pT>15GeVand j�j < 2:5, two of them being labelled as b-jet and at least one re
on-stru
ted isolated lepton (j�j < 2:5 and p�T > 6 GeV or peT > 20 GeV). Thetotal a

eptan
e of this sele
tion for in
lusive t�t events with one W ! `�de
ay is about 33 %. These events be
ome top-pair 
andidates after passingthrough the re
onstru
tion algorithm des
ribed below2.3.1. Single top-quark re
onstru
tion in the semileptoni
 
hannel3.1.1. W ! `� re
onstru
tionAs is well known a 
omplete re
onstru
tion of W ! `� de
ays is limitedby the impossibility of re
onstru
ting fully the neutrino four-momentum.The transverse 
omponents of the neutrino momentum are assumed to beequal to the 
orresponding 
omponents of the missing energy in the event,while the information on the longitudinal 
omponent is lost be
ause of thelarge amount of energy es
aping down the beampipe. This information 
anbe re
overed by solving the equation for the mass of the W -boson, whi
hrequires the re
onstru
ted neutrino and lepton system to form the W -mass.From this equation:m2W = (E� +E`)2 � (p�x + px̀)2 � (p�y + pỳ)� (p�z + pz̀)2 ; (1)where p�x = pmissx , p�y = pmissx and the neutrino is assumed massless, the 
om-ponent p�z 
an be extra
ted. For the 
ases where there are one or two possiblesolutions of the above equation, the event is re
onstru
ted further, otherwiseit is reje
ted. The impa
t of the natural width of the W -boson has to beignored in this approa
h.The quality of the W ! `� re
onstru
tion is most of all a�e
ted by theexperimental resolution on the re
onstru
tion of the neutrino four-momen-tum. Fig. 4 shows the quality of the p�z and p�x re
onstru
tion as expe
tedfor ATLAS using the above pro
edure for in
lusive t�t events. A resolutionof �� = 10:9 GeV is obtained for the p�x re
onstru
tion. The Gaussian partof the p�z resolution 
an be �tted with a resolution � = 14:3 GeV, but the2 If not spe
i�ed expli
itly in this se
tion, a perfe
t b-tagging performan
e is assumed("b = 1:0; R
 = 106; Rj = 106)
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hter-W¡s, M. Sapi«skidistribution displays large symmetri
 tails. The distan
es between the re-
onstru
ted � and W dire
tions from their true initial dire
tions are alsopresented in Fig. 4. Only 36% of the events satisfy the 
ondition for a goodp�z re
onstru
tion, jp�z � p��re
z j < 3� ( whereas 90% of the events do satisfythis 
ondition for p�x re
onstru
tion. A

epting events with an unresolvedW -mass equation by assuming p�z = 0 and requiring m`� = mW � 5 GeVin
reases the a

eptan
e by only 4% but obviously degrades the �nal reso-lution on the top-quark mass. The �quality� of the W ! `� re
onstru
tionis illustrated through the distributions in Fig. 4.
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onstru
tionFor events 
ontaining a re
onstru
tedW ! `� de
ay, ea
h of the possible`�b 
ombinations is 
onsidered and the one whi
h best re
onstru
ts the top-quark mass, i.e. whi
h minimises the value of �2 = (m`�b �mt)2, is 
hosenas the top-quark 
andidate.A 
omplete re
onstru
tion of the t! `�b de
ay requires re
onstru
tion ofthe W ! `� de
ay and of the 
orresponding b-jets. Both these 
omponents
ontribute signi�
antly to the mass resolution obtained for the top-quark.Table VI shows the resulting resolution �m and the fra
tion of de
ays withm`�b outside �2�m for fully re
onstru
ted t! `�b de
ays and for partiallyre
onstru
ted t! `�b de
ays, where the re
onstru
tedW or b-jet is repla
edby the initial W -boson or b-quark. For the partial re
onstru
tion, the ob-tained resolutions are respe
tively �m = 8:7 and 8:3 GeV with 19% and 20% of the events falling outside the respe
tive �2�m mass windows. For thefull re
onstru
tion, the obtained resolution is �m = 10:0 GeV with 16% ofthe events falling outside the �2�m mass window. Fig. 5 shows the resultingm`�b distributions for the partial and full re
onstru
tion.Taking as an initial sele
tion for t! `�b re
onstru
tion events for whi
hthe W -mass equation 
an be solved one 
an study possible �quality� 
utsfor the t! `�b re
onstru
tion. Tables VII and VIII show examples of su
h�quality� 
uts using the distan
es RW;W�re
, R�;��re
 and Rt;t�re
 betweenthe re
onstru
ted and initial dire
tions of the W -boson, the neutrino andthe top-quark, respe
tively. Although these quantities are not a

essibleexperimentally they 
an be used to de�ne the fra
tion of �
orre
t� and �false�top-quark re
onstru
tions. The a

eptan
e (A

) of su
h �quality� 
uts, theratio of events passing su
h �quality� 
uts to all events inside the 
hosenmass window of �20 GeV (Rp) and outside this mass window (Rt) and thefra
tion of events outside the mass window are given in Table VIII. In all
ases the fra
tion of events outside �20 GeV is around 15%. The highestquality re
onstru
tion would maximise the value of A

 � Rp=Rt; this valueis found to be between 0.50 and 0.75 for the �quality� 
uts presented inTable VIII. The best re
onstru
tion should also be 
hara
terised by a largedi�eren
e between the values of Rp and Rt; this di�eren
e is found to varybetween 0.06 and 0.12 for the �quality� 
uts presented in Table VIII. Them`�b distributions before and after �quality� 
uts on RW;W�re
, R�;��re
,Rt;t�re
 are shown in Fig. 6. The a

eptan
e of these �quality� 
uts onlyis between 50 and 80% (see Table VIII), whi
h quanti�es the fra
tion of
orre
tly re
onstru
ted t! `�b de
ays.
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hter-W¡s, M. Sapi«ski TABLE VIMass resolutions and fra
tions of events in tails for fully and partially re
onstru
tedt! `�b de
ays in in
lusive t�t events (see text).Sele
tion �m [GeV℄ Fra
tion Fra
tionoutside �2�m outside �2�1W re
 � bjet 10:0� 0:4(�1) 16% 16%W true � bjet 8:7 � 0:3 19% 15%W re
 � bquark 8:3 � 0:3 20% 15%

1

10

10 2

10 3

100 150 200 250 300Fig. 5. Distribution of re
onstru
ted top-quark mass, m`�b, for t! `�b de
ays inin
lusive t�t events. The solid histogram 
orresponds to fully re
onstru
ted t! `�bde
ays (W re
 + bjet), the dashed one to partial re
onstru
tion using the true W -boson (W true + bjet), and the dotted one to partial re
onstru
tion using the trueb-quark (W re
 + bquark).
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eptan
es, mass resolutions and fra
tions of events in tails for fully re
onstru
tedt! `�b de
ays as a fun
tion of the �quality� 
uts applied to the W ! `� re
on-stru
tion.Sele
tion A

eptan
e � [GeV℄ Fra
tion outside �2�� � 0 0.78 10.0 � 0.4 16%RWW re
 < 1:0 0.66 9.3 � 0.2 15%RWW re
 < 0:5 0.54 9.1� 0.3 14%R��re
 < 1:0 0.52 9.3� 0.2 14%R��re
 < 0:5 0.38 9.1� 0.3 13%p�x � p�re
x < 3� 0.75 9.8 � 0.2 13%p�z � p�re
z < 3� 0.50 9.4 � 0.3 14% TABLE VIIIFor fully re
onstru
ted t! `�b de
ays, a

eptan
es, ratios of events under the peak(Rp) and in the tails (Rt) before and after the �quality� 
uts applied, and fra
tionof events outside the top-quark mass window as a fun
tion of the �quality� 
utsapplied to the re
onstru
tion (see text).Sele
tion A

eptan
e Rp Rt A

 �Rp=Rt Fra
tion outside�20 GeV� � 0 0.78 1.0 1.0 0.78 16%RWW re
 < 1:0 0.66 0.77 0.68 0.75 15%RWW re
 < 0:5 0.54 0.71 0.59 0.65 14%R��re
 < 1:0 0.52 0.69 0.63 0.57 14%R��re
 < 0:5 0.38 0.52 0.42 0.47 13%Rttre
 < 1:0 0.61 0.78 0.75 0.63 15%Rttre
 < 0:5 0.51 0.66 0.60 0.56 14%RWW re
 < 1:0+Rttre
 < 1:0 0.57 0.73 0.67 0.62 15%RWW re
 < 0:5+Rttre
 < 0:5 0.45 0.58 0.48 0.54 14%3.2. Single top-quark re
onstru
tion in the hadroni
 
hannel3.2.1. W ! jj re
onstru
tionTo minimise the 
ombinatorial ba
kground from jets originating frominitial or �nal state QCD radiation only jets with a re
onstru
ted transverse
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100 150 200 250 300Fig. 6. Distribution of the di�eren
es between re
onstru
ted and initial dire
tions(left) and re
onstru
ted mass (right) for t! `�b de
ays in in
lusive t�t events. Theplots are shown for the neutrino (top), the W -boson (middle) and the top-quark(bottom).energy pjetT > 20 GeV are 
onsidered for W ! jj re
onstru
tion. All possi-ble pairs of su
h jets are 
onsidered and the distribution of their invariantmass mjj is shown in Fig. 7 as a fun
tion of the ingredients used in theevent generation. The signal from W ! jj de
ays is 
learly visible abovethe 
ombinatorial ba
kground and the expe
ted resolution in
reases from�m = 5:3 GeV (only hard s
attering pro
ess) to �m = 12:6 GeV (initial and�nal state radiation and hadronisation/de
ays in
luded).The mass resolution improves with the in
reasing transverse momentaof the jj pair, pjjT , as illustrated in Table IX. Only jj 
ombinations withmjj = mW � 25 GeV (�2�m mass window) are retained for further analysis.In 76% of events at least one su
h 
ombination is found as shown in Table IX.
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0 100 200Fig. 7. Distribution of re
onstru
ted invariant mass of jet pairs, mjj , as a fun
tionof the ingredients used in the event generation: hard s
attering pro
ess (top left),initial state radiation (top right), �nal state radiation (bottom left) and hadroni-sation/de
ays (bottom right). TABLE IXThe expe
ted a

eptan
e for at least one jj 
ombination in the 
hosen mjj masswindow (left side) and the resolution as the fun
tion of the transverse momenta ofthe jj pair (right side).Mass window A

eptan
e pjjT [GeV℄ �mjj [GeV℄�15 GeV 65% 50� 100 14.0�25 GeV 76% 100� 150 10.5�30 GeV 80% 150� 200 9.8
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hter-W¡s, M. Sapi«skiThe resolution of the re
onstru
ted mjj would be better if the best
ombination, the one minimising �2 = (mjj �mW )2 was 
hosen. Fig. 8shows re
onstru
ted mass distribution for all 
ombinations (left) and forthe best 
ombination (right). Resolution improves from �m = 12:6 GeV to�m = 7:8 GeV. However the best 
ombination might not be the optimalone for the t! jjb re
onstru
tion. The resolution of the re
onstru
ted mjjwould also improve with in
reasing transverse momenta of jj pair, as illus-trated in Table IX.
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0 50 100 150 200Fig. 8. Distribution of re
onstru
ted invariant mass of jet pairs, mjj , for all 
om-binations (left) and for the best 
ombination (right).3.2.2. t! jjb re
onstru
tionFor ea
hW ! jj 
andidate withmjj = 80� 25 GeV the jj four-momen-ta are res
aled to impose the 
onstraint mjj = mW and two possible jjb
ombinations are 
onsidered. Out of all possible jjb 
ombinations the onewhi
h minimises the value of �2 = (mjjb �mt)2 is 
hosen. Figs 9 showsre
onstru
ted invariant mass as a fun
tion of ingredients used for the eventgeneration. The expe
ted resolution in
reases from �m = 6:2 GeV (only hards
attering pro
ess) to �m = 11:1 GeV (initial and �nal state radiation andhadronisation/de
ays in
luded) for the best 
ombination of the jjb. Thepeak is almost Gaussian and well 
entred around mt. The distribution ofmjj for all 
ombinations (solid), best 
ombination (dashed) and 
ombina-tions sele
ted as optimal one for the t! jjb re
onstru
tion is shown onFig. 10. As expe
ted, mass resolution of the mjj 
ombinations 
hosen fort! jjb re
onstru
tion is 
lose to the resolution of the best jj 
ombinationfor W ! jj re
onstru
tion.
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100 200 300Fig. 9. Distribution of re
onstru
ted invariant mass of t! jjb, for best 
ombinationof jjb, as a fun
tion of the ingredients used in the event generation: hard s
atteringpro
ess (top left), initial state radiation (top right), �nal state radiation (bottomleft) and hadronisation/de
ays (bottom right).Similarly as for the semileptoni
 
hannel, full and partial re
onstru
tionof t! jjb de
ays has been studied. The respe
tive 
ontributions to themass resolution from the W ! jj and b-jet re
onstru
tion are illustrated inFig. 11, whi
h shows the mjjb distributions in the 
ase of the full and partialre
onstru
tion of the t! jjb de
ay (see Se
tion 3.1.2). The mass resolutionsobtained and the fra
tions of events outside �2� are given in Table X. Thet! jjb resolution is dominated by the quality of the b-jet re
onstru
tion,on
e the W -mass 
onstraint has been applied to the re
onstru
ted W ! jjde
ay.Taking as an initial sele
tion for t! jjb de
ays the requirement mjj =80 � 25 GeV, one 
an study possible �quality� 
uts for the top-quark re-
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0 50 100 150 200Fig. 10. Distribution of re
onstru
ted invariant mass mjj for all 
ombinations(solid), best 
ombination (dashed) and the 
ombinations 
hosen as optimal onesfor the t! jjb re
onstru
tion (dotted). TABLE XMass resolutions and fra
tion of events in tails for fully and partially re
onstru
tedt! jjb de
ays in in
lusive t�t events (see text).Sele
tion �m [GeV℄ Fra
tion outside Fra
tion outside�2�m �2�1W re
 � bjet 11.1 � 0.7(�1) 20% 20%W true � bjet 8.7 � 0.3 19% 13%W re
 � bquark 8.6 � 0.4 20% 15%
onstru
tion. Tables XI and XII show example of su
h �quality� 
uts as inSe
tion 3.1.2. Although these quantities are not a

essible experimentally,they 
an be used to quantify the fra
tion of �
orre
t� and �false� top-quarkre
onstru
tions. The a

eptan
e (A

) of su
h �quality� 
uts, the ratio ofevents passing su
h �quality� 
uts to all events inside the 
hosen mass win-dow of �20 GeV (Rp) and outside mass window (Rt), and the fra
tion ofevents outside the mass window are given in Table XII. In all 
ases, thefra
tion of events outside �20 GeV is around 20%. The highest quality re-
onstru
tion should maximise the value of A

 �Rp=Rt; this value is foundto be between 0.8 and 0.9 for �quality� 
uts presented in Table XII. The bestre
onstru
tion should also be 
hara
terised by a large di�eren
e between thevalues of Rp and Rt; this di�eren
e is found to be between 0.17 and 0.27,
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h larger than in the t! `�b 
ase. The mjjb distributions before andafter �quality� 
uts on the RW;W�re
 and Rt;t�re
 are shown in Fig. 12. Thea

eptan
e of these �quality� 
uts is between 70 and 90% (see Table XII)whi
h quanti�es the fra
tion of 
orre
tly re
onstru
ted t! jjb de
ays.TABLE XIA

eptan
e, mass resolutions and fra
tions of events in tails for fully re
onstru
tedt! jjb de
ays as a fun
tion of the �quality� 
uts applied to the re
onstru
tion (seetext). Sele
tion A

eptan
e � [GeV℄ Fra
tion outside �2�mjj = 80� 25 GeV 0.76 11.1 � 0.7 20%RWW re
 < 1:0 0.64 10.6 � 0.4 19%RWW re
 < 0:5 0.55 10.4 � 0.4 17%Rttre
 < 1:0 0.60 10.6 � 0.4 20%Rttre
 < 0:5 0.51 10.4 � 0.4 19% TABLE XIISame as Table VIII for t! jjb de
aysSele
tion A

eptan
e Rp Rt A

 � Rp=Rt Fra
tion outside�22 GeVmjj = 80� 25GeV 0.76 1.0 1.0 0.76 20%RWW re
 < 1:0 0.66 0.84 0.62 0.89 19%RWW re
 < 0:5 0.58 0.76 0.49 0.90 17%Rttre
 < 1:0 0.60 0.79 0.62 0.76 20%Rttre
 < 0:5 0.55 0.70 0.50 0.77 19%RWW re
 < 1:0+ Rttre
 < 1:0 0.58 0.74 0.53 0.81 18%RWW re
 < 0:5+ Rttre
 < 0:5 0.50 0.65 0.40 0.81 17%3.3. Re
onstru
tion of top-quark pairsThe pro
edure for the re
onstru
tion of both the t! `�b and t! jjbde
ays simultaneously 
hooses the best jjb and l�b 
ombinations, whi
htherefore must minimise the value of�2 = (m`�b �mt)2 + (mjjb �mt)2 : (2)The W ! `� and W ! jj de
ays are re
onstru
ted as des
ribed in the pre-vious se
tions. All possible l�b and jjb 
ombinations are 
onsidered and the
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onstru
ted top-quark masses, m`�b and mjjb, in in-
lusive t�t events for single top (solid histogram) and full t�t (shaded histogram)re
onstru
tion (top). Also shown (bottom) are the distributions of the distan
esbetween the re
onstru
ted and initial top-quark dire
tions, Rt;t�re
.best pair of su
h 
ombinations is sele
ted using Eq. (2). The quality of there
onstru
tion in terms of the distan
e Rt;t�re
 is better in the 
ase of the
omplete re
onstru
tion of both top-quark de
ays than in the 
ase of singlere
onstru
tion, as 
an be 
on
luded from Fig. 13. Table XIII shows the a
-
eptan
es of the sele
tion 
riteria, the mass resolutions and the fra
tions ofevents outside the mass window for single top and full t�t re
onstru
tion andfor a perfe
t b-tagging performan
e. Table XIV shows the same results forthe b-tagging performan
e expe
ted at low luminosity. However, obviously,both the a

eptan
e and the mass resolution are somewhat worse if the re-
onstru
tion of both top-quarks is required. Only in 55% of events withone isolated lepton + 2 b-labelled re
onstru
ted jets (perfe
t b-tagging) + 2
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hter-W¡s, M. Sapi«skijets with deposited transverse energy above 20 GeV 
an the top-pair re
on-stru
tion algorithm 
an be applied (both � � 0 and mjj = 80� 25 GeV),and in 61% of these events both m`�b and mjjb are re
onstru
ted inside therequired mass window. This initial a

eptan
e of 55% is degraded to 50%and the mass resolution in
reases slightly if the b-tagging performan
e atlow luminosity is assumed (see Table XIV). TABLE XIIIFor single top and full t�t re
onstru
tion and for perfe
t b-tagging performan
e,a

eptan
es, mass resolutions and fra
tions of events in tails.Sele
tion A

eptan
e � [GeV℄ Fra
tion Fra
tioninside �2� outside �2�Single t! l�b� � 0 0.78 10.0 � 0.4 84% 16%Single t! jjbmjj = mW � 25GeV 0.76 11.0 � 0.7 80% 20%Both top quarks: 0.55 61%t! l�b 11.0 � 0.4 81% 19%t! jjb 11.5 � 0.4 78% 22%TABLE XIVSame as Table XIII for the b-tagging performan
e expe
ted at low luminosity.Sele
tion A

eptan
e � [GeV℄ Fra
tion Fra
tioninside �2� outside �2�Singlet! l�b� � 0 0.73 10.6 �0.4 80 % 20%Single t! jjbmjj = mW � 25GeV 0.72 11.5 �0.4 78 % 22%Both top quarks: 0.50 60%t! l�b 12.5 �0.6 83% 17 %t! jjb 12.5 �0.6 76% 24 %
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aseAt high luminosity the dete
tor performan
e in terms of EmissT resolution,mass resolutions and b-tagging performan
e is degraded.� With the fast simulation the obtained resolution of EmissT ,�miss = 11:3 GeV, represents rather ultimate performan
e of the de-te
tor (the pile-up is not added to empty 
ells). It is to be 
omparedwith the �miss = 5:7 GeV expe
ted at low luminosity.� The jets energy threshold has to be raised to 30 GeV redu
ing the se-le
tion a

eptan
e and the expe
ted resolution is degraded both for thet! jjb and t! `�b re
onstru
tion. For the W ! jj re
onstru
tionthe mjj peak is broader and pairs of jets from mass window �40 GeVare a

epted for re
onstru
tion of t! jjb 
hannel.� The expe
ted b-tagging performan
e is degraded to "b = 50% for thesame jets reje
tion.� The thresholds on trigger lepton has to be raised respe
tively to 20GeV for muons and 30 GeV for ele
trons.The a

eptan
e of the initial sele
tion 
riteria is degraded by 30% due tothe thresholds raised for leptons and jets transverse momenta while the a
-
eptan
e of the re
onstru
tion 
riteria alone 
hanges only slightly. Table XVshows the a

eptan
es of the re
onstru
tion 
riteria, the mass resolutionsand the fra
tions of events outside the mass window for single top and fullt�t re
onstru
tion and for a perfe
t b-tagging performan
e. Table XVI showsthe same results for the b-tagging performan
e expe
ted at high luminosity.However, obviously, both the a

eptan
e and the mass resolution are some-what worse if the re
onstru
tion of both top-quarks is required. Only 54% ofevents with passed initial sele
tion (one trigger lepton + 2 b-labelled jets + 2other jets) 
an be fully re
onstru
ted (both � � 0 andmjj = 80� 40 GeV),and in 62 % of these events both m`�b and mjjb are re
onstru
ted inside therequired mass window. The a

eptan
e of 54% is degraded to 48% of theinitially sele
ted events and the mass resolution in
reases slightly if the b-tagging performan
e at high luminosity is assumed (see Table XVI). Letus stress however that all numbers above present results from the fast sim-ulation only and the e�
ien
ies/a

eptan
es of re
onstru
tion pro
eduresshould be 
on�rmed with the results from the full simulation of the ATLASdete
tor.
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hter-W¡s, M. Sapi«ski TABLE XVSame as Table XIII for jets re
onstru
tion performan
e expe
ted at high luminosity(pile-up in
luded and jets threshold in
reased to 30 GeV).Sele
tion A

eptan
e � [GeV℄ Fra
tion Fra
tioninside �2� outside �2�Single t! l�b� � 0 0.71 11.2 � 0.5 81% 19%Single t! jjbmjj = 80� 40GeV 0.64 11.6 � 0.5 81% 19%Both top quarks: 0.54 62%t! l�b 13.0 � 0.5 84% 16%t! jjb 13.0 � 0.5 80% 20%TABLE XVISame as Table XV for the b-tagging performan
e expe
ted at high luminosity.Sele
tion A

eptan
e � [GeV℄ Fra
tion Fra
tioninside �2� outside �2�Single t! l�b 0.69 11.3�0.5 80% 20%Single t! jjb 0.60 12.0�0.5 80% 20%Both top quarks: 0.48 59%t! l�b 13.5�0.5 82% 18%t! jjb 13.5�0.5 78% 22%4. Observability of the t�tH, H ! b�b 
hannelwith full re
onstru
tion of the �nal stateThe full re
onstru
tion of the �nal state for t�tH, H ! b�b events requirest�t re
onstru
tion in the t! `�b and t! jjb 
hannels and the re
onstru
tionof the H ! b�b peak.The isolated trigger lepton and at least six re
onstru
ted jets withpT > 15 GeV are required in the initial sele
tion. The a

eptan
e of thesesele
tion 
riteria is 56% for the signal events with mH=100 GeV and oneW ! `� and H ! b�b de
ays. Four of these jets are required to be tagged asb-jets.The re
onstru
tion of the top-quark pair is optimised as dis
ussed in Se
-tion 3.3. Fig. 14 shows the expe
tedmjjb and m`�b and Rt;t�re
 distributionsfor the top-quark pair re
onstru
tion in the t�tH events for the low-luminosity
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0 2 4 6Fig. 14. Distribution of re
onstru
ted top-quark masses, m`�b(top left) andmjjb(top right) for t�tH events with mH=100 GeV and for the b-tagging perfor-man
e expe
ted at low luminosity. Also shown (bottom) are the distributions ofthe distan
es between the re
onstru
ted and initial top-quark dire
tions. The plotsare shown for single top re
onstru
tion (solid histograms) and for the re
onstru
tionof both top quarks (shaded histograms).b-tagging performan
e. The mass resolution obtained is better than in sim-pler t�t 
ase as 
an be seen by 
omparing Table XIV and XVIII, be
ausethe average transverse momenta of the top-quarks in t�tH events are higherthan in in
lusive t�t events. The mass spe
trum of remaining two b-jets, not
hosen for the top-pair re
onstru
tion, is peaked around mbb=100 GeV, asshown on Figs 15 and 16.
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0 5Fig. 15. For fully re
onstru
ted t�tH, H ! b�b events and for the low luminosityb-tagging performan
e, distributions of the re
onstru
ted masses, mbb, mjjb andm`�b, and of the distan
es Rb;b�re
 and Rt;t�re
. The results are shown for allevents (solid histogram) and for events with Rt;t�re
 < 1:0 for both top-quark de-
ays (shaded histogram).The expe
ted numbers of signal and ba
kground events at ea
h 
on-se
utive step of the re
onstru
tion pro
edure3 are given in Table XVII. Asdis
ussed in Se
tion 2 the main ba
kground 
omes from t�tjj whi
h is dom-inated, about 56%, by the true t�tbb events and not negligible fra
tion oft�t

 events. This ba
kground is e�
iently suppressed with presented above3 Mass window of �20 GeV,�20 GeV and �30 GeV are used for the t! `�b, t! jjband H ! b�b re
onstru
tion respe
tively.
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0 5Fig. 16. Same as Fig. 15 but for Rb;b�re
 < 1.0 (shaded histogram).pro
edure as 
ompared to the more in
lusive re
onstru
tion dis
ussed inSe
tion 2. The a

eptan
es in the mass window and the fra
tions of eventsinside and outside the mass window are given in Tables XVIII and XIX forthe b-tagging performan
e expe
ted at low luminosity. As dis
ussed in Se
-tion 2 an in
rease of the mass window for mbb, e.g. from � 1:5�m to � 2�m,improves slightly the signal�to�ba
kground ratio and the statisti
al signi�-
an
e, but redu
es the purity of the H ! b�b signal in the mbb peak, owing tothe larger 
ombinatorial ba
kground from the signal events themselves andtherefore redu
es SH!b�b=Stotal.
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hter-W¡s, M. Sapi«ski TABLE XVIIExpe
ted numbers of signal and ba
kground events at ea
h 
onse
utive step of there
onstru
tion pro
edure for t�tH , H ! b�b events with mH=100 GeV and for anintegrated luminosity of 3 � 104 pb�1.Pro
ess 6 jets in j�j < 5:0 +4 tagged + mjjb;ml�b +mbb+ one isol. lepton b-jets in mass in masswindow windowt�tH 5900 365 140 61t�t + jetsin phardT bins1�20 GeV 9700 35 10 520�50 GeV 49600 155 50 1050�100 GeV 155400 510 85 25100�150 GeV 168700 560 130 35150�200 GeV 122200 380 100 30> 200 GeV 159500 620 150 25Total (t�t + jets) 665100 2260 525 130W + jetsin phardT bins1�20 GeV 31100 22 8 420�50 GeV 38400 10 2 �50�100 GeV 59100 10 3 2100�150 GeV 39600 3 1 1150�200 GeV 21900 3 1 1> 200 GeV 10000 2 � �Total (W + jets) 200100 50 14 8For fully re
onstru
ted signal events, �quality� 
uts su
h as Rb;b�re
 < 1:0and Rt;t�re
 < 1:0 on the distan
es between the re
onstru
ted and initial b-jets from H ! b�b de
ay and between the re
onstru
ted and initial top-quarkdire
tions 
an be applied to study the quality of the re
onstru
tion, as illus-trated in Tables XVIII�XIX. Clearly, an in
reased purity of the top-quarkre
onstru
tion (Rt;t�re
 < 1:0) improves the H ! b�b re
onstru
tion (boththe mbb resolution and the a

eptan
e in the mass window). Consistently,an in
reased purity of the H ! b�b re
onstru
tion ( Rb;b�re
 < 1:0) improvesthe quality of the top-quark re
onstru
tion. These e�e
ts are also illustratedin Figs. 15 and 16.For the t�t+jets ba
kground events, the re
onstru
ted distributions ofm`�b, mjjb and mbb have di�erent features. Quality 
uts su
h as Rt;t�re
 < 1obviously improve the top-quark re
onstru
tion but have no e�e
t on thembb distribution as 
an be seen in Fig. 17.
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0 2 4 6Fig. 17. For fully re
onstru
ted t�t+jets ba
kground events and for the low lumi-nosity b-tagging performan
e, distributions of the re
onstru
ted masses, mbb, mjjband m`�b and of the distan
e Rt;t�re
. The results are shown for all events (solidhistogram) and for events with Rt;t�re
 < 1:0 for both top-quark de
ays (shadedhistogram).Although this �quality� 
uts 
annot be applied experimentally, they 
on-�rm the presen
e of 
orre
tly re
onstru
ted t!Wb de
ays in the signaland ba
kground events and of 
orre
tly re
onstru
ted H ! b�b de
ays in thesignal itself. They also 
on�rm that the observed mass peaks are not anartefa
t of the sele
tion pro
edure. This 
he
k is important sin
e, as shownin Tables XX�XXI, only � 60% of the H ! b�b de
ays in fully re
onstru
ted
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hter-W¡s, M. Sapi«ski TABLE XVIIIFor single top and top-quark pair re
onstru
tion in t�tH events for the b-tagging per-forman
e expe
ted at low luminosity, a

eptan
es, mass resolutions and fra
tionsof events inside and outside �2�mt .Sele
tion A

eptan
e �mt [GeV℄ Fra
tion Fra
tioninside �2�mt outside �2�mtSinglet! l�b 0.75 8.0�0.2 83% 17%Single t! jjb 0.80 7.5�0.2 80% 20%Both top quarks: 0.60t! l�b 0.60 8.6�0.2 83% 17%t! jjb 9.8�0.3 78% 22%Both withRt;t�re
 < 1:0: 0.26t! l�b 7.6�0.3 83% 17%t! jjb 7.9�0.4 80% 20%TABLE XIXFor H ! b�b re
onstru
tion in t�tH events and for the b-tagging performan
e ex-pe
ted at low luminosity, a

eptan
e, mass resolution and fra
tion of events insideand outside �2�mbb as a fun
tion of the �quality� 
uts 
hosen.Sele
tion A

eptan
e �mbb Fra
tion inside Fra
tion outside[GeV℄ �2�mbb �2�mbbb-jets mat
hing 1.0 20.0�1.5 45% 55%for t!Wbboth t!Wb 0.68 19.0�1.5 48% 52%in mass windowboth t!Wbin mass window 0.31 16.1�0.5 66% 34%Rt;t�re
 < 1:0both t!Wbin mass window 0.34 14.5�0.5 71% 29%Rb;b�re
 < 1:0t�tH events are re
onstru
ted in the 
hosen mass window. Even though thisrepresents an improvement of about a fa
tor 2 with respe
t to the resultsof [2℄, the purity for re
onstru
tion remains low be
ause of the 
ombinatorialproblems due to the large number of jets in the �nal state.
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ted numbers of signal and ba
kground events with a fully re-
onstru
ted t�tH, H ! b�b �nal state are given in Table XX for an integratedluminosity of 3 � 104 pb�1 and mH = 100 GeV as a fun
tion of the b-taggingperforman
e as taken from the Inner dete
tor TDR [8℄. The expe
ted ob-servability of this 
hannel depends strongly both on the b-tagging e�
ien
yand on the expe
ted reje
tion of 
-jets. Table XXI shows the expe
ted sig-nal and ba
kground rates for three di�erent values of the Higgs-boson massand for the low-luminosity b-tagging performan
e. As already observed in
ase of more in
lusive analysis dis
ussed in Se
tion 2, for a narrower masswindow the purity of the H ! b�b re
onstru
tion would be higher, while, forthe wider one 
hosen the signi�
an
e is better. For a Higgs-boson mass of100 GeV and an integrated luminosity of 3 � 104 pb�1, signi�
an
e of 5:0�is expe
ted for the low-luminosity b-tagging performan
e with a signal-to-ba
kground ratio of 0.41 and a signal purity of 60%. This situation is mu
himproved with respe
t to that des
ribed in [2℄ and in Se
tion 2. TABLE XXExpe
ted numbers of signal (S) and ba
kground (B) events, and signi�
an
es foran integrated luminosity of 3 � 104 pb�1 for mH = 100 GeV and mass windowmbb = mH � 30 GeV, and for various b-tagging e�
ien
ies and reje
tions usingevents with two re
onstru
ted top-quarks (see text)."b % 60 43 53 64.0 62.4"j % 1.0 0.46 1.1 3.1 1.1"
 % 10.0 9.2 14.9 23.8 14.9t�tH (total S) 61 31 50 82 71t�tZ 8 2 6 10 10Wjjjj 12 2 10 20 10ttjj 130 60 160 540 240Total B 150 64 176 570 260S/B 0.41 0.48 0.28 0.14 0.27S=pB 5.0 3.9 3.8 3.4 4.4SH!b�b=Stotal 0.64 0.63 0.57 0.54 0.59Fig. 18 shows the expe
ted summed signal+ba
kground distributionsfor m`�b, mjjb and for the low-luminosity b-tagging performan
e. The darkshaded histograms denote events for whi
h both the t! `�b and t! jjb de-
ays are re
onstru
ted inside the 
hosen mass window. Fig. 19 shows the ex-pe
ted summed signal+ba
kground distributions for mbb and for
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hter-W¡s, M. Sapi«ski TABLE XXISame as Table XX for the low-luminosity b-tagging performan
e and for threedi�erent values of the Higgs-boson mass.mH=80 GeV mH=100 GeV mH=120 GeVt�tH (total S) 81 61 40t�tZ 7 8 2Wjjjj 17 12 5t�tjj 121 130 120Total B 145 150 127S/B 0.56 0.41 0.32S=pB 6.7 5.0 3.6SH!b�b=Stotal 0.67 0.64 0.59
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Fig. 18. Expe
ted m`�b, mjjb distributions for the summed signal+ba
kgroundevents and for an integrated luminosity of 3 � 104 pb�1. The shaded histogramdenotes events for whi
h both top-quarks are re
onstru
ted inside the 
hosen masswindow.mH=100 GeV (left) and mH=120 GeV (right) for events for whi
h boththe t! `�b and t! jjb de
ays are re
onstru
ted inside the 
hosen masswindow. The solid histogram shows the summed signal+ba
kground dis-tribution, the light shaded histogram shows the ba
kground events alonewhile the dark shaded one shows the 
ontribution from H ! b�b de
ays. A
lean peak is visible above the ba
kground shape whi
h was not the 
ase ofthe earlier more in
lusive pro
edures (
ompare e.g. with the distributions inFig. 3).
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Fig. 19. Expe
ted mbb distributions for the summed signal+ba
kground eventsand for an integrated luminosity of 3 � 104 pb�1and for mH = 100 GeV (left) and120 GeV (right). The solid histogram denotes signal+ba
kground events for whi
hboth top-quarks are re
onstru
ted inside the 
hosen mass window, while the lightshaded histogram shows the ba
kground events and the dark shaded denotes trueH ! b�b de
ays. 4.1. The high luminosity 
aseAt high luminosity thresholds on the transverse energy of trigger leptonand of re
onstru
ted jets has to be raised and the mass resolution for thembbre
onstru
tion is degraded from �m = 19 GeV to �m = 22 GeV, with some-what redu
ed a

eptan
e, whereas the low-luminosity b-tagging e�
ien
y isexpe
ted to be redu
ed to "b = 50% for the same jet reje
tion. The a

ep-tan
e of the initial kinemati
al 
uts (higher transverse energy thresholds fortrigger lepton and re
onstru
ted jets) is redu
ed by 7 % for the signal eventsthemselves, but the purity of the re
onstru
tion remains more or less 
on-stant. As for the low-luminosity 
ase an in
rease of the mass window formbb,e.g. from � 1:5�m to � 2�m, improves slightly the signal�to�ba
kgroundratio and the statisti
al signi�
an
e, but redu
es the purity of the H ! b�bsignal in the mbb peak, owing to the larger 
ombinatorial ba
kground fromthe signal events themselves and therefore redu
es SH!b�b=Stotal.The expe
ted numbers of signal and ba
kground events for an integratedluminosity of 3 � 105 pb�1 are given in Table XXIV. A 5� signi�
an
e for anintegrated luminosity of 3 � 105 pb�1 is rea
hed for the Higgs-boson massessomewhat higher than mH=120 GeV. Fig. 20 shows the expe
ted summedsignal+ba
kground distributions for mbb and for mH=100 GeV for eventsfor whi
h both the t! `�b and t! jjb de
ays are re
onstru
ted insidethe 
hosen mass window. The solid histogram shows the summed sig-
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hter-W¡s, M. Sapi«ski TABLE XXIISame as Table XVIII for the b-tagging performan
e expe
ted at high luminosity.Sele
tion A

eptan
e �mt Fra
tion Fra
tion[GeV℄ inside �2�mt outside �2�mtSinglet! l�b 0.73 8.0�0.4 83% 17%Single t! jjb 0.83 7.8�0.3 79% 21%Both top quarks: 0.60 0.66t! l�b 9.0�0.4 83% 17%t! jjb 10.0�0.4 77% 23%Both withRt;t�re
 < 1:0: 0.26t! l�b 8.8�0.6 84% 16%t! jjb 8.9�0.7 77% 23%TABLE XXIIISame as Table XIX for the b-tagging performan
e expe
ted at high luminosity.Sele
tion A

eptan
e �mbb Fra
tion Fra
tion[GeV℄ inside �2�mbb outside �2�mbbb-jets mat
hing 1.0 22.0�0.6 45% 55%for t!Wbboth t!Wb 0.60 22.0�0.6 50% 50%in mass windowboth t!Wbin mass window 0.27 20.0�0.8 75% 25%Rt;t�re
 < 1:0both t!Wbin mass window 0.25 18.0�0.5 82% 18%Rb;b�re
 < 1:0nal+ba
kground distribution, the light shaded histogram shows the ba
k-ground events alone while the dark shaded one shows the 
ontribution fromH ! b�b de
ays. The ba
kground shape is slightly kinemati
ally shifted tohigher values of the mbb in respe
t to the low luminosity re
onstru
tion ashigher transverse momenta of re
onstru
ted jets are required in multi-jet�nal state. The expe
ted peak in the ba
kground distribution overlaps withthe resonant peak from Higgs of 100 GeV mass just giving a bit less 
learsignature for the signal itself than it is expe
ted for the low luminosity 
ase.
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h for the SM and MSSM Higgs Boson : : : 1037TABLE XXIVSame as Table XX for an integrated luminosity of 3 � 105 pb�1, a mass windowmbb = mH � 45GeV, the high luminosity b-tagging performan
e and three di�erentvalues of the Higgs-boson masses.mH=80 GeV mH=100 GeV mH=120 GeVt�tH(total S) 420 320 185t�tZ 40 40 15Wjjjj 105 45 30t�tjj 740 750 726Total B 885 835 771S/B 0.43 0.38 0.24S=pB 14.1 11.1 6.7SH!b�b=Stotal 0.57 0.53 0.50
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0 100 200 300 400Fig. 20. The same as Fig. 19 but for Higgs mass of 100 GeV and for an integratedluminosity of 3 � 105 pb�1.5. Observability of the t�th with h! b�b 
hannelin the MSSM Higgs se
torThe t�th/ Wh with h! b�b are very interesting but 
hallenging for Higgssear
hes in the MSSM model. Both the produ
tion and the de
ay pro
essesare des
ribed by tree-level Feynman diagrams, so they do not su�er from
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hter-W¡s, M. Sapi«skiany potential suppression fa
tors due to SUSY parti
les ex
hanged in vir-tual loops. Su
h suppression fa
tors might deteriorate the sensitivity to theh! 

 de
ay mode for e.g. light stop s
enarios, if this 
hannel is explored inthe loop-mediated gluon-gluon fusion produ
tion pro
ess, or, more generally,in light �01 s
enarios.The experimental observability of the h-boson in the MSSM model withh! b�b in ATLAS has been dis
ussed in [7℄ where the so-
alled 5�-dis
overy
ontour in the (mA, tan �) plane was drawn only for the Wh, h! b�b 
han-nel. The potential for the t�tH, H ! b�b 
hannel studied in [2℄ was ratherun
onvin
ing in terms of signal-to-ba
kground ratio and ba
kground shape.It was already suggested, however, that the 
omplete re
onstru
tion of thetop-quark de
ays in this 
hannel would most likely improve the situationsu�
iently to provide good sensitivity in the MSSM Higgs se
tor.

Fig. 21. In the (mA, tan�) plane des
ribing the MSSM Higgs se
tor, the 5�-dis
overy 
ontour 
urves for the Wh(left) and t�th(right) with h! b�b 
hannels, forintegrated luminosities of 3 � 104 pb�1(Wh and t�th) and 105 pb�1(t�th).The results shown in the previous Se
tion for the SM Higgs sear
h inthe t�tH, H ! b�b 
hannel with full �nal-state re
onstru
tion are in fa
t verypromising. In the MSSM 
ase, the rates are even somewhat enhan
ed withrespe
t to the SM 
ase, as dis
ussed in Se
tion 3.1 of [7℄. As shown inFig 21, a large fra
tion of the (mA, tan �) parameter spa
e 
an already be
overed with the t�th 
hannel for an integrated luminosity of 3 � 104 pb�1.For an integrated luminosity of 105 pb�1, this 
hannel alone would lead toh-boson dis
overy over most of the parameter spa
e. Fig. 21 also shows for
omparison the dis
overy potential for the Wh with h! b�b 
hannel. Thet�th 
hannel provides better sensitivity parti
ularly sin
e it 
an readily be
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t jet-veto 
uts needed to reje
t theba
kground as in the Wh 
hannel).The above results are obtained with the assumption, as in [7℄, that SUSYparti
les are heavy (� 1 TeV). It should be stressed however, that the ob-servability of this 
hannel will not be a�e
ted by the exa
t SUSY s
enario,provided that the h-boson de
ay mode to the LSP is kinemati
ally forbidden(m�01 > mh=2 GeV). 6. Con
lusionsIn this note the expe
ted potential of the ATLAS dete
tor at LHC fordis
overing a SM or MSSM Higgs boson in the t�tH, H ! b�b 
hannel hasbeen dis
ussed.For the SM sear
h, this 
hannel is interesting in the narrow but di�-
ult mass range above the LEP2 dis
overy limit and below 120�130 GeV.Requiring four b-tagged jets and a fully re
onstru
ted �nal state, a sig-nal signi�
an
e above 5� should be rea
hed for an integrated luminosity of3 � 104 pb�1 and for mH below 100 GeV. For an integrated luminosity of105 pb�1 the 5� sensitivity range extends to mH � 120 GeV and overlapswell with the region where the H ! 

 
hannel is a

essible.For the MSSM Higgs sear
h and for an integrated luminosity of 105 pb�1this 
hannel 
overs a very large fra
tion of the (mA, tan �) parameter spa
e.In parti
ular this 
hannel 
overs the small hole in the MSSM Higgs dis
overypotential expe
ted so far for the ATLAS experiment even after 
olle
ting anintegrated luminosity of 3 � 105 pb�1 [7℄.Provided that light Higgs boson de
ays to SUSY parti
les are kinemati-
ally forbidden, the sensitivity to this 
hannel 
annot be degraded by otherSUSY parti
les (no loops present neither in the produ
tion nor in the de-
ay pro
ess). However, dis
overy in this 
hannel alone would not allow todisentangle between the SM and MSSM Higgs s
enarios.Finally this 
hannel will be a

essible only if ex
ellent b-tagging perfor-man
e is a
hieved by the ATLAS dete
tor. A better understanding of thepotential of this 
hannel requires more detailed simulations of the expe
teddete
tor performan
e both in terms of the multi-jet re
onstru
tion and ofthe b-tagging performan
e (espe
ially at high luminosity).The idea of exploring the full re
onstru
tion of the �nal state in this
hannel is originates from D. Froidevaux to whom authors are greatly in-debted as well as for many valuable 
omments and suggestions on this study.
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