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Prospe
ts for the Observability : : : 19751. Introdu
tionIf the mass of the Standard Model Higgs boson is lighter than 2 mWthe H ! b�b de
ay mode is dominant with a bran
hing ratio of � 90%. Theobservation of su
h a 
hara
teristi
 signature would be important for boththe Higgs boson dis
overy and for the determination of the nature of anyresonan
e observed in this mass region. Sin
e the dire
t produ
tion, gg ! Hwith H ! b�b, 
annot be e�
iently triggered nor extra
ted as a signal abovethe huge QCD two-jet ba
kground, the asso
iated produ
tion with a W -or Z-boson or a t�t pair remains as the only possible pro
ess to observe asignal from the H ! b�b de
ays. The �nal state of the de
aying Z or W(produ
ed dire
tly or from t�t) might provide a handle to extra
t a signalabove the overwhelming QCD ba
kground, thanks to the isolated lepton orlarge missing energy in the �nal state.Prospe
ts for the H ! b�b observability in the asso
iated produ
tion witha W or a t�t pair have been dis
ussed already in several do
uments of theATLAS Collaboration [1, 4℄. The produ
tion in asso
iation with a top pair,t�tH has been established as a valuable dis
overy 
hannel [5℄, while the sen-sitivity to the WH produ
tion, studied already in [6℄, has been 
on�rmedre
ently [3℄ to be rather weak.The ZH produ
tion has not been studied in details before by the ATLASCollaboration as it is not 
onsidered as having a dis
overy potential [1℄. Withthe Z ! `` de
ay, leading to the ``bb signature, it would provide initialrates whi
h are about six times lower than the WH rates. The signal-to-ba
kground ratio is not expe
ted to be signi�
antly better, 
ompared tothe WH 
hannel [3℄. With the Z ! �� de
ay, leading to the EmissT + b�bsignature, it would be di�
ult to trigger e�
iently on. In addition, it wouldsu�er from potentially very large experimental ba
kgrounds given the ratherlow average missing energy, EmissT , expe
ted for the signal events.Sin
e this last 
hannel has been dis
arded as a promising one at theLHC, it is important to understand why it is dis
ussed as a sensitive oneat the upgraded Tevatron [2℄. Although some 
lear advantages might 
omefrom the redu
ed 
enter-of-mass energy (events being more 
entral at lowerenergy, less hadroni
 a
tivity in the event, relative magnitude of the initial t�t
ross-se
tion), it is obvious that for the same assumed integrated luminositythe expe
ted rates would be substantially lower at the Tevatron than at theLHC.In this paper the WH=ZH asso
iated produ
tion with EmissT + bb signa-ture is studied. A rather detailed evaluation of the signal and ba
kgroundis presented �rst for the LHC environment and then a detailed 
omparisonof the 2 TeV p�p and 14 TeV pp s
enarios is 
arried out. Parti
ular emphasisis put on the understanding and evaluation of the QCD ba
kground to this
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hter-W¡ssignature. An attempt is also made to break down the di�eren
es in thenumbers estimated here for the expe
ted signal and ba
kground rates andthose spe
i�ed in the Tevatron report [2℄.2. Expe
ted produ
tion ratesThe studied signature 
onsists of two identi�ed b-jets a

ompanied bythe missing transverse energy. The irredu
ible ba
kground 
omes fromthe pro
esses with the true isolated missing energy from W or Z de
ays.However, the key point for the observation of this 
hannel is the 
apabilityto suppress the potentially several order of magnitudes larger QCD ba
k-ground with fake or true missing transverse energy.Table I shows the produ
tion 
ross-se
tions for the signal and variousreferen
e ba
kgrounds as 
al
ulated with PYTHIA 5.7 Monte Carlo andCTEQ2L stru
ture fun
tions. Although this parametrisation for the stru
-ture fun
tions is a bit outdated, it 
an still be used for the ben
hmark-like
omparison as presented in this paper. The H;Z ! b�b, W ! l�(l = e; �)and Z ! �� bran
hing ratios are in
luded. The W+jet, Z+jet and QCD
ross-se
tions are quoted for the hard pro
ess transverse momenta, phardT , ina spe
i�ed ranges. To this signature also events from Z ! �� and W ! ��would 
ontribute signi�
antly. These are in
luded in the �nal estimates ofthe expe
ted rates.The dominant un
ertainties on the expe
ted rates arise from the higherorder 
orre
tions and, to a smaller extend, from the stru
ture fun
tion pa-rameterisation. A larger un
ertainty is expe
ted for W+jet and Z+jet pro-du
tion as the multijet �nal state is generated with the parton shower ap-proa
h only (see also dis
ussion in [3℄).In all 
ases the Monte-Carlo statisti
s used in this study is very high.Typi
ally 105 events were simulated for ea
h ba
kground pro
ess while in the
ase of the W+jet, Z+jet pro
esses, 5 � 106 events were simulated in ea
hphardT range. For the QCD ba
kground around 108 events were simulated intotal, sampled with grids in phardT of 5 GeV and 10 GeV.As shown in Table I, signal and resonant ba
kground 
ross-se
tions arealmost fa
tor 10 higher in 14 TeV pp 
ollision. In
lusive rates for Z+jet,W+jet and QCD produ
tion are also higher by a 
omparable fa
tor and theratio in
reases with rising threshold on the transverse momenta of the hards
attering pro
ess.



Prospe
ts for the Observability : : : 1977TABLE IProdu
tion 
ross-se
tions for the ZH =WH signal and ba
kground pro
esses lead-ing to the EmissT + b�b �nal state signature in the 14 TeV pp and 2 TeV p�p 
ollision.Bran
hing ratios of Z ! ��, W ! `� (l = e; �) and H ! b�b are in
luded.pp at 14 TeV p�p at 2 TeV RatioPro
ess � [pb℄ � [pb℄ZH, mH = 100 GeV 0.21 0.023 10(with Z ! ��)WH , mH = 100 GeV 0.40 0.042 10(with W ! `�)ZZ 0.69 0.060 10(with one Z ! ��)WZ 0.86 0.083 10(with W ! `�)t�t 228 2.62 87(with at least one W ! `�)tq 44.4 0.565 78(with W ! `�)Z + jet(with Z ! ��)phardT = 10�30 GeV 3:4� 103 2:8� 102 12phardT = 30�50 GeV 8:3� 102 5:3� 101 16phardT = 50�100 GeV 5:1� 102 2:4� 101 21phardT = 100�200 GeV 1:1� 102 3:2� 100 34phardT => 200 GeV 1:3� 101 0:1� 100 100W + jet(with W ! `�)phardT = 10�30 GeV 1:1� 104 9:7� 102 11phardT = 30�50 GeV 2:7� 103 1:7� 102 16phardT = 50�100 GeV 1:5� 103 7.4 �101 20phardT = 100�20 GeV 3:2� 102 8:3� 100 38phardT => 200 GeV 3:5� 101 0:3� 100 130QCD jetsphardT = 10�30 GeV 5:9� 109 5:0� 108 12phardT = 30�50 GeV 1:3� 108 1:0� 106 24phardT = 50�100 GeV 2:1� 107 5:8� 105 36phardT = 100�200 GeV 1:4� 106 1:7� 104 82phardT => 200 GeV 7:4� 104 2:2� 102 340



1978 E. Ri
hter-W¡s3. Simulation pro
edure and sele
tion 
riteriaIn the �rst step, signal andW; Z, t�t originated ba
kgrounds are analysedwith the sele
tion whi
h would be adequate to extra
t a signal above theirredu
ible and redu
ible ba
kgrounds with true isolated missing energy fromheavy bosons de
ay to neutrinos. Su
h a sele
tion is not su�
ient to suppressthe redu
ible QCD ba
kground. A 
omplementary sele
tion 
riteria, whi
hmight reje
t some fra
tion of the huge redu
ible ba
kground and still remainse�
ient for the signal events are dis
ussed in Se
tion 4.6.The standard sele
tion 
riteria for the EmissT + b�b �nal state, as denotedin Tables1 below, are the following ones:� EmissT : The missing transverse energy, 
al
ulated from the total sumof the deposited energies, is required to be larger than 30 GeV.� �LVL1� sele
tion: At present no stand-alone EmissT trigger is foreseenwith LHC. There, it is proposed only the 
ombined EmissT + jet trig-ger, whi
h also requires presen
e of a hard-pT jet. Presently, the trig-ger threshold foreseen by the LVL1 trigger menu of ATLAS [10℄ isEmissT > 50 GeV. It has to be a

ompanied by at least one hard jetwith pjetT > 50 GeV and j�j < 3:2. In the results presented below,trigger e�
ien
y is not in
luded and the thresholds are set on the jetstransverse momenta and missing transverse energy re
onstru
ted fromthe fast simulation.� 2b-jets: 2b-labelled jets with2 pT>25GeV and pseudorapidity j�j< 2:5.� Jet-veto: Veto events with any additional jet of pT > 30 GeV andj�j < 5:0.� Lepton-veto: Veto events with an isolated lepton with pT > 6 GeV andj�j < 2:5 GeV.� Mass window: Is 
hosen as respe
tive for the resolution �=10% mH ,namely the window mbb = 100� 20 GeV. A

eptan
e in the mass win-dow is of 85% for signal events and 73% for resonant ZZ=WZ ba
k-grounds. This 
an be 
onsidered as realisti
, as the a

eptan
e of 82%in the mass window 100 � 20 GeV was a
hieved for signal events1 In the Tables whi
h show 
umulative a

eptan
e, the a

eptan
e in the mbb masswindow and b-tagging e�
ien
y is not in
luded neither for signal nor for the ba
k-grounds. This a

eptan
e and e�
ien
y are in
luded in Tables whi
h give expe
tednumber of events for an integrated luminosity of 30 fb�1.2 This threshold is set on the re
alibrated jets energies [3℄. It 
orresponds to 10 GeVthreshold on the 100% e�
ient 
alorimeter re
onstru
tion in 
one �R = 0:4 and15 GeV threshold after applying Gaussian smearing with 50%=pE resolution [11℄.



Prospe
ts for the Observability : : : 1979with the full simulation and sele
tion without jet veto [1℄. As dis-
ussed in [3℄, jet-veto leads to better a

eptan
e inside mass window,as events with abundant radiation are not passing this sele
tion.� b-tagging: A nominal b-tagging e�
ien
y of 60% with a reje
tion of10 and 100 against 
-jets and light-jets respe
tively is adopted. Someindi
ation on the impa
t of the pT and j�j dependen
e of the b-tagginge�
ien
y on the signal observability 
an be found in [1, 8℄.4. Signal and ba
kgrounds in 14 TeV pp 
ollision4.1. ZH and WH signalsCumulative a

eptan
es for signal events from the ZH andWH produ
-tion pro
esses are given in Table II and the expe
ted number of events foran integrated luminosity of 30 fb�1 are shown in Table III. TABLE IIFor signal events, expe
ted 
umulative a

eptan
es of the sele
tion 
riteria. Theb-tagging e�
ien
y and a

eptan
e in the mass window are not in
luded.Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
e ZH , Z ! ��EmissT + lepton veto 77.3% 49.4%+ 2 b-labelled jets 31.2% 22.3%+ jet veto 30 GeV 15.2% 10.5%ZH , Z ! ��EmissT + lepton veto 26.3% 10.4%+ 2 b-labelled jets 9.3% 4.2%+ jet veto 30 GeV 0.8% 0.4%WH , W ! ��EmissT + lepton veto 52.3% 26.7%+ 2 b-labelled jets 19.8% 12.1%+ jet veto 30 GeV 4.2% 2.3%WH , W ! `�EmissT + lepton veto 16.3% 7.2%+ 2 b-labelled jets 4.0% 2.7%+ jet veto 30 GeV 1.2% 0.7%



1980 E. Ri
hter-W¡s TABLE IIIFor an integrated luminosity of 30 fb�1, expe
ted number of events from the ZHand WH signal inside the mass window, after all 
uts and in
luding nominalb-tagging e�
ien
y.Pro
ess EmissT > 30 GeV �LVL1� sele
tionNo jet veto With jet veto No jet veto With jet vetoZH with Z ! �� 601 293 430 202ZH with Z ! �� 29 3 13 1WH with W ! �� 363 77 222 42WH with W ! `� 147 44 99 25Total signal 1140 417 764 270The sele
tion 
riteria are 
hosen to redu
e the W ! `� originated ba
k-ground with lepton-veto and the W ! ��, Z ! �� originated ones withjet-veto. E�e
tively, the a

eptan
e for signal events is more than 3 timeshigher for the asso
iated produ
tion with W ! �� than with W ! `� pro-du
tion. For the asso
iated produ
tion with Z ! �� a

eptan
e is very low.Depending on the details of the sele
tion 
riteria, see Table III, the ZHwith Z ! �� 
hannel 
ontributes around 50% (no jet-veto) or 70% (withjet-veto) to the total signal rates. Signi�
ant 
ontribution, respe
tively 32%or 18%, 
omes also from the WH with W ! �� 
hannel.4.2. ZZ and WZ resonant ba
kgroundsThe a

eptan
e for the sele
tion 
riteria is somewhat lower for the reso-nant WZ and ZZ 
hannels than for the respe
tive signal pro
esses.The total number of expe
ted events inside the mass window is almost 2times higher than from the signal itself. E�e
tively, the presen
e of the signalwill broader and in
rease the resonant mass peak expe
ted from the ZZand WZ events, as already dis
ussed in [3℄ for `b�b and ``b�b signatures. The
apability for extra
ting Higgs signal peak itself would relay on the 
apabilityfor the 
alibration of the resonant and 
ontinuum ba
kgrounds with the dataand Monte Carlo simulations. The un
ertainties from systemati
 errors willbe limited by the availability of 
ontrol 
hannels.



Prospe
ts for the Observability : : : 1981TABLE IVThe same as Table II but for ZZ and WZ events.Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
e ZZ with Z ! ��EmissT + lepton veto 68.5% 37.1%+ 2 b-labelled jets 24.5% 15.0%+ jet veto 30 GeV 12.0% 6.9%ZZ with Z ! ��EmissT + lepton veto 20.7% 7.0%+ 2 b-labelled jets 6.8% 2.6%+ jet veto 30 GeV 0.7% 0.3%WZ with W ! ��EmissT + lepton veto 49.7% 21.4%+ 2 b-labelled jets 16.5% 8.4%+ jet veto 30 GeV 3.9% 2.1%WZ with W ! `�EmissT + lepton veto 17.9% 6.9%+ 2 b-labelled jets 5.8% 2.6%+ jet veto 30 GeV 1.8% 0.9% TABLE VThe same as Table III but for ZZ and WZ events.Expe
ted EmissT > 30 GeV �LVL1� sele
tionevents No jet veto With jet veto No jet veto With jet vetoZZ with Z ! �� 1370 670 840 385ZZ with Z ! �� 60 10 25 5WZ with W ! �� 580 135 295 70WZ with W ! `� 400 125 180 60Total reson. bgd 2410 940 1340 520
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hter-W¡s4.3. Zjj and Wjj 
ontinuum ba
kgrounds� Zjj 
ontinuum ba
kgroundThe Zjj ba
kground has been simulated using gq ! Z + q, q�q ! Z + gmatrix element 
al
ulations and parton shower, as implemented in PYTHIAMonte Carlo. As already dis
ussed in [3℄, the dominant gg ! Zb�b 
ontribu-tion is realised through the evolution of the stru
ture fun
tions and not bythe matrix element 
al
ulations. The results presented below are thereforevery likely underestimating the 
ontribution from this subpro
ess. A moredetailed dis
ussion on the heavy �avour 
omposition of this ba
kground isgiven in [3℄. The fra
tion of the Zbb events in the total Zjj ba
kgroundvaries with the sele
tion 
riteria, rea
hing � 90% for the �LVL1� sele
tionwith jet-veto. TABLE VIFor the Zjj events, 
umulative a

eptan
e for events already �ltered on 2 re
on-stru
ted jets in j�j < 2:5 and on the transverse missing energy EmissT > 30 GeV.The a

eptan
e is given for merged together samples generated in di�erent phardTbins. Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
eEmissT + lepton veto (�lter) 82.2% (�lter) 59.4%+ 2 b-labelled jets �lter �lter+ jet veto 30 GeV 23.9% 15.7%Only the Zjj with Z ! �� ba
kground was simulated. The additional
ontribution from Zjj events with Z ! �� was estimated assuming thatthe ratio of the a

eptan
es for these two 
hannels is similar to those for theZZ ba
kground. The 
ontribution to the total Zjj ba
kground would betherefore 5% (resp. 1%) for sele
tion without jet-veto (resp. with jet-veto) ofthe ba
kground from the Zjj with Z ! ��. As nevertheless the mu
h largerun
ertainties are related to the estimation of the total Zjj ba
kground, theZ ! �� 
ontribution is negle
ted in the further evaluation.After all sele
tion 
uts, the fra
tion of the Zbb events in the a

epted Zjjsample is systemati
ally higher than that fra
tion in the ``b�b analysis [3℄.� Wjj 
ontinuum ba
kgroundSimilarly to the Zjj 
ase, also this ba
kground was simulated using aparton shower approa
h in PYTHIA. More detailed dis
ussion on the jets�avour 
omposition and 
omparison with the matrix element (ME) 
al
ula-tions for the q�q !Wbb subpro
esses 
an be found in [3℄. After all sele
tion
uts, the fra
tion of the Wbb events in a

epted Wjj sample is systemati-
ally higher than in the 
ase of the `b�b analysis [3℄.



Prospe
ts for the Observability : : : 1983Only the Wjj with W ! `� ba
kground was simulated. The additional
ontribution from the Wjj events with W ! �� was estimated with theassumption that the ratio of a

eptan
es for these two 
hannels is similar tothe respe
tive ratio for the WZ ba
kground with the W ! �� and W ! `�de
ays. TABLE VIIThe same as Table II but for W+jet events (W ! `�) already �ltered on 2 re-
onstru
ted jets with j�j < 2:5. A

eptan
e is given for merged together samplesgenerated in di�erent phardT bins.Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
eEmissT + lepton veto 17.2% 10.9%+ 2 b-labelled jets �lter �lter+ jet veto 3.0% 2.1%� Total 
ontinuum ba
kground from Zjj and Wjj eventsThe total 
ontinuum ba
kground is dominated by the true Wb�b and Zb�bevents. TABLE VIIIThe same as Table III but for Zjj and Wjj events.Expe
ted EmissT > 30 GeV �LVL1� sele
tionevents No jet veto With jet veto No jet veto With jet vetoZjj with Z ! ��bb 25000 14000 13300 7000(jb; j
; b
; 

; jj) 2700 1800 1700 800Wjj with W ! ��bb 8600 1600 3700 1100(jb; j
; b
; 

; jj) 2200 700 900 300Wjj with W ! `�bb 6000 1500 2300 1000(jb; j
; b
; 

; jj) 1500 600 600 200
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hter-W¡s4.4. Top pair and single top ba
kground� Top pair ba
kgroundThis 
hannel results in a WWb�b �nal state. The de
ays W ! �� orW ! `� lead to the true missing energy. The 
ombination of the lepton-vetoand jet-veto leads to a huge reje
tion for this ba
kground. The 
umulativea

eptan
e, as shown in Table IX, is 0.16% for W ! �� and 0.09% forW ! `� de
ays of at least one W from the top-pair. For example, thereje
tion of events with aW ! `� is fa
tor 20 higher than in the `b�b analysis(see Se
tion 2 of [3℄). After jet-veto, the expe
ted ba
kground from the t�tevents is at most only fa
tor 2 higher than the expe
ted signal itself. Thisba
kground therefore will not be the severe one for the EmissT + b�b signature.TABLE IXFor the t�t ba
kground, 
umulative a

eptan
es of the sele
tion 
riteria.Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
e at least one W ! ��EmissT + lepton veto 47.9% 34.3%+ 2 b-labelled jets 27.0% 19.5%+ jet veto 30 GeV 0.16% 0.13%at least one W ! `�EmissT + lepton veto 12.4% 8.7%+ 2 b-labelled jets 6.5% 4.6%+ jet veto 30 GeV 0.09% 0.06%� tb; t
 
ontinuum ba
kgroundThis 
hannel results in a Wb �nal state with an additional b; 
 or lightquark from the hard pro
ess. The de
ays W ! �� or W ! `� lead to thetrue transverse missing energy. Combination of the lepton-veto and jet-vetoleads to a huge reje
tion. The 
umulative a

eptan
e, as shown in Table X,is 0.4% forW ! �� and 0.15% forW ! `� de
ays for events already �lteredon the presen
e of at least 2 b- or 
- labelled jets. For example, the reje
tionof the W ! `� events is a fa
tor of 17 higher than in the `b�b analysis (seeSe
tion 2.3. of [3℄). With the jet-veto being applied, expe
ted numberof the tb, t
 events is almost 8 times lower than the expe
ted number ofsignal events. This ba
kground is more than a fa
tor 15 smaller than the t�tba
kground and 
ontribute marginally to the ba
kgrounds for the EmissT + b�bsignature.



Prospe
ts for the Observability : : : 1985� W � ! tb ba
kgroundThis 
hannel results in a Wb�b �nal state. The de
ays W ! �� orW ! `� lead to a presen
e of the true missing energy. Combination ofthe lepton-veto and jet-veto leads to the huge reje
tion fa
tor for this 
han-nel. This ba
kground was generated with HERWIG Monte Carlo and onlythe W ! `� de
ay mode 
ould be simulated with the available version. Toestimate theW ! �� 
ontribution it was assumed that this 
hannel behavessimilarly to the tb, t
 one, see Table X, so that the a

eptan
e before jet-vetois higher by fa
tor 4.7 and after jet-veto by fa
tor 2.7 for the W ! �� withrespe
t to the W ! `� �nal state. TABLE XFor the single top produ
tion, 
umulative a

eptan
es of the sele
tion 
riteria forevents already �ltered on at least 2 b- or 
-labelled jets.Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
e W ! ��EmissT + lepton veto 57.7% 34.5%+ 2 b-labelled jets 27.1% 17.2%+ jet veto 30 GeV 0.4% 0.2%W ! `�EmissT + lepton veto 11.2% 6.4%+ 2 b-labelled jets 5.8% 3.3%+ jet veto 30 GeV 0.15% 0.08% TABLE XIFor the W � ! tb pro
ess with W ! `�, 
umulative a

eptan
es of the sele
tion
riteria. Cumulative EmissT > 30 GeV �LVL1� sele
tiona

eptan
eEmissT + lepton veto 19.0% 10.5%+ 2 b-labelled jets 7.4% 4.6%+ jet veto 30 GeV 2.0% 1.2%



1986 E. Ri
hter-W¡s TABLE XIIThe same as Table III but for the single and top-pair produ
tion.Expe
ted EmissT > 30 GeV �LVL1� sele
tionevents No jet veto With jet veto No jet veto With jet vetot�tWith W ! �� 72500 340 52500 270With W ! `� 32500 440 23500 270Total 105000 780 76000 540W � ! tbWith W ! �� 440 30 280 20With W ! `� 210 60 130 40Total 650 90 410 60tb; t
 
ontinuumWith W ! �� 1600 30 970 15With W ! `� 700 20 330 5Total 2300 50 1300 20Cumulative a

eptan
e, as shown in Table XI, is of 2.0% for theW ! `�de
ay mode. Reje
tion for these events is therefore fa
tor 11 higher than inthe `b�b analysis (see Se
tion 2.3.3 of [3℄). After jet-veto, expe
ted numberof the W � ! tb events is fa
tor 4 smaller than the expe
ted number of thesignal events. This ba
kground will therefore 
ontribute marginally to theba
kgrounds for the EmissT + b�b signature.Table XII shows summary on the expe
ted ba
kground from the topevents.4.5. Total signal and W; Z, single t and top-pair ba
kgroundsThe expe
ted number of signal and ba
kground events with Z or W inthe �nal state is given in Table XIII for the sele
tion without and with the jetveto. If the total ba
kground to this 
hannel were dominated by the eventswith true transverse missing energy, E�T, from W or Z de
ays, a sensitivityof 3� only 
ould be expe
ted for an integrated luminosity of 30 fb�1. Thesuppression of the single top and the t�t ba
kgrounds with jet-veto leads to a



Prospe
ts for the Observability : : : 1987more favourable signal-to-ba
kground ratio. This sele
tion 
an probably beoptimised even further. The signal-to-resonant-ba
kground ratio, here only1 : 2, is however less favourable than for the `bb signature. Obviously thejet-veto 
ombined with the lepton-veto suppresses more e�
iently the Wjjthan Zjj ba
kgrounds. Just, with the jet-veto at 30 GeV, the Zbb 
hannelwith Z ! �� be
omes the dominant ba
kground sour
e with the real E�Tfrom W or Z produ
tion. TABLE XIIIFor an integrated luminosity of 30 fb�1, expe
ted number of signal and ba
kgroundevents after all 
uts. The nominal b-tagging e�
ien
y is assumed. The Z ! ��,Z ! �� , W ! `� and W ! �� de
ays are in
luded.Pro
ess EmissT > 30 GeV �LVL1� sele
tionNo jet veto Jet veto 30GeV No jet veto Jet veto 30GeVZH 630 296 443 203WH 510 121 321 67Total signal 1140 417 764 270ZZ 1430 680 865 390WZ 980 260 475 130Res. bgd (W; Z) 2410 940 1340 520tt 105000 780 76000 540single t 2950 140 1700 80Zjj (bb) 25000 14000 13300 7000Zjj (other) 2700 1800 1700 800Wjj (bb) 14600 3100 6000 2100Wjj (other) 3700 1300 1500 500Cont. bgd (W,Z,t,t�t) 154000 21000 100000 11000Total bgd (W;Z; t;t�t) 156000 22000 101000 11500S=pB(W;Z; t;t�t) 2.9 2.8 2.4 2.5S=B(W;Z; t;t�t) 0.7% 1.9% 0.7% 2.3%4.6. The QCD 
ontinuum ba
kgroundThe QCD 
ontinuum ba
kground has an initial 
ross-se
tion whi
h is sev-eral orders of magnitude higher than that for the other ba
kground pro
esses(e.g. 106 times higher than Z+jet and 105 times higher than W+jet 
ross-se
tions). The in
lusive produ
tion of the b�b events themselves is of the order



1988 E. Ri
hter-W¡sof 500 �b [1℄. Missing energy in su
h events would mainly 
ome from themismeasured jets and from the limited a

eptan
e of the dete
tor. A quitesigni�
ant fra
tion would 
ome however also from the leptoni
 de
ays insidejets. For example, in the QCD b�b events �ltered on the EmissT > 30 GeV,around 38% of the events 
ontain true missing energy E�T > 30 GeV.To suppress more e�
iently the QCD ba
kground the additional sele
-tion 
riteria requiring isolation of the re
onstru
ted transverse missing en-ergy, ��(EmissT ; jet) > 0:5, is used.In the following, the QCD ba
kground and the ZH signal (as a 
ontrolsample), are analysed with this additional sele
tion requirement. For thisanalysis the sele
tion 
riteria have been applied in di�erent order than that inthe analysis presented in the previous se
tions. It allows to study separatelythe a

eptan
es for the jet- and lepton-veto and for the EmissT isolation.The a

eptan
e of the initial sele
tion 
riteria, as shown already inTable II, is 15.2% (with jet-veto) for ZH signal events with Z ! �� andH ! b�b. It in
ludes the e�
ien
y of the event sele
tion with EmissT > 30 GeV( 77%), b-jets labelling (40%) and jet-veto (49%). In almost 100% of the
ases the events have true missing energy, E�T, above 30 GeV. For 
om-parison with the QCD ba
kground dis
ussed in the following, Table XIVshows the expe
ted numbers of b-labelled signal events as a fun
tion of theEmissT threshold. Spe
i�ed are numbers of expe
ted events after sequentiallyapplied sele
tion.After additional sele
tion 
riteria, as spe
i�ed in Table XIV, and afterapplying b-tagging e�
ien
y and a

eptan
e in the mass window, around 238events would be expe
ted for the EmissT > 30 GeV threshold, see Table XX. Ifthis threshold was raised to 50 GeV expe
ted number of signal events wouldbe redu
ed to 179. TABLE XIVThe expe
ted number of signal eventsZH with Z ! �� for an integrated luminosityof 30 fb�1 and inside the mass window mbb = 100� 20 GeV. b-tagging e�
ien
y isnot in
luded. Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeV2 b-labelled jets 1480 1382 1305 1133��(EmissT ; j) > 0:5 1244 1171 1111 983Jet-veto 662 616 579 498Lepton-veto 660 614 578 497



Prospe
ts for the Observability : : : 1989The 
ontribution from the QCD ba
kground events was estimated fromsamples of the dire
t heavy �avour produ
tion, gg; q�q ! b�b, and from theQCD di-jet produ
tion. The sample of the gg; q�q ! b�b was used as a 
on-trol sample as it is giving a lower limit on the expe
ted ba
kground. Thegg; q�q ! b�b produ
tion 
an be generated mu
h more e�
iently than thein
lusive QCD! b�b ba
kground3. In fa
t, a 
onsisten
y 
he
k was also per-formed for the gg; q�q ! b�b 
ontribution estimated from the in
lusive QCDevents and from a dedi
ated sample of the gg; q�q ! b�b events. Initial 
ross-se
tions for these two samples are given in Table XV for ea
h phardT bin.Tables XVI and XVII show the 
umulative a

eptan
es of the sele
tion 
ri-teria for di�erent types of QCD events.Only events with phardT > 30 GeV were analysed for both QCD! b�band gg; q�q ! b�b. This was 
aused by the limited available CPU, given theextremely low a

eptan
e for the in
lusive QCD events generated in the lowerrange of phardT . In the low phardT range, suppressing the 
ross-se
tion for theQCD ba
kground to the level of the signal itself would require establishinga reje
tion of � 1010. Su
h studies would therefore require simulating atleast � 1011 events. They have been nevertheless feasible for the gg; q�q ! b�bsample where the required statisti
s was of 107 only. In fa
t, the 
ontributionfrom the phardT = 10�30 GeV range is found to be the dominant one for thetotal gg; q�q ! b�b ba
kground. Table XVIII shows the expe
ted numberof events as a fun
tion of the su

essive sele
tion and the di�erent EmissTthresholds, applied to the gg; q�q ! b�b events generated in the phardT = 10�30 GeV range.Expe
ted number of ba
kground events, estimated from samples gener-ated with phardT > 30 GeV for the in
lusive QCD di-jet and for the gg; q�q !b�b pro
esses, is given in Table XIX. For the �nal estimates on the numberof expe
ted events it was assumed that in the range phardT = 10�30 GeVthe dire
t gg; q�q ! b�b produ
tion 
ontributes 20% to the total QCD ! b�bevents ( as it is in the 
ase of the phardT > 30 GeV range). The numbersobtained for the gg; q�q ! b�b subsample were therefore res
aled a

ordingly.The a

eptan
e of the 20�30% was estimated for the spe
i�ed mass window,mbb = 100 � 20 GeV.The total QCD ba
kground is dominated by the true b�b events. However,
ontribution from the dire
t heavy �avour produ
tion, gg; q�q ! b�b, is only onthe level of 20% (this 
ontribution is of 30% for the in
lusive b�b produ
tion).Around 1-3% of the sele
ted events have true missing energy, E�T, above30 GeV.3 Here we mean in
lusive QCD events where parton shower leads to the presen
e ofthe heavy quarks in the event.



1990 E. Ri
hter-W¡s TABLE XVProdu
tion 
ross-se
tions for the QCD ba
kground pro
esses.QCD ! jj gg; q�q ! b�b� [pb℄ � [pb℄phardT = 10�30 GeV 5:9� 109 1:7� 107phardT = 30�50 GeV 1:3� 108 4:6� 105phardT = 50�100 GeV 2:1� 107 8:0� 104phardT = 100�200 GeV 1:4� 105 6:9� 102phardT => 200 GeV 7:4� 104 2:6� 102 TABLE XVIFor the di�erent produ
tion pro
esses, 
umulative a

eptan
es of the sele
tion 
ri-teria (after initial sele
tion). Question marks indi
ate that available statisti
s wasnot su�
ient to give estimate on the a

eptan
e.Cumulative a

eptan
e gg; q�q ! bb QCD! bb QCD! jb QCD! jjEmissT > 30 GeV2 labelled jets 100% 100% 100% 100%��(EmissT ; j) > 0:5 13.8% 21% 37% 70%jet-veto 6.9% 7.6% 9.3% �??�lepton-veto 6.5% 7.0% 6.9% �??�TABLE XVIIFor the di�erent produ
tion pro
esses, a

eptan
es of the EmissT threshold (afterinitial sele
tion).A

eptan
e gg; q�q ! bb QCD! bb QCD! jb QCD! jjEmissT > 30 GeV 100% 100% 100% 100%EmissT > 35 GeV 48% 47% 47% 40%EmissT > 40 GeV 25% 25% 23% 15%EmissT > 50 GeV 7.5% 7.6% 6.3% 2.2%



Prospe
ts for the Observability : : : 1991TABLE XVIIIFor an integrated luminosity of 30 fb�1, the expe
ted number of gg; q�q ! b�b eventsfrom the sample generated with phardT = 10�30 GeV. b-tagging e�
ien
y and masswindow a

eptan
e are not in
luded. In parenthesis given is fra
tion of events withthe true missing energy E�T > 30 GeV. Indi
ated are also statisti
al errors of thegiven estimates.Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeVbb-lab. pair 49 � 1.9 18 � 1.1 5.5 � 0.7 0.4 � 0.2(106) (9 � 1% ) (17 � 3% ) ( 25 � 6%) (33 � 23%)��(EmissT ; j) > 0:5 22 � 1.3 8.2 �0.8 2.8 � 0.4 0.22 � 0.13(106) ( 0.3 � 2.5%) ( 14.5 � 1.5%) ( 4.9 � 0.9%) ( �??� )jet-veto 19 �1.2 7.1 � 0.7 2.4 � 0.4 0.15 � 0.1(106) (39 � 2.5%) ( 14.5 � 1.5%) ( 4.9 � 0.9%) ( �??� )lepton-veto 15 � 1.0 5.6 � 0.6 1.8 � 0.4 0.15 � 0.1(106) ( 30 � 2%) ( 1 � 1%) ( �??�) ( �??�)
From the study presented above the following estimates on the expe
tedba
kgrounds 
an be extra
ted, in
luding a

eptan
e inside mass window andnominal b-tagging e�
ien
y, for the sele
tion threshold EmissT> 35 GeV:� The 
ontribution from the gg; q�q ! b�b hard pro
ess resulting with2 b-tagged jets in the �nal state is (0:7 � 0:05) � 106 events. Notethat 
ontributions listed in Tables XVIII and XIX have been added.At most few per
ent of them have true E�T > 30 GeV.� The total QCD di-jet 
ontribution from gg; gq; q�q ! q�q; gg; gq pro-
esses to the ba
kground events with two b-labelled jets in the �nalstate (from hard pro
ess or parton shower) is mu
h higher. On theprodu
tion level is higher only by fa
tor 3, however after sele
tion, asspe
i�ed above, is higher by fa
tor 5, see Table XIX. This ratio wasestimated from events generated with phardT > 30 GeV and su
h es-timate might be a bit pessimisti
. In total, about (3:8 � 0:5) � 106ba
kground events are expe
ted after all 
uts with 1% of them havingE�T above 30 GeV. The QCD ba
kground is steeply falling with raisingthreshold on the EmissT . It is redu
ed by fa
tor 30 if this threshold israised to 50 GeV.



1992 E. Ri
hter-W¡s TABLE XIXFor an integrated luminosity of 30 fb�1, the expe
ted number of the in
lusive QCD eventsand the gg ! b�b events, both generated with phardT > 30 GeV. The b-tagging e�
ien
yand mass window a

eptan
e is not in
luded. In parenthesis given is the fra
tion of eventswith true missing energy E�T > 30 GeV. Indi
ated are also statisti
al errors of the givenestimates. EmissT >Sele
tion 30 GeV 35 GeV 40 GeV 50 GeVUnits are 106gg; q�q ! b�bbb-lab. pair 81 � 0.1 39 � 0.1 20 � 0.06 6.0 � 0.02(38%) (58%) (74%) ( 91%)��(EmissT ; j) > 0:5 11 � 0.07 4.2 � 0.04 1.7 � 0.03 0.26 � 0.01(5.8 �0.1%) (9.9 � 0.2%) ( 14.8 � 0.4%) ( 28 � 1%)jet-veto 5.5 � 0.06 2.2 � 0.04 0.8 � 0.02 0.13 � 0.008( 2.1 �0.1%) ( 3.7 � 0.05%) ( 5.7 � 0.3%) ( 12 � 1.2%)lepton-veto 5.3 � 0.06 2.0 � 0.04 0.8 � 0.02 0.12 � 0.007(1.9 � 0.1%) (3.1 � 0.2%) ( 4.5 � 0.3%) ( 8.7 � 1.0%)QCD! b�bbb-lab. pair 380 � 7.3 180 � 4.2 97 �3.0 29 � 0.8( 33%) ( 51%) ( 65%) ( 85%)��(EmissT ; j) > 0:5 82 � 4.9 36 � 3.1 16 � 2.2 2.3 � 0.5(4.3 � 0.5%) ( 5.8 � 0.7%) ( 7.3 � 1.1%) ( 15 � 3%)jet-veto 29 � 3.4 13 � 2.2 6.6 � 1.6 1.4 � 0.5( 1.2 � 2.7%) ( 6.8 � 6.4%) ( 14 � 13%) ( 50 � 50%)lepton-veto 27 � 3.4 11 � 2.2 5.5 � 1.5 0.6 � 0.2( �??� ) ( �??� ) ( �??� ) ( �??� )QCD! jbjb-lab. pair 1100 � 13 500 � 7.8 230 � 4.4 60 � 2( 21%) ( 34%) ( 48%) ( 71%)��(EmissT ; j) > 0:5 400 � 10 180 � 6.6 70 � 3.6 12 � 1.7( 4.0 � 0.2%) (7.0 � 0.5%) ( 13 � 1%) ( 35 � 5%)� The QCD di-jet 
ontribution to the events with jb-labelled pair, afterall sele
tion 
riteria, is almost a fa
tor of 3 higher than those to theevents with bb-labelled pair. If the b-tagging e�
ien
y is taken intoa

ount (with a non-b jet reje
tion of 100) and 20�30% a

eptan
e inthe mass window is assumed, the expe
ted ba
kground would be below105 events.� The QCD di-jet 
ontribution to the events with jj-labelled pairs ison the level of 100 � 30 events at most, just being negligible for jetreje
tion e�
ien
y of 100. This estimate is obtained before applyingjet-veto and lepton-veto 
uts.



Prospe
ts for the Observability : : : 1993The QCD ba
kground is overwhelming for the EmissT + b�b signature. Forthe EmissT threshold of 30 GeV it is a fa
tor of 5� 102 higher than the totalba
kground from W and Z. Final estimates for the ZH signal and QCDba
kground rates are given in Table XX. TABLE XXFor an integrated luminosity of 30 fb�1, the expe
ted number of ZH signal and QCDbb and jb ba
kground events. The b-tagging e�
ien
y and mass window a

eptan
e arein
luded.Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeVZH Signal 238 221 208 179QCD! b�b (10 � 1.0) �106 (3.8 � 0.5) �106 (1.6 � 0.3) �106 (0.12 � 0.05) �106QCD! jb < 105 < 105 < 105 < 105S=B 0.003% 0.007% 0.02% 0.14%S=pB 0.07 0.13 0.21 0.504.7. Con
lusionsA detailed analysis of the a

essibility of the WH=ZH 
hannels with theEmissT + b�b �nal state signature has been dis
ussed for the 14 TeV pp 
ollision.If only ba
kground pro
esses with the W and Z in the �nal state were
onsidered, signi�
an
e of at most 3� 
ould be expe
ted for an integratedluminosity of 30 fb�1. The ba
kground to this signature would be dominatedby the true Zb�b events.However in the presen
e of the huge QCD ba
kground this 
hannel be-
omes hopeless. Even with the optimised sele
tion 
riteria and with risingmissing threshold on the transverse energy e.g. to EmissT > 50 GeV, theexpe
ted signal-to-ba
kground ratio is below 0.15% and the expe
ted sen-sitivity remains below 1� for an integrated luminosity of 30 fb�1. Thosenumbers are by far very optimisti
 as the fast simulation, used to simulatedete
tor performan
e, represents the very 
rude approa
h for the redu
ibleba
kgrounds with the EmissT signature. In addition the feasibility and e�-
ien
y for triggering on su
h events was not dis
ussed here.5. 2 TeV p�p versus 14 TeV ppThe WH=ZH 
hannel with EmissT + b�b signature is 
onsidered as hav-ing dis
overy potential at Tevatron [2℄. The quantitative 
omparison of theexpe
ted rates have been performed assuming 
omparable performan
e ofthe dete
tors at both 
olliders, namely e�
ien
ies for jets and lepton re
on-stru
tion, b-jet tagging, jet veto and EmissT resolution.



1994 E. Ri
hter-W¡sFor the presented below 
omparison 
onsistently the following sele
tion
riteria were used:� Relatively low missing transverse energy threshold EmissT > 30 GeV.� For the 
ases 
alled (1) and (2), kinemati
al 
overage of the ATLASdete
tor and sele
tion 
riteria as dis
ussed in previous Se
tion. Di�er-en
es in a

eptan
es and expe
ted rates are therefore dire
tly relatedto di�eren
es in the 
ross-se
tions and geometri
al features of events(eg. events at 2 TeV are more 
entral than at 14 TeV).� For the 
ase 
alled (3) redu
ed geometri
al 
overage and slightly dif-ferent sele
tion 
riteria, as spe
i�ed in the Tevatron report [2℄.� b-tagging and isolated lepton 
overage up to � < 2:0;� lepton-veto: veto lepton with pT > 10 GeV;� jet-veto: 
overage up to j�j < 2:5; no jets pT > 30 GeV, nomore than one jet4 with pT > 15 GeV.� For b-tagging e�
ien
y the 60% e�
ien
y per b-labelled jet, with re-je
tion 10 per 
-jet and 100 per light jet.� The mass window of 100 � 20 GeV, leading to the signal a

eptan
ein the mass window of 85%.For 
omparison of the expe
ted signal and ba
kground rates at the14 TeV pp and 2 TeV p�p we refer to the 
ases (1) and (3). These alreadytake into a

ount di�eren
es in the geometri
al a

eptan
es of the dete
torsat respe
tive 
olliders and optimisation of the sele
tion 
riteria.5.1. ZH and WH signalsThe e�e
tive a

eptan
e for signal events is higher for 2 TeV p�p s
enario(3) than for 14 TeV s
enario (1). A

eptan
e for the EmissT and lepton vetois 
omparable ex
ept the WH, W ! `� 
hannel where it is higher by fa
tor2.6 for the 14 TeV pp. Final a

eptan
e after jet-veto is higher in the 2 TeVs
enario; by fa
tor 2 for Z ! �� and W ! `� 
hannels and by fa
tor 3 forZ ! �� and W ! �� 
hannels. This fa
tor 3 is mostly due to the softerjet-veto applied to hadroni
 de
ays of the tau leptons in the 
ase (3).4 This threshold is set on the re
onstru
ted jets energies [3℄. It 
orresponds to 10 GeVthreshold on 100% e�
ient 
alorimetri
 re
onstru
tion in 
one �R = 0:4 and 15 GeVthreshold after applying Gaussian smearing with 50%=pE resolution [11℄. It is equiv-alent to 22 GeV threshold on re
alibrated jet energies.



Prospe
ts for the Observability : : : 1995TABLE XXIFor the ZH andWH signal events, 
umulative a

eptan
es of the sele
tion 
riteria.b-tagging e�
ien
y and a

eptan
es in the mass window are not in
luded.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)ZH , Z ! ��EmissT +lepton veto 77.3% 73.2% 73.4% 1.0+ 2 b-labelled jets 31.2% 39.6% 37.6% 0.8+ jet veto 15.2% 27.0% 31.0% 0.5ZH , Z ! ��EmissT +lepton veto 26.3% 19.0% 19.6% 1.3+ 2 b-labelled jets 9.3% 10.2% 9.9% 0.9+ jet veto 0.8% 1.3% 3.0% 0.3WH , W ! ��EmissT +lepton veto 52.3% 45.8% 46.4% 1.1+ 2 b-labelled jets 19.8% 24.9% 24.0% 0.8+ jet veto 4.2% 8.1% 13.4% 0.3WH , W ! `�EmissT +lepton veto 16.3% 4.9% 6.2% 2.6+ 2 b-labelled jets 4.0% 2.6% 3.0% 1.3+ jet veto 1.2% 1.5% 2.4% 0.5TABLE XXIIFor an integrated luminosity of 30 fb�1, expe
ted number of events from the ZHand WH signal after all 
uts in
luding jet-veto. Numbers are given in
ludingnominal b-tagging e�
ien
y and a

eptan
e inside mass window.Expe
ted 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioevents (redu
ed)(1) (2) (3) (1)/(3)ZH with Z ! �� 293 57 65 4.2ZH with Z ! �� 3 1 1 3.0WH with W ! �� 77 16 26 3.0WH with W ! `� 44 6 9 4.9Total signal 417 80 101 4.1



1996 E. Ri
hter-W¡sAfter 
omplete sele
tion and after adding all signal 
ontributions to-gether the total signal rate is higher by fa
tor 4 in the 14 TeV s
enario.5.2. ZZ and WZ resonant ba
kgroundSimilarly as for the signal events, the e�e
tive a

eptan
e for these reso-nant ba
kgrounds is higher by fa
tor 2 for Z ! ��, W ! `� and fa
tor 3 forZ ! �� and W ! �� 
hannels in the 2 TeV s
enario. Taking into a

ountratio of the initial 
ross-se
tions, rates for these ba
kgrounds are larger byfa
tor 5 in the 14 TeV s
enario. As the signal rates are larger by fa
tor 4,the signal-to-resonant-ba
kground ratio is only slightly worse in the 14 TeVs
enario. TABLE XXIIIThe same as Table XXI but for the ZZ and WZ events.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)ZZ, Z ! ��EmissT +lepton veto 68.5% 64.2% 64.5% 1.0+ 2 b-labelled jets 24.5% 29.5% 27.5% 0.9+ jet veto 12.0% 20.7% 23.1% 0.5ZZ, Z ! ��EmissT +lepton veto 20.7% 14.0% 14.6% 1.4+ 2 b-labelled jets 6.8% 6.5% 6.4% 1.1+ jet veto 0.7% 1.1% 2.2% 0.3WZ, W ! ��EmissT +lepton veto 49.7% 43.1% 44.1% 1.1+ 2 b-labelled jets 16.5% 19.0% 17.4% 0.9+ jet veto 3.9% 6.9% 10.8% 0.4WZ, W ! `�EmissT +lepton veto 17.9% 4.4% 8.7% 2.0+ 2 b-labelled jets 5.8% 2.1% 3.5% 1.6+ jet veto 1.8% 1.2% 2.9% 0.6



Prospe
ts for the Observability : : : 1997TABLE XXIVThe same as Table XXII but for the ZZ and WZ events.Expe
ted 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioevents (redu
ed)(1) (2) (3) (1)/(3)ZZ with Z ! �� 670 100 112 6.0ZZ with Z ! �� 10 1 3 2.7WZ with W ! �� 135 21 35 3.8WZ with W ! `� 125 8 20 6.2Total res. bgd 940 130 170 5.55.3. Zjj and Wjj 
ontinuum ba
kgroundThe Zjj with Z ! �� and Wjj with W ! `� events were simulatedwith PYTHIA. Contribution from events with the Z ! �� de
ay is negligibleand for simpli
ity was omitted. Contribution from the W ! �� events wasestimated assuming the same ratio of a

eptan
es as for theWZ events withW ! �� and W ! `�.Contribution from the Zbb events is a dominant one, almost 90% of thetotal Zjj ba
kground. Expe
ted rates in the mass window are higher byfa
tor almost 30 with 14 TeV s
enario. This is 
omparable to the ratio ofrates expe
ted for the ``b�b �nal state [3℄. Contribution from theWbb eventsis less dominant, around 40% of the total Wjj ba
kground for the 2 TeV p�pand around 70% for the 14 TeV pp. Also expe
ted ratio of rates is higherwith the 14 TeV s
enario, being for the W ! `� events almost 20.TABLE XXVThe same as Table XXI but for Zjj events (Z ! ��) for events already �ltered on2 jets within j�j < 2:5. A

eptan
es are given for merged samples generated indi�erent bins of phardT .Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)EmissT +lepton veto 82.2% 92.4 % 92.4% 0.9+ 2 jets j�j < 2:0 (2.5) �lter �lter �lter �+ jet veto 23.9% 42.1% 48.5% 0.5
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hter-W¡s TABLE XXVIThe same as Table XXI but for Wjj with W ! `� evets.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)EmissT +lepton veto 17.2 % 6.0% 8.3% 2.1+ 2 jets � < 2:0 (2.5) 11.2% 5.2% 7.0% 1.6+ jet veto 3.0% 3.1% 6.0% 0.5TABLE XXVIIThe same as Table XXII but for Zjj and Wjj events.Expe
ted 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioevents (redu
ed)(1) (2) (3) (1)/(3)Zjj(bb) 14000 450 520 27(other) 1800 40 50 36Wjj(bb) 3100 80 180 21(other) 1300 50 80 165.4. Top pair and single top ba
kground� t�t 
ontinuum ba
kgroundThe t�t ba
kground, substantial for the `b�b �nal state signature is lesssevere in the 
ase of the EmissT + b�b �nal state. With rather tight jet-vetoforeseen in 14 TeV s
enario, e�e
tive a

eptan
e is 10 times lower for theW ! �� de
ays and 5 times lower for the W ! `� de
ays. E�e
tively, thisba
kground is only 15 times higher in 14 TeV s
enario, nevertheless 
on-tributing only few per
ent to the total ba
kground.� Single top 
ontinuum ba
kgroundThe single top ba
kground, rather small for `b�b �nal state signature, isalso small in the 
ase of EmissT + b�b �nal state. With rather tight jet-vetoforeseen in 14 TeV s
enario e�e
tive a

eptan
e is 3 times lower forW ! ��de
ays and 5 times lower for W ! `� de
ays. E�e
tively, this ba
kgroundis only 8 times higher in the 14 TeV s
enario and is 
ontributing below oneper
ent to the total ba
kground.
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ts for the Observability : : : 1999TABLE XXVIIIThe same as Table XXI but for t�t events.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)t�t with at least one W ! ��EmissT +lepton veto 47.9% 43.4% 44.4% 1.1+ 2 b-labelled jets 27.0% 27.8% 27.3% 1.0+ jet veto 0.16% 0.3% 1.2% 0.1t�t with at least one W ! `�EmissT +lepton veto 12.4% 6.4% 8.7% 1.4+ 2 b-labelled jets 6.5% 4.2% 5.5% 1.2+ jet veto 0.09% 0.1% 0.4% 0.2TABLE XXIXThe same as Table XXI but for single top events already �ltered on at least 2 b- or
-labelled jets.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)Single top with W ! ��EmissT +lepton veto 57.7% 51.7% 50.9% 1.1+ 2 b-labelled jets 27.1% 20.7% 24.9% 1.1+ jet veto 0.4% 0.35% 1.3% 0.3Single top with W ! `�EmissT +lepton veto 11.2% 5.4% 7.9% 1.4+ 2 b-labelled jets 5.8% 3.2% 4.0% 1.4+ jet veto 0.15% 0.3% 0.8% 0.2� W � ! tb 
ontinuum ba
kgroundThis ba
kground, similarly as for the `b�b signature, is rather small. Onlythe W ! `� de
ay mode 
ould be simulated with available version of theHERWIG Monte Carlo. It was therefore assumed that this 
hannel behavessimilarly to the tb, t
 single produ
tion, see Table XXIX, so that the a
-
eptan
e before jet veto is 6.2 higher and after jet-veto is 1.6 higher for theW ! �� than for the W ! `� �nal state.
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hter-W¡sWith rather tight jet-veto foreseen in 14 TeV s
enario 
umulative a

ep-tan
e is 2.5 times lower. E�e
tively, this ba
kground is only 6 times higherin 14 TeV s
enario nevertheless 
ontributing only few per
ent to the totalba
kground. TABLE XXXThe same as Table XXI but for W � ! tb events with W ! `� de
ay.Cumulative 14 TeV pp 2 TeV p�p 2 TeV p�p Ratioa

eptan
e (redu
ed)(1) (2) (3) (1)/(3)EmissT +lepton veto 19.0% 5.4% 9.1% 2.1+ 2 b-labelled jets 7.4% 4.0% 6.3% 1.2+ jet veto 2.0% 2.0% 4.7% 0.4� Total 
ontinuum ba
kground from top events TABLE XXXIThe same as Table XXII but for single and top pair produ
tion.Expe
ted 14TeV pp 2 TeV p�p 2 TeV p�p Ratioevents (redu
ed)(1) (2) (3) (1)/(3)t�tWith W ! �� 340 5 20 17With W ! `� 440 4 30 15W � ! tbTotal 90 15 40 6Single top tb; t
Total 50 2 6 8
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ts for the Observability : : : 20015.5. Total signal and W; Z, single top and top-pair ba
kgroundsTable XXXII 
ompares expe
ted signal and ba
kground rates in 14 TeV ppand 2 TeV p�p 
ollisions for sele
tion with jet-veto. The expe
ted signal ishigher by fa
tor 4 and ba
kground by fa
tor 20 in 14 TeV s
enario.TABLE XXXIIFor an integrated luminosity of 30 fb�1, expe
ted number of signal and ba
kgroundevents after all 
uts. A

eptan
e inside mass window and nominal b-tagging e�-
ien
y are in
luded.Pro
ess 14 TeV pp 2 TeV p�p 2 TeV p�p Ratio(redu
ed)(1) (2) (3) (1)/(3)ZH 296 58 66 4.5WH 121 22 35 3.4Total signal 417 80 101 4.1ZZ 680 101 115 5.9WZ 260 29 55 4.7Total reson. bgd 940 130 170 5.5tt 780 9 50 16single t 140 17 46 3.0Zjj (bb ) 14000 450 520 27Zjj (other) 1800 40 50 36Wjj (bb ) 3100 80 180 20Wjj (other) 1300 50 80 16Total 
ont. bgd (W;Z; t;t�t) 21000 650 900 23Total bgd (W;Z; t;t�t) 22000 800 1100 20S=pB (W;Z; t,t�t) 2.8 2.8 3.0 0.9S=B (W;Z; t,t�t) 1.9% 10.0% 9.2% 0.2Taking into a

ount only physi
s ba
kground (W; Z; t, t�t in the �-nal state), sensitivity to this 
hannel in terms of S=pB is 
omparable for14 TeV pp and 2 TeV p�p, being of 3 � for an integrated luminosity 30 fb�1.However, the overwhelming QCD ba
kground in both 
ases redu
es thissensitivity signi�
antly. In the 
ase of 14 TeV s
enario is redu
ed below 1 �.As dis
ussed already in Se
tion 4.6, applied so far sele
tion 
an be optimised
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kground, while still keeping high signale�
ien
y. This additional suppression would have to be of fa
tor 5�103 in the14 TeV s
enario, whi
h is not a
hieved in the presented analysis, to bring theQCD ba
kground below 10% of the ba
kgrounds with true missing energyfrom W and Z de
ays. In the next Se
tion this ba
kground is evaluated forthe 2 TeV s
enario.5.6. The QCD 
ontinuum ba
kgroundIn this Se
tion more detailed dis
ussion is presented on the evaluationof the QCD ba
kground at 2 TeV p�p, obtained from the simulation withPYTHIA Monte Carlo.The evaluation is done only for events with phardT > 30 GeV. As 
anbe 
on
luded from numbers in Se
tion 4.6, it might signi�
antly underes-timate the level of the total ba
kground as the 
ontribution from eventswith phardT < 30 GeV is rather important. In that range however availablestatisti
s was by far no su�
ient for reliable estimate of the ba
kground
ontribution.For the presented below evaluation the following sele
tion 
riteria wereused:� EmissT 
al
ulated from re
onstru
ted energy with 
alorimetri
 
overageup to j�j < 5:0.� ��(EmissT ; jet) > 0:5.� Two b-tagged jets in rapidity up to j�j < 2:0; Jets re
onstru
tionthreshold was set to 15 GeV and jets energies were re
alibrated.� Jet-veto: 
overage up to j�j < 2:5; no jets pT > 30 GeV, no more thanone jet pT > 15 GeV.� Lepton veto: isolated lepton with and j�j < 2:0 and pT > 10 GeV.� Additional sele
tion5: ��(EmissT ; jet) > 1:0 and ��(jet1; jet2) < 2:6� For b-tagging e�
ien
y the 60% e�
ien
y per b-labelled jet, with re-je
tion 10 per 
-jet and 100 per light jet.� The mass window of 100 � 20 GeV.5 These were suggested by W . Yao as a re�nement to sele
tion do
umented in [2℄,private 
ommuni
ation.



Prospe
ts for the Observability : : : 2003The a

eptan
e of the initial sele
tion 
riteria is 38% for signal eventsZH with Z ! ��. It requires passing sele
tion of having EmissT > 30 GeV(80%) and 2 b-labelled jets (48%). The a

eptan
e of 85% is assumed insidemass window of mbb = 100� 20 GeV. In almost 100% of 
ases, events havetrue missing energy E�T > 30 GeV.After additional sele
tion 
riteria, as spe
i�ed in Table XXXIII, around135 events would be expe
ted for an integrated luminosity of 30 fb�1 withperfe
t b-tagging and the threshold EmissT > 35 GeV. After applyingb-tagging e�
ien
y this number would be redu
ed to 50 events, seeTable XXXVIII. If the threshold was raised to 50 GeV it would be redu
edfurther to 40 expe
ted events. TABLE XXXIIIFor an integrated luminosity of 30 fb�1, the expe
ted number of signal ZH eventsin 2 TeV p�p 
ollision (mass window mbb = 100 � 20 GeV). b-tagging e�
ien
y isnot in
luded. Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeVbb-lab. pair 223 205 188 155��(EmissT ; j) > 0:5 197 183 169 141jet-veto 167 154 142 118lepton-veto 167 154 141 117additional 
uts 143 135 126 108Contribution from the QCD events was estimated from the samples ofthe dire
t b�b produ
tion, gg; q�q ! b�b, and from the QCD di-jet produ
tion.The sample of gg; q�q ! b�b was used as a 
ontrol sample.In Table XXXIV initial 
ross-se
tion is 
ompared for ea
h phardT bin. Thee�
ien
y for �lter is also spe
i�ed (events were �ltered on EmissT > 30 GeVand 2 jets with j�j < 2:5). Altogether, for presented below analysis, 108events have been pro
eeded through the fast simulation of the ATLAS de-te
tor.Tables XXXV�XXXVII give details on the 
umulative a

eptan
es forthe QCD ba
kground. Table XXXVIII spe
i�es expe
ted number of eventsfor an integrated luminosity of 30 fb�1 and for di�erent thresholds on thetransverse missing energy. The set of distributions, whi
h are relevant forthe sele
tion algorithm, are presented in Figs. 1�4 for signal and di�erenttypes of QCD ba
kground.From the study presented above the following estimates on the expe
tedba
kgrounds 
an be extra
ted for 35 GeV threshold on EmissT , in
luding a
-
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tion 
ross-se
tions and �lter a

eptan
e, see text, for QCD ba
kground pro-
esses for 2 TeV p�p and �lter e�
ien
y. For the 
ase of phardT = 30�50 GeV (resp.50�100 GeV) average a

eptan
e is given for events generated in 5 GeV (resp. 10GeV) bins. QCD jets gg; q�q ! b�bHard s
attering � [pb℄ Filter � [pb℄ Filtertransverse momenta a

ept. a

ept.phardT = 10�30 GeV 5:0� 108 1:4� 106phardT = 30�50 GeV 1:0� 106 0.14% 1:9� 105 0.3%phardT = 50�100 GeV 5:8� 105 0.33% 2:1� 103 4.4%phardT = 100�200 GeV 1:7� 104 1.0% 7:7� 100 21%phardT => 200 GeV 2:2� 102 3.6% 2:0� 100 30%TABLE XXXVFor indi
ated produ
tion pro
esses and 2 TeV p�p s
enario, 
umulative a

eptan
esof the sele
tion 
riteria.Cumulative a

eptan
e gg; q�q ! bb QCD! bb QCD! jb QCD! jjEmissT > 30 GeV2 labelled jets 100% 100% 100% 100%��(EmissT ; j) > 0:5 2.5% 10% 32% 71%jet-veto 2.0% 6% 9% � ?? �lepton-veto 1.5% 4% 6% � ?? �additional 
uts 0.7% 2% 4% � ?? �
eptan
e inside mass window and nominal b-tagging e�
ien
y. This ba
k-ground might be still underestimated as only events with phardT > 30 GeVwere analysed.� Contribution from gg; q�q ! b�b events, is of 1152 � 76 events with 8%of them having true E�T > 30 GeV.� The total QCD di-jet 
ontribution to the events with 2 true b-labelledjets is almost fa
tor 4 higher. About 4500 � 800 events are expe
tedwith (18 � 11)% of events having E�T above 30 GeV. The QCD ba
k-ground is steeply falling down with raising the threshold on the EmissT .
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Fig. 1. The EmissT , ��(EmissT ; jet), �� (jet, jet) and mbb distributions for events af-ter initial sele
tion. Dashed lines on top plots show 
orresponding E�T and ��(E�T,jet) distribution. The �� (jet, jet) and mbb distributions are shown for events aftersele
tion on EmissT > 30 GeV and ��(E�T; jet) > 0:5. TABLE XXXVIFor indi
ated produ
tion pro
esses and 2 TeV p�p, a

eptan
es of the EmissT thresholds(after initial �lter).Cumulative a

eptan
e gg! bb QCD! bb QCD! jb QCD! jjEmissT > 30 GeV 100% 100% 100% 100%EmissT > 35 GeV 44% 50% 45% 34%EmissT > 40 GeV 20% 24% 21% 12%EmissT > 50 GeV 5% 8% 6% 1.7%
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Fig. 2. The same as Fig 1 but for gg ! b�b events. The EmissT and ��(E�T, jet)distributions are shown for events �ltered on EmissT > 30 GeV and 2 jets withj�j < 2:5. The �� (jet, jet) andmbb distributions are shown after further sele
tionon ��(E�T; jet) > 0:5.It is redu
ed almost by fa
tor 10 if this threshold is raised to 50 GeV,
ontaining however 97 � 66% of events with true missing energy above30 GeV.� The QCD di-jet 
ontribution to the events with jb-labelled pair is fa
-tor 5 higher than these to bb-labelled pairs. The expe
ted ba
kgroundwould be of 350 � 50 events, with non-b jets reje
tion of 100. Thismight be a bit optimisti
 estimate sin
e some of these events 
ontainalso b
-labelled pairs (for 
-labelled jets expe
ted reje
tion is only 10).� The QCD di-jet 
ontribution to the events with jj-labelled pairs is onthe level of 500 � 100 events at most. This estimate is done beforeapplying jet-veto and lepton-veto.The total QCD ba
kground is dominated by the true QCD! b�b events.However, 
ontribution from the dire
t heavy �avour produ
tion gg; q�q ! b�b
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Fig. 3. The same as Fig 2 but for QCD! b�b events.is only on the level of 25% (this 
ontribution is of 30% for in
lusive b�bprodu
tion). Around 20% of QCD events have true missing energy, E�T,above 30 GeV.The QCD ba
kground is steeply falling with EmissT sele
tion. Raisingthreshold from 30 GeV to 50 GeV redu
es gg; q�q ! b�b 
ontribution by fa
-tor 18, but the QCD! b�b 
ontribution by fa
tor 12 only. Also require-ments whi
h is dedi
ated to suppress events with non-isolated EmissT i.e.��(EmissT ; j) > 0:5 redu
es gg; q�q ! b�b by fa
tor 40 but QCD! b�b only byfa
tor 10, see Figs. 1-4.This rather steep behaviour with sele
tion 
riteria strongly supports 
on-
lusions that the �rm estimation of this ba
kground 
an be made only withthe full dete
tor simulation. Fast simulation, as applied here 
an be onlyused to indi
ate the order of the magnitude of expe
ted ba
kground andwould very likely underestimate its level.The QCD ba
kground is overwhelming for the ZH 
hannel. The addi-tional sele
tion slightly in
reases signal-to-ba
kground ratio (e.g. from 3.6%to 3.8% for EmissT > 40 GeV) but redu
es S=pB (res. from 1.4 to 1.3 forEmissT > 40 GeV).
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hter-W¡s TABLE XXXVIIThe expe
ted number of gg; q�q ! b�b , QCD! b�b and QCD! jb events for an integratedluminosity of 30 fb�1 and 2 TeV p�p. b-tagging e�
ien
y and mass window a

eptan
eis not in
luded. In parenthesis given is fra
tion of events with true missing energy ofE�T > 30 GeV.Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeVgg; q�q ! b�bbb-labelled pair 14.0 � 0.04 6.2 � 0.02 3.0 � 0.01 0.8 � 0.003(105) (50%) (75%) (90%) (98%)��(EmissT ; j) > 0:5 35.0 �1.0 12.0 � 0.5 3.8 � 0.2 0.5 � 0.07(103) (8.7 � 0.45%) (16.2 � 1.0%) (27 � 2%) (57 � 8%)jet-veto 26000 � 870 8600 � 490 2700 � 200 320 � 62(4.8 � 0.4%) (9.6 � 1.1%) (17.3 � 2.4%) (48 � 10%)lepton-veto 21000 � 750 6400 � 420 1800 � 170 160 � 50(4.4 � 0.4%) (8.3 � 1.1%) (15 � 2.7%) (32 � 10%)additional 
uts 9600 � 600 3400 � 370 860 � 120 100 � 50(2.2 � 0.5%) (3.1 � 0.9%) (7.8 � 2.8%) (24 � 14%)QCD! b�bbb-labelled pair 46 � 0.9 22 � 0.5 12 � 0.3 4 � 0.2(105) (50%) (73%) (87%) (96%)��(EmissT ; j) > 0:5 450 � 34 190 � 18 100 � 13 61 � 10(103) (22 � 3%) (48 � 7%) (73 � 11%) (90 � 16%)jet-veto 270 � 28 100 � 15 49 � 10 32 � 9(103) (14.4 � 3.4%) (38 � 9%) (68 � 18%) (97 � 30%)lepton-veto 190 � 25 59 � 11 18 � 6 8 � 5(103) (6.4 � 3%) (21 � 9%) (47 � 28%) (97 � 64%)additional 
uts 140 � 18 44 � 9 15 � 6 8 � 5(103) (3.0 � 0.4%) (18 � 11%) (49 � 33%) (97 � 66%)QCD! jbjb-labelled pair 130 � 2 60 � 1 28 � 0.7 7.4 � 0.3(105) (32%) (51%) (67%) (89%)��(EmissT ; j) > 0:5 43 � 1.3 18 � 0.8 8 � 0.6 1.7 � 0.2(105) (10 � 1%) (19 � 2%) (32 � 4%) (74 � 12%)jet-veto 15 � 1 5.4 � 0.5 2.4 � 0.4 0.5 � 0.1(105) (1.3 � 0.2%) (0.9 � 0.2%) (0.8 � 0.2%) (0.4 � 0.1%)lepton-veto 8.4 � 0.7 2.7 � 0.4 0.9 � 0.2 0.2 � 0.1(105) (9.6 � 2.5%) (18 � 6%) (44 � 17%) (94 � 56%)additional 
uts 7.5 � 0.7 2.4 � 0.4 0.8 � 0.2 0.2 � 0.1(105) (10.5 � 3.0%) (19 � 6.4%) (42 � 17%) (95 � 57%)
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ts for the Observability : : : 2009TABLE XXXVIIIFor an integrated luminosity of 30 fb�1, the expe
ted number of the ZH signal andQCD bb and jb ba
kground events in 2 TeV p�p 
ollision. The b-tagging e�
ien
yand mass window a

eptan
e are in
luded. QCD ba
kground was estimated onlyfrom the sample generated with phardT > 30 GeV.Sele
tion EmissT >30 GeV 35 GeV 40 GeV 50 GeVSignal 52 50 45 40QCD! b�b 12500 � 1600 4500 � 800 1300 � 400 550 � 150QCD! jb 1000 � 100 350 � 50 100 � 30 30 � 15S=B 0.4% 1.2% 3.6% 7.0%S=pB 0.6 0.8 1.4 1.7

Fig. 4. The same as Fig 2 but for QCD! jb events.
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lusionsThe detailed 
omparison of the a

essibility of the WH=ZH 
hannelswith EmissT + b�b signature was presented for the 14 TeV pp and 2 TeV p�ps
enarios. If only ba
kground pro
esses withW and Z in the �nal state were
ontributing, signi�
an
e would be 
omparable in both s
enarios, of 3� foran integrated luminosity 30 fb�1. For 14 TeV s
enario expe
ted signal ratesare 4 times higher and expe
ted resonant ba
kground rates 5.5 times higher,giving less favourable signal-to-resonant-ba
kground ratio. The signal-to-ba
kground ratio is higher by fa
tor 5 for 2 TeV p�p s
enario.The QCD redu
ible ba
kground is, with presented analysis, overwhelm-ing for the 14 TeV s
enario and a dominant one for the 2 TeV s
enario. It isat least 5 times higher in 2 TeV p�p and 50 times higher in 14 TeV pp 
olli-sions than the irredu
ible ba
kground fromW and Z (for EmissT > 35 GeV).After this ba
kground is in
luded, the �nal expe
ted signi�
an
e is redu
edbelow 2� for 2 TeV p�p and below 1� for 14 TeV pp.Let us stress that the above results are optimisti
 as EmissT re
onstru
tionwas simulated with the fast simulation only. On the other hand, furtherre�ned sele
tion for the dis
rimination of the non isolated EmissT would bepossible with the more 
omplete experimental analysis.5.8. Comparison with results from [2℄Results shown in the previous se
tion 
an be dire
tly 
ompared withthese presented in the report of the Higgs Working Group of Tevatron [2℄.Although [2℄ is not yet o�
ially published, results from this report were pub-li
ly presented already several times [12℄, in
luding re
ent presentation [13℄.Therefore we 
onsider them to be mature enough to justify performed below
omparison. Two di�erent analyses are reported in [2℄, based on the so 
alledQFL and SHW simulations of the dete
tor performan
e. The proposed se-le
tion 
riteria also di�er in some details between both analyses, leadinghowever to the 
omparable estimated signal signi�
an
es in both 
ases. InTable XXXIX the detailed 
omparison between studies performed here andthese reported in [2℄ for the SHW analysis is shown for an integrated luminos-ity of 30 fb�1. There are obvious di�eren
es in the assumptions 
on
erningexpe
ted dete
tor performan
e. The main ingredients of the expe
ted de-te
tor performan
e are EmissT resolution, assumptions 
on
erning b-tagginge�
ien
y and non-b jets reje
tion and e�
ien
ies for the jets re
onstru
-tion and jet veto. The 10% mass resolution was assumed for ba
kgroundestimates as used in the Tevatron report in the quoted SHW analysis.
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ts for the Observability : : : 2011TABLE XXXIXComparison between This study (A), This study s
aled (A') and Tevatron report(B) (numbers are taken from Table 16 in Se
tion C of [2℄). In (B) QCD ba
kgroundis estimated as 100% of total W=Z/t�t originated ba
kground.Pro
ess This study This study Tevatron report Ratio(A) s
aled (A') (SHW study) (B) (A')/(B)80�120 GeV 80�120 GeV 80�125 GeVZH 57 142 117 1.2WH 25 62 87 0.7Total signal 82 204 201 1.0ZZ 104 260 240 1.1WZ 42 105 177 0.6Total reson. bgd 146 365 417 0.9tt 48 120 216 0.5single t 26 65 240 0.3Wbb 150 375 234 1.6Wjj (other) 50 50 none �Zbb 395 990 309 3.2Zjj (other) 36 36 none �Total 
ont. bgd (W;Z; t, t�t) 705 1600 1000 1.6Total bgd (W;Z; t, t�t) 850 2000 1400 1.4S=pB 2.8 4.6 5.3 0.9S=B 9.6% 10% 14% 0.7not s
aledQCD (b�b) 4500 � 800 4500 � 800 1400(?) 3.0QCD (other) 350 � 50 350 � 50 none �Total bgd 5700 � 850 6850 � 850 2800 (?) 2.4S=pB 1.1 2.5 3.8 (?) 0.6S=B 1.4% 3% 7% (?) 0.4
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hter-W¡s� For This study performan
e as expe
ted for the ATLAS dete
tor at LHC isassumed6 following however the sele
tion 
riteria as proposed in the Tevatronreport. This in
ludes redu
ed pseudorapidity 
overage and softer jet veto, asalready used in Se
tion 3. In addition to the sele
tion 
riteria spe
i�ed so far,the requirement ��(EmissT ; jet) > 0:5 is used as in the analysis presentedin [2℄.� For This study s
aled the e�
ien
y for double b-tag was res
aled7 for signaland physi
s ba
kgrounds to reprodu
e that e�
ien
y reported for the signalevents in [2℄. The ne
essary s
aling fa
tor was 2.5. In the similar 
ase ofthe `b�b analysis, respe
tive needed s
aling fa
tor was 1.7 only [3℄. The QCDba
kground was not res
aled.There are several in
onsisten
ies in the ba
kground estimates from di�erent
hannels between study performed here and this reported in [2℄.� The total signal and resonant ba
kground rates are predi
ted in [2℄ to be
onsequently higher by fa
tor 2, whi
h 
omes mostly from the higher assumeda

eptan
e for double b-tag.� Predi
ted rates for the 
ontinuum ba
kground from W; Z; t, t�t are in agree-ment, whi
h is rather a

idental, as it 
omes from 
ompensation of the ef-fe
t of negle
ting Wjj and Zjj redu
ible ba
kgrounds and predi
ting mu
hhigher t and t�t ba
kground in [2℄. This a

idental agreement is also mislead-ing as the assumed performan
e on the double b-tag is higher by fa
tor 2in [2℄ (
ompare respe
tive entries in This study and This study s
aled) so thesimilar ratio of 2 should holds also for the total irredu
ible ba
kground.� The QCD ba
kground, from estimates presented in this paper, is at least5 times higher than the total W; Z; t, t�t ba
kground. It was 
onsiderednegligible for the long time in the studies of Tevatron [2, 12℄. Only re
ently,it was in
luded in the �nal estimates [2,13℄ as being on the level of the totalW; Z; t, t�t ba
kground.Estimates for the QCD ba
kground in [2℄ were obtained extrapolating re-sults from the CDF Run I Higgs sear
h. It is argued further there, that withthe tighter sele
tion 
riteria it will be possibly to suppress this ba
kgroundeven more e�
iently. A point is also made that this ba
kground is veryunreliable for simulation with presently available Monte Carlo generators.Let us stress that more substantial than assumed in [2℄ 
ontribution fromthis ba
kground, whi
h is indi
ated by results from the Monte Carlo simula-tion presented here, would drasti
ally 
hange prospe
ts for the observabilityof the EmissT + b�b signature in 2 TeV p�p 
ollision.6 Eg. the EmissT was re
onstru
ted for assumed ATLAS 
overage of the dete
tor i.e.
alorimetri
 
overage up to j�j < 5:0 and muon re
onstru
tion up to j�j < 2:5.7 We 
ould not use dire
tly parametrisation for the b-tagging e�
ien
y given in [2℄, asthe information on the re
onstru
tion e�
ien
y for b-labelled pair was not availablethere.



Prospe
ts for the Observability : : : 2013TABLE XLBreak-down of partial a

eptan
es for estimates given in Table XXXIX. For Teva-tron report 
olumn they are extra
ted from the Table 15 and 16 in Se
tion C of [2℄.Pro
ess This study Tevatron report Comments(A) (SHW study) (B)ZH (Z ! ��) signal� �BR (pb) 0.023 0.027 fa
tor 1.2 higher � in (B)Double b-tag 17.2% 43% in
ludes also jets re
onstru
tionEmissT >35 GeV 72.1% 72%��(EmissT ; jet) 90.0% 91%Jet veto 86.1% 77% s
alar hadroni
 energy sumused instead in (B)Lepton veto 100% 90% why so low in (B)?Mass window 85.0% 73.6% � 10 GeV window used in (B) ??80�120 GeV in (A)Total a

ept 8.1% 14.4%Expe
ted events 57 117 2.1 times higher rates in (B)ZH (Z ! ��) signal� �BR (pb) 0.0039Expe
ted events 1WH (W ! `�(e; �; � )) signal� �BR (pb) 0.064 0.071Double b-tag 16.7% 39.9% in
ludes also jets re
onstru
tionEmissT >35 GeV 57.0% 62.3%��(EmissT ; jet) 82.5% 88.2%Jet veto 82.2% 54.0% s
alar hadroni
 energy sumused instead in (B)Lepton veto 27.0% 43.8% only W ! `� in
luded in (B)Mass window 85% 74.4% � 10 GeV window used in (B) ??80�120 GeV in (A)Total a

ept 1.3% 3.9%Expe
ted events 25 87 2.5 times higher rates in (B)



2014 E. Ri
hter-W¡s TABLE XLIContinuation of Table XL.Pro
ess This study Tevatron report Comments(A) (SHW study) (B)ZZ (Z ! ��) ba
kground� �BR (pb) 0.068 0.137 missprint in (B) ??Double b-tag 14.4% 34.8% in
ludes also jets re
onstru
tionEmissT > 35 GeV 58.9% 38.6%��(EmissT ; jet) 90.7% 89.3%Jet veto 87.0% 79.5% s
alar hadroni
 energy sumused instead in (B)Lepton veto 99.9% 91.2% why so low in (B)?Mass window 75.0% 67.6% � 10 GeV window used in (B) ??80�120 GeV in (A)Total a

ept 5.0% 5.9%Expe
ted events 102 240 2.3 times higher rates in (B)ZZ (Z ! ��) ba
kground� �BR (pb) 0.0114Expe
ted events 2ZZ (Z ! ``) ba
kground� �BR (pb) 0.0228Expe
ted events <0.05WZ (W ! `�(e; �; � )) ba
kground� �BR (pb) 0.123 0.135 missprint in (B) ??Double b-tag 13.0% 32.2% in
ludes also jets re
onstru
tionEmissT > 35 GeV 55.5% 57.5%��(EmissT ; jet) 82.7% 90.3%Jet veto 70.7% 68.5% s
alar hadroni
 energy sumused instead in (B)Lepton veto 36.0% 50.0% why so low in (B)?Mass window 75.0% 66.8% � 10 GeV window used in (B) ??80�120 GeV in (A)Total a

ept 1.1% 4.4%Expe
ted events 42 180 4.3 times higher rates in (B)



Prospe
ts for the Observability : : : 2015TABLE LXIIContinuation of Table XL.Pro
ess This study Tevatron report Comments(A) (SHW study) (B)Zbb(Z ! ��) ba
kground� �BR (pb) 360 0.668 (ME)�ltered to 32.3Double b-tag 0.15% 18.5% in
ludes also jets re
on-+ mass window in (A) stru
tionEmissT > 35 GeV 40% 69.6%��(EmissT ; jet) 85% 90.5%Jet veto 80% 68.3% s
alar hadroni
 energy sumused instead in (B)Lepton veto 100% 91.6% why so low in (B)?Mass window already in
l. 21.5% �10 GeV window usedin (B)??80�120 GeV window usedin (A)Total a

ept 0.04% 1.55%Expe
ted events 395 309 not all graphs in (A)Wbb ba
kgroundwith W ! `�(e; �; � )� �BR (pb) (PYTHIA) 2530 (ME)only W ! `�after �lterDouble b-tag 0.07% 11.9% in
ludes also jets re
on-+ mass window in (A) stru
tionEmissT > 35 GeV 50.7% 50.3%��(EmissT ; jet) 76.7% 91.3%Jet veto 84.6% 88.7% s
alar hadroni
 energy sumused instead in (B)Lepton veto 8.7% 41.5% only W ! `� in (A)Mass window already in
l. 15.4% �10 GeV window usedin (B)??80�120 GeV window usedin (A)Total a

ept 0.002% 0.31%Expe
ted events 50� 3 = only W ! `� in (A)150 234 W ! `� gives 31% of total



2016 E. Ri
hter-W¡s TABLE XLIIIContinuation of Table XL.Pro
ess This study Tevatron report Comments(A) (SHW study) (B)t�t ba
kground; W ! `�(e; �; � )� �BR (pb) 3.93 6.8Double b-tag 22.1% 44.3% in
ludes also jets re
onstr.EmissT > 35 GeV 25.9% 46.4%��(EmissT ; jet) 69.5% 87.6%Jet veto 66.3% 4.1% s
alar hadroni
 energy sumused instead in (B)Lepton veto 16.9% 38.2%Mass window 39.0% 37.3% � 10 GeV window usedin (B)??80�120 GeV window usedin (A)Total a

ept 0.044% 0.1%Expe
ted events 48 216 why so high in (B)tq ba
kground; W ! `�(e; �; � )� �BR (pb) 0.85 0.81Double b-tag 4.8% 9.1% in
ludes also jets re
onstr.EmissT > 35 GeV 64.3% 73.2%��(EmissT ; jet) 76.2% 90.2%Jet veto 23.6% 49.9% s
alar hadroni
 energy sumused instead in (B)Lepton veto 32.3% 54.3%Mass window 30.4% 21.5% � 10 GeV window usedin (B)??80�120 GeV window usedin (A)Total a

ept 0.11% 0.35%Expe
ted events 14 85



Prospe
ts for the Observability : : : 2017TABLE XLIVContinuation of Table XL.Pro
ess This study Tevatron report Comments(A) (SHW study) (B)W � ! tb ba
kground� �BR (pb) 0.11 1.0W ! `�(e; �) W ! `�(e; �; � )Double b-tag 27.5% 32.3% in
ludes also jets re
onstr.EmissT > 35 GeV 68.4% 27.6%��(EmissT ; jet) 85.0% 88.5%Jet veto 82.5% 40.7% s
alar hadroni
 energy sumused instead in (B)Lepton veto 6.3% 49.5%Mass window 28.7% 32.3% � 10 GeV window usedin (B)??80�120 GeV window usedin (A)Total a

ept 0.24% 0.51%Expe
ted events 8� 1:5 = only W ! `� in (A)12 155 3 time higher a

ept.for W ! ��6. Con
lusionsThe primary aim of this paper was to dis
uss the origin of the di�eren
esin the expe
ted potential for the Higgs boson dis
overy in the WH=ZHprodu
tion, with H ! b�b and EmissT + b�b signature, in 2 TeV p�p and 14 TeVpp 
ollisions.This signature is 
onsidered as not a

essible at LHC [1℄, but a morequantitative evaluation of the expe
ted rates is presented for the �rst timein this paper. The sensitivity was 
on�rmed to be hopeless be
ause of theoverwhelming ba
kground from the QCD di-jet produ
tion. Even if onlyba
kground from W; Z, t�t were present, the expe
ted sensitivity would beon the same level as for the WH 
hannel with the `b�b signature [3℄, namelyaround 3� for an integrated luminosity of 30 fb�1.A detailed 
omparison of the expe
ted signal and ba
kground at 14TeVpp and 2 TeV p�p was 
arried out assuming the same performan
e of thedete
tor and ATLAS or Tevatron like sele
tion 
riteria (geometri
al a

ep-tan
es, jet-veto requirements). The results obtained here for 2 TeV p�p aremu
h less optimisti
 than those presented in the Tevatron report [2℄.



2018 E. Ri
hter-W¡s� In the studies presented here the signal rates are estimated to be 2.4times lower. The ba
kground rates from W or Z in the �nal state aresimulated to be 
omparable to those estimated in [2℄.� The QCD ba
kground, estimated here from the Monte Carlo simula-tion, was found to be almost 5 times higher than the total ba
kgroundfrom the W and Z. In the re
ent version of [2℄ it is in
luded at thelevel of 100% of the total ba
kground from the W and Z, based onthe extrapolation from the CDF Run I Higgs sear
hes. In [2℄ it ispointed out that this ba
kground is 
onsidered to be very unreliableto be estimated from the Monte Carlo simulation.The fa
t that WH=ZH 
hannel with EmissT + b�b signature might beoverwhelmed by QCD ba
kground would substantially redu
e not only theprospe
ts for the observability of this 
hannel alone but also the overallpotential for the Higgs sear
hes at the Tevatron as presented in [2℄.This work has been done in the framework of the ATLAS Collaboration,to whi
h I am grateful for very valuable inputs and dis
ussions.In parti
ular, it presents an extension and 
ontinuation of the previousstudy done with Daniel Froidevaux and do
umented in [6℄. I would like tothank him very warmly for valuable suggestions and inspiring dis
ussionswhi
h guided the present study. I am also grateful to Fabiola Gianotti andKarl Jakobs for several very 
onstru
tive 
riti
al 
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