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npw wcnorrh30BaHHH npoMe)Kyroqttofi MJOOHHOH CHCTeMbI (IMU) CDF 

OuemrnaeTC.H yBeJIHqeHHe reoMeTpwqecKofi 3cpq>eKTHBHOCTH TpHrrepa AJI.SI CDF, 
RUN II npH perncTpauHH MJOOHOB B ueHTPaJihHOH + IMU o6rracrn (1111 < 1,5) 
no cpaBHeHHIO c ueHTPaJibHOH o6rracTbIO (1111 < 1,0). IlpoMO):lerrwpoBaHbI TPH q>H3H-

qecKHX Kattarra: Bo ➔ J /'P ( µ+µ-) + K, W ➔ µv H OJ:IHHoqttoe po)K):leHHe 
s 

t-KBapKOB. 
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Amendolia S.R. et al. El-97-303 
The CDF Intermediate Muon Upgrade Trigger Gain Simulation 

We report on the evaluation of the gain in the geometrical trigger acceptance 
for Run II using the central + intermediate muon upgrade (IMU) muons 
(111I < 1.5) compared to using the central muons only (1111 < 1.0). Monte-Carlo data 

are used. Three physics channels are considered, namely B0 ➔ J /'l'Kso' W-boson 

charge asymmetry and single top-quark production. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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1 Introduction 

The Fermilab Tevatron Collider luminosity e_nhancement in conjunction with the 
upgrade of the collider detect~rs ~oves the experimental progrii.m into a regime of 
precision hadron collider physics.' CDF II will investigate the open questions of high 
energy physics, including: · 

• characterization of the properties of the top quark 

• a global precision electroweak program 

• _constraint of the CKM matrix with .Mgh statistics I3 decays 

• direct search for new phenomena 

'Ihggcring and reconstructing of muons is at the core of s1weral broad physics 
programs. Top quarks arc identified in via muons from decays of their W and b 
daughters. W bosons are identified in part and their mass nwasun!d via thdr 11111011 
decay mode.The asymmetry in W decays constrains parton distrih11tio11 functions, 
and many signatures of new physics involve one or more lqitorn,. 

The existing central muon system (rapidity coverage i 11 I< 1.0) ha:, performed 
wdl in the present nm. CDF is planning a program of incrmnental improvements 
rather than major replaceme11ts of the detectors. The goal is to preserve and improve 
t.lw existing 1lcted.or performance und<!r the new operating conditions in the Main 
Inject.or crn. 

The lnt.<!rntcdiat.e 1\111011 Upgrade (!MU) detectors will he used fo RUN II to 
<!XI.end tlw muon rapidity cov<ffage up to 1.0 <IT/ I< 2.0 [l]. 

For t.lu! I I/ I> 1 region in Run II, CDF has elected to cover rapidity interval 
(11 = 1.0- 1.5 ) with sufficient granularity to survive high luminosity, hy a) building 
a cylindrical ., harrd" of chambers similar to the existing central chambers around 
tlw outside radii of the toroids and b) installing scintillation counters for triggering 
and identifying which beam crossing generated the muon of interest. The design 
closely parallels that of the central detectors. The 1.0 - 1.5 rapidity region was 
chosen because: 

• It covers more solid angle than the region covered by the original Forward 
Muon system. For high mass objects such as tt pairs and energetic lepton 
pairs used to constrain quark substructure, solid angle is the figure of merit, 
not rapidity. 

• The W asymmetry is largest in this region. 

• _The region is contig,ious with, the existing _central detectors. 



Between 17 = 1.5 and 71 = 2.0 there is also muon identification, with granularity 
(and therefore occupancy) insufficient for triggering, but adequate for identifying 
high Pr tracks in this region as muons. 

The central muon system was used in the Run I. So the possibilities of the central 
muon trigger are well known for CDF collaboration. (2, 3]. We decide to estimate 
the trigger acceptance increasing due to the IMU. 

As a preliminary study for the implementation of Level 1 and Level 2 triggers 
using the IMU, we estimated the possible gain of such triggers for basic processes of 
the RUN II physics program. This gain gives the increment of the statistic which 
could be obtained using also the IMU ( I 71 I< 1.5 ) over using only the central 
µ trigger ( I 71 I< 1.0 ). The expected yield of events for the Run II one could 
find in the CDF TDR(l]. The number of the single top quarks (t ➔ bW(µv)) that 
could be taken by central muon trigger is about. couple of hundreds. The number 
of (W ➔ µv) decays is about 600.000 for the central muon region. The gain was 
defined as: 

gain .:_ Ncentral+ J Mu - N. - central 

Ncentral 

where: 

Ncentral+IMU - number of events passed (central + IMU) trigger conditions; 

Ncentral - number of events passed central trigger conditions. 

The gain is computed as a function of the IMU µ threshold. 

(1) 

Note that no secondary interaction nor any detector simulation is included in 
the calculation, which is purely geometrical. Thus these results are to be considered 
an upper limit to the actual gain attainable. 

A parallel effort is being carried on (4] to evaluate the overall background rate 
vs. µ trigger threshold@ Level 1, using the full CDF II detector simulation. These 
results will be used to determine the minimal µ. threshold applicable in the IMU 
region, which does not saturate the Level 1 rate• budget. 

2 CP Asymmetry in B 0 ➔-J/'ljJK; 

One of the most important goals of the CDF II B physics program is the observa­
tion of GP violation in the B system. GP violation would manifest itself as an 
asymmetry in the partial decay rates of B 0 ~nd 13° to the same final state, J/'ljJK8 • 

The production of the B mesons at the Tevafron energies and their decays B ➔ 
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J/'ljJ(µ+µ-) + Ks(1r+1r-) were simulated using B-generator and CLEO Monte Carlo 

code [5]. 
According to the TDR we assume that the Pt threshold of a •track or a muon will 

be set to 1.5 GeV /c for the central dimuon and (muon+track) triggers. ·For the 
single µ trigger, a 6 GeV /c threshold for the central region is planned. The trigger 
conditions which have been used in the simulation for central and combined ( central 

+ IMU) regions are, for this physics channel: 

dimuon trigger 

central region: 

((I 1/µ+ I< l)&(Ptµ+ > 1.5)) & ((117µ- I< l)&(_Ptµ- ::> 1.5).)' 

central + IMU region : '. 

((171µ+ I> 1.)&(171µ+ I< l.5)&(Ptµ+ > cut).or.(117µ+ I< l)&(Ptµ+ > 1.5)) & 
((117µ- I> L)&(l 77µ- I< l.5)&(Ptµ- > cut).or.(117µ- I< l)&(Ptµ- > 1.5)) 

1 muon + 1 track trigger 

central region: 

((117µ+ I< l)&(Ptµ+ > 1.5) .or. (117µ- I< l)&(Ptµ- > 1.5)) & 
((I 77-rr+ I< l)&(Pt-rr+ > 1.5) .or. (I 77-rr- I< I)&(Pt1r- > 1.5)) · 

central + IMU region : 
(((117µ+ I< l)&(Ptµ+ > 1.5) .or. (117µ+ I> l.)&(171µ+ I< l.5)&(Ptµ+ > cut)) .or. 

((171µ- I< l)&(Ptµ- > 1.5) .or. (117µ- I> 1.)&(171µ- I< l.5)&(Ptµ- > cut))) & 
((I 77-rr+ I< l)&(Pt-rr+ > 1.5) .or. (I 77-rr- I< l)&(Pt-rr- > 1.5)) 

single muon trigger 

central region: 

((171µ+ I< l)&(Ptµ+ > 6.0)) .or. ((117µ- I< l)&(Ptµ- > 6.0)) 

. ,: .. ,·:.:• -,; j:·, ,i:,!i: :· 

central + IMU region : 

(117µ+ I> 1.)&(l 77µ+ I< l.5)&(Ptµ+ > cut).or. 
(I 77µ- I> 1.)&(171µ- I< l.5)&(Ptµ- > cut).or. 
((171µ+ I< l)&(Ptµ+ > 6.0)or(l 17µ- I< l)&(Ptµ- > 6.0)) 
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A sample of 10.000 B -+ J/'lf!(µ+µ-) + K.(1r+1r-) events was generated. The 
IMU trigger gain against Pt threshold for IMU µ is shown in Fig. 1. We require the 
ininimum Pt trigger cut for µ in the forward region not to be less than the fixed 
threshold used in the central .region. 

3 W-boson Charge Asymmetry 

At Tcvatron energies , w+(w-) bosons are produced in pp collisions primarily by 
the annihilation of u(d) quarks from the proton and d(il) quarks from the antiproton. 
Because u quarks carry on average more momentum than d quarks, the w+•s tend 
to follow the direction of the incoming proton and the w-•s that of the antiproton. 

At Level 1, W boson decays to leptons are identified by the presence of a large 
amount of missing transverse energy accompanied by a track in one of the primary 
t.rnckiug detectors. Muon candidates are required to have a track in the muon 
tracking system. The transverse energy of the lepton and the missing transverse 
energy arc required to he greater than 25 GeV. 

The product.ion of 10.000 W bosons in the pp collisions was simulated by the 
PYTHIA code at the Tevatron energies. The decay mode W -+ µv was chosen. The 
following formula(? were used to simulate the trigger conditions. 

single muon trigger + missing transverse energy 

central region: 

((IT/µ+ I< l)&(Pt1,+ > 25.) .or. (IT/µ- I< l)&(Ptµ- > 25.)) & 
(Etv > 25.) 

central + IMU region : 

(((! T/µ+ I< l)&(Ptµ+ > 25.) .or. (IT/µ+ I> 1.)&(I T/µ+ I< l.5)&(Ptµ+ > cut)) .or. 
((IT/µ- I< l)&(Ptµ- > 25.) .or. (IT/µ- I> 1.)&(I T/µ- I< l.5)&(Ptµ- > cut))) & 
(Etv > 25.) 

The IMU trigger gain, defined according to equation 1, is plotted against P1 

threshold for IMU µ in Fig. 2. 
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Figure 2: The trigger acceptance gain with IMU for W ➔ µv decays as a function 
of IMU muon threshold 

4 ~~Hngle Top Quark Production 

In addition to ([ pair production, top quarks can also be produced singly via the 
electroweak interaction. This process depends on the t-W-b vertex, and the pro­
duction rate is a measure of the top decay width to W+b and of the CKM matrix 
element I Vib 1

2
. 

The two largest single top proces;es at the Tevatron are the s :: channel' mecha~ 
nism qq ➔ tb, referred to as W* production, and the t - channel interaction referred 
to as quark-gluon fusion. The uncertainties on this calculation are large - on the 
order of 30 % [l]. 

Single top quark production has more forward-backward muons compared to 

6 

t[ pair production, therefore the IMU trigger gain is expected to be high. The 
production of 10.000 single top (quark-gluon fusion channel) in the pp collisions was 
simulated by PYTHIA code at the Tevatron energies. The decays of the t ➔ b W (µv) 
were tested with the trigger formulae : 

single muon trigger + missing transverse energy 

central region: 

((IT/µ+ I< I)&(Ptµ+ > 20.) .or. (IT/µ- I< I)&(Ptµ- > 20.)) & 
(Et,,> 20.) 

central + IMU region : 

(((IT/µ+ I< I)&(Ptµ+ > 20.) .or. (IT/µ+ I> 1.)&(I T/µ+ I< 1.5)&(Ptµ+ > cut)) .or. 
((I T/µ- I< I)&(Ptµ- > 20.) .or. (I T/µ- I> 1.)&(I T/µ- I< 1.5)&(Ptµ- > cut))) & 
(Et,,> 20.) 

The IMU trigger gain ( equation 1 )against P
1 

cut for IMU µ is shown in Fig. 3. 

5 Conclusion 

Simulation shows that the IMU µ trigger could be useful for the processes that have 
been tested in this work. The maximum IMU gain could reach up to 60 % for the 
dimuon trigger in the CP violation measurement via B ➔ J/1/J(µ+µ-) + Ks decay 
mode; up to 37 % for W asymmetry measurement via W ➔ µv channel; and up to 
24 % for single top triggering via t ➔ bW(µv) decays. Note that these gains are 
purely geometrical, and that the maximum values refer to the minimum Pt muon 
threshold in the IMU region. Work is in progress to obtain the background rates vs. 
P,,, and to derive a more realistic trigger gain by using the full detector simulation, 
when available. 
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