1.5.5.2.4 Jet tagging and reconstruction: transverse granularity


	The overall aim of this study is to find the optimal transverse granularity needed for forward tagging jet identification and reconstruction with simultaneous maximization of the pileup suppression. The working hypothesis is that the jets, we are interested in, are in the range 500 GeV ≤ Ejet ≤ 3 TeV, with ETjet as from 30 GeV. Full information can be found in ref. [R1].





	Monte-Carlo generation of the pileup background


	We have simulated background events using ISAJET [R2]. We have considered a centre of mass energy per pp collision of 14 TeV, a spptot = 100 mb, a luminosity of 1034 cm-2 s-1 and an interbunch crossing time of 25 ns. This corresponds to an average number of pp collisions per crossing equal to 25, Poisson distributed.


	In addition we made the conservative hypothesis that the pp background (BKG) collisions consists of a mixture of 60 mb minijets (TJ) (qq -> qq, pTjet > 5 GeV) and 40 mb minimum bias (MB) events.


	The generated multiplicity distribution per LHC crossing has a mean value of ª 5700 with rms ª 1200. Here, g's are considered as stable particles.


	The collision point was different for each of the 25 pp interactions in a crossing. Gaussian distributions were generated with sX = 0.001 cm, sY = 0.001 cm and sZ = 5.0 cm around X=Y=Z=0.


	The theoretical magnetic field map corresponding to the CMS Technical Proposal design was used to swim charged particles from the IP. The material considered in front of HFs was vacuum.


	We have assumed that only particles arriving to the exit area of CMS (radius: 1.08 m at marks: ± 10.6 m) will reach the front planes of the HFs. No back scattering from central or end-cap detectors was considered.


	The multiplicity distribution of particles reaching the HF sensitive areas has a mean value of ª 1050 (per HF arm), with rms ª 320.


	More details about the expected pileup background can be found in refs. [R3] and [R4].





	Monte-Carlo generation of the tagging jets


	Heavy mass Higgs events of the type qq -> WW (ZZ) -> Hqq, with mHiggs = 800 GeV/c2 were generated using PYTHIA [R5].





	On the average, the mean value of the energy of the particles inside a jet is much higher (<E> ª 60 GeV, rms ª 115 GeV) than for background particles [R3] in HF (<E> ª 8.1 GeV, RMS ª 13 GeV). This is one of the crucial jet features for the jet finding over the pileup background.


	The second important point concerns the collimation of the energy in a jet: on the average, ª 50% of the jet energy is concentrated in a radius of 5 cm.


	Due to the spread (although small) of the particles in a jet, the strong magnetic field and the central hole in the HF, not all the particles in a jet can reach the HF sensitive areas. The mean value of the multiplicity distribution of the tagging jets at IP is ª 27 and ª 20 at HF. This loss of particles induces already an error in the reconstruction of the jets: the distribution of the missdetermination of the jet energy (at the level of particle energies) in terms of {[Ejet(IP) - Ejet(HF)]/Ejet(IP)}x100 has a mean value of ª 2% with an rms of ª 4%. In ª 2.5% of the cases, the energy lost accounts for more than 10% of the jet energy at the IP.





	Monte-Carlo generation of the showers


	The analysis that follow are done using one of the arms of the HF.


	We have generated showers in the HF, using GEANT 3.21 [R6]. FLUKA [R7] was used for the hadronic interactions. An Ecut of 10 keV was imposed on all particles in the showers.


	For cascade simulation, the HF is seen as a copper block of dimensions 3000x3000x1650 mm3 (with a central hole of dimensions 300x300x35 mm3), with quartz fibers embedded on it. The considered packing fraction is 1.5% in volume.


	Every particle in a crossing, reaching the HF sensitive area, gives rise to a shower. For the cascade generation the impact point of the particle in the calorimeter and the three momentum components are used as initial parameters, together with the particle identifier.


	Under these conditions, we have made a full simulation of 200 background crossings and 1261 "tagging" jets in the HF.





	Background and jet signal at the HF


	Fig. F1 shows the average transverse profile of one background crossing, made from the ª 1050 showers induced by the incoming particles. The height of the lego plot gives the collected light (in p.e.) in each of the 5x5 cm2 towers. The maximum concentrates around the beam pipe hole and contains 30 to 50 p.e..


	The collected light as a function of the total incoming energy in a crossing, for the 200 reconstructed crossings, fits to:





		SBKG (p.e.) = 0.44 x EBKG (GeV)





where EBKG represents the total energy arriving to one of the arms of the HF in a crossing and SBKG the corresponding collected light, under the assumed experimental conditions.


	The average transverse profile of a tagging jet is shown by the lego plot in fig. F2. This was done using the sample of 1261 jets. In average, a good fraction (ª 30%) of the total jet light concentrates in a single 5x5 cm2 tower. The fraction of the light containment in a jet, as a function of the tower transverse size (assumed square), is given in fig. F3 a) for three h regions. Triangles, squares and circles represent jets in the inner, medium and outer surface of HF respectively. The errors are the rms of the corresponding distributions.


	Observation of fig. F3 a) leads to the conclusion that the spread of the jets, once they have completed their showering, does not depend strongly on the h of their centre of gravity.


	The collected light as a function of the total energy in a jet,  fits to:





		Sjet (p.e.) = 0.48 x Ejet (GeV)





where Ejet represents the jet energy at the IP and Sjet the corresponding collected light.


	Fig. F4 shows the typical transverse profile of a jet event over a background crossing.





	Jet tagging and reconstruction


	From the observation of figs. F2 and F3 a), we have designed a simple tagging algorithm that allows to detect a jet and make a first calculation of Ejet and ETjet. The algorithm allows to suppress entirely the pileup background.


	The jet tagging is related to the issues of transverse granularity and energy and angular resolutions in the reconstruction of single jets, as well as in dijet systems.


	The algorithm includes the following steps:


	1) Find a maximum among the light collected (S) in the considered towers of the HF. The number of physical towers depends on the transverse granularity used.


	2) Check whether S > Scut and ST > St,cut.


	If these two conditions are fulfilled, we assume that a seed central tower (CT) of a tagging jet candidate is found.


	3) Go back to 1) and repeat the operation for other possible maxima.


	Stop the cycle when no additional candidate is found or a maximum number of candidates has been obtained.


	If the list contains at least one candidate:


	4) Choose as CT seed of the tagged jet the tower having the maximum ST.


	5) Reconstruct the jet by summing up the content of the 3x3 towers around the maximum.


	With this method, the jet tagging and the Ejet and ETjet reconstruction is done with a single logic. The energies are related with the light through the calibration constant.


	We assume that the jets we are looking for have E > 500 GeV and ET > 30 GeV, which are typical lower values for tagging jets in the heavy mass Higgs production and for veto when looking for sleptons. The calibration constant is ª 0.4 p.e./GeV (in the assumed experimental conditions) and the maximum allowed number of jet candidates in a given crossing is set to 5.





	Transverse granularities


	We have applied the above algorithm using various transverse granularities, with the aim of determining the optimal one. The considered scenarios are:


	1) Towers of 5x5 cm2 all over


	2) Towers of 10x10 cm2 all over


	3) Towers of 15x15 cm2 all over


	4) Towers of 5x5 cm2 for |h| ≥ 4, 10x10 cm2 for |h| < 4


	5) Towers of 5x5 cm2 for |h| ≥ 3.5, 10x10 cm2 for |h| < 3.5





	Pileup background rejection power


	A strong rejection power is mandatory. Tagging jets in the case of the eventual existence of a heavy mass Higgs will show up few times per year, while the pileup background happens every 25 ns. Therefore, we have first applied the method described above to crossings containing only background (the 200 crossing sample fully simulated in the HF), looking for the Ecut and Et,cut that have to be applied to obtain 100% rejection in the investigated sample of pileup background events. The results for the various scenarios are summarized in 2nd and 3rd columns in Table T1. Main observation is that the rejection power is only sensitive to the applied Et,cut. On the other hand, the use of large surface granularities (as 15x15 cm2) leads to no rejection power (at least for Et,cut < 30 GeV). The Et,cut values in the table refer to a single tower.





	Jet tagging


	We have now mixed each fully simulated jet in HF with each of the background crossings to form a sample of 252200 CMS crossings containing one jet per crossing at HF.


	Different transverse granularities for HF lead to different efficiencies in jet tagging. Last column in Table T1 summarize the results for the cuts corresponding to full pileup background suppression. The optimal granularity, that maximizes the jet finding efficiency (ª 55.4%) with simultaneous suppression of the background, is that of towers of 5x5 cm2 for |h| ≥ 4, 10x10 cm2 for |h| < 4.


	In what follows we will use this transverse granularity for jet finding and reconstruction over the pileup background.





	Jet reconstruction


	The tagged jets are reconstructed by summing up the light content of the 3x3 towers around the maximum, after applying the jet finding algorithm with the Et,cut that allows background suppression. The energy of the jet is defined as





			Ejet (GeV)= 1/0.46 x SiSi(p.e.),





where i runs from 1 to 9 and Si(p.e.) is the light collected in tower i.


	The jet "impact point" in HF is defined as the centre of gravity of the 9 towers. The Xjet and Yjet coordinates allow to reconstruct ETjet and the transverse angle Qjet.


	Figs F5 a) and b) show, for the found jets, the reconstructed Ejet(rec) and ETjet(rec) respectively, in terms of the distribution of the variables:





	DEjet/Ejet = [Ejet(IP) - Ejet(rec)]/Ejet(IP)


and


	DETjet/ETjet = [ETjet(IP) - ETjet(rec)]/ETjet(IP)





	Both distributions are reasonably well centered at zero and show almost gaussian shapes. Resolutions found are 18% for Ejet and 17% for ETjet.


	Fig. F8 shows the reconstructed transverse angle of the jet in terms of:





		Dfjet = fjet(reconstructed) - fjet(generated)





The distribution is centered at 0.1 with an rms = 2 degrees.





	Two jet reconstruction in Higgs production


	We have used PYTHIA to generate events of the type qq' -> WW (ZZ) -> Hjj' with mHiggs ª 800 ± 200 GeV/c2. The inclusive h distribution of the jets is given in fig. F11.


	We have considered the events having a forward and a backward jet in the region 3 < |h| < 5 and smeared the jet energy and the jet transverse angle according to the found resolutions. 	The resolution of the combined jets is correlated with ETjj'(generated). Fig. F13 gives the resolution in the reconstructed ETjj' as a function of ETjj'(generated). The distribution is fitted to the form:





		DETjj'/ETjj' = 72%/√ETjj' + 8%





	Under these conditions, the error in the reconstruction of the pTjj' of the dijet system, balancing the typical pTHiggs = 130 GeV/c, in an Hqq event, will be better than 15% (ª 20 GeV/c).
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�
Table caption


Table T1: Energy and transverse energy cuts for which 100% MB rejection is reached. The corresponding jet finding efficiency is also given.
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Set-up


�



Ecut (GeV)�



Et,cut (GeV)�
Jet finding


efficiency(%)�
�



5x5 cm2


�



any�



19.5�



40.31�
�



10x10 cm2


�



any�



28.5�



42.51�
�



15x15 cm2


�



none�



none�



---�
�



5x5 cm2


for |h|>4�



any�



21.0�



55.59�
�



�



350�



19.5�



51.39


�
�



5x5 cm2


 for |h|>3.5�



any�



21.0�



49.56�
�



�



350


�



19.5�



45.28�
�












�
Figure captions


Fig. F1: Average transverse profile of the background crossings (integrated in depth). The height represents the collected light in p.e.. Each square represents a 5x5 cm2 tower.


Fig. F2: Average transverse profile of a tagging jet.


Fig. F3: Jet shower containment (in %) as a function of the tower side dimension (see text), for three different h regions.


Fig. F4: Transverse profile of a crossing containing a tagging jet.


Fig. F5: For the reconstructed jets:


	a) DEjet/Ejet distribution,


	b) DETjet/ETjet distribution.


Fig. F8: For the reconstructed jets: Dfjet distribution.


Fig. F11: The inclusive h distribution of the jets in the Hqq sample.


Fig. F13: The expected dijet transverse energy resolution function.
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