1.5.5.2.3	The effect of HF in the missing transverse energy resolution





	One of the aims of HF in CMS [1-2] is to extend the hermetic coverage to |h| ª 5, to improve the ETmiss resolution. In the CMS Technical Proposal (TP) [3], HF appears as covering the pseudorapidity region from 3 to 5, due to the enlarge of the endcap hadron calorimeters to |h| = 3.  The reduction of the h coverage of HF (from 2.6 < |h| < 4.7 in the LOI [1] to 3 < |h| < 5 in the TP [3]) leads to a much more modest role in the contribution to the ETmiss resolution than that previously reported [4].


	In what follows, we give the expected total and missing transverse energy measurements in CMS and the influence of HF in the current design.  The transverse missing energy resolution functions are calculated using background crossings (mixture of minimum bias and minijets pp collisions) assuming infinite transverse granularity in the various calorimeters. The resolutions with and without HF are given.


	We have generated Monte-Carlo events using ISAJET [5]. The sample consists of 10000 Background LHC crossings.  One background crossing contains on average 25 pp collisions (equivalent to a luminosity of ª 1034 cm-2 s-1).  A mixture of 40% Minimum Bias and 60% Two Jet events is used to simulate the Background LHC crossings.  Mini Jets are generated with pTjet > 5 GeV/c.  The center of mass energy, per pp collision, is assumed to be 14 TeV.





	We have assumed an infinite granularity in all the CMS calorimeters.  Once a particle arrives to the boundary of any of the CMS calorimeters, we assume that its energy is reconstructed at that precise point.  No shower-like simulation model is used. We simulate the reconstructed energy by smearing the particle energy according to the expected energy resolutions, namely:





	Barrel


	Electrons and gammas: (s(E)/E)2 = (0.02/√E)2 + (0.005)2


	Hadrons: (s(E)/E)2 = (0.70/√E)2 + (0.09)2





	Endcaps


	Electrons and gammas: (s(E)/E)2 = (0.05/√E)2 + (0.005)2


	Hadrons: (s(E)/E)2 = (0.75/√E)2 + (0.09)2





	HF


	Any particle: s(E)/E = 2.08/√E + 0.07





	Energy resolutions were worsen by 30% and 50% in the |h| regions 1.3 to 1.6 and 2.9 to 3.1, respectively, where major crack-like effects are expected.





	The average energy per LHC crossing is about 351 TeV. In the absence of HF the mean energy collected in the remaining CMS fiducial volume will be 2.5 TeV and reaches 18.4 TeV with the HF.


	The distribution of the total transverse energy ET = S|ETi| (where i extends over the number of outgoing particles) has a mean value of about 2.1 TeV for the generated crossings, 1.4 TeV for CMS with HF and 0.7 TeV for CMS without HF.





	Due to the X-Y symmetry assumed in the generation of the events and in the geometrical configuration, we expect no correlation between Exmiss and Eymiss distributions. However, if we plot any of them against the total transverse energy ET = S|ETi|, we observe (not shown) that the widths of the distributions increase for higher ET values. This effect is tabulated in Table 1 a) for the configuration of CMS with HF and in table 2 a) for the configuration without HF.


	The parametrization of the ET dependence of sx and sy give





sx/ET = (0.51 ± 0.02)/√ET





sy/ET = (0.47 ± 0.02)/√ET





for CMS with HF and





sx/ET = (0.64 ± 0.02)/√ET





sy/ET = (0.70 ± 0.03)/√ET





for CMS without HF.





	The squared missing transverse energy (ETmiss)2, being (ETmiss)2 = (Exmiss)2 + (Eymiss)2, can be parametrized as follows:





dN/d(ETmiss)2 = C.exp(-(ETmiss)2/st2),





where we have assumed Exmiss and Eymiss as non-correlated Gaussian distributions, with sx = sy = st/√2.





	From the event (crossing) distributions for different ET bins and the corresponding fits, we can obtain the ET dependence of the parameter st (presented in tables 1 b) and 2 b) and fig.1). The results are:





st/ET = (0.69 ± 0.02)/√ET,





in the case of CMS equipped with a HF, and





st/ET = (1.00 ± 0.04)/√ET,





in the absence of HF.


	The coverage of the 3.0 < |h| < 5.0 region done by the very forward calorimeters in CMS improves the missing transverse energy resolution by ª 30%.
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�
	Table captions





Table 1: For CMS with VFCAL:


	  (a) Widths of Gaussian fits to Exmiss and Eymiss


		distributions for 10 S|ET| bins.


	  (b) Values of the st parameter obtained from exponential


		fits to dN/d(ETmiss)2 distributions for 10 S|ET| bins.


Table 2: For CMS without VFCAL:


	  (a) Widths of Gaussian fits to Exmiss and Eymiss


		distributions for 6 S|ET| bins.


	  (b) Values of the st parameter obtained from exponential


		fits to dN/d(ETmiss)2 distributions for 6 S|ET| bins.
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S|ET| bin (GeV)


�



sx�
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(1/st2).102�
�
550 - 700�
12.3 ± 1.6�
10.4 ± 2.5�
0.400 ± 0.115�
�
700 - 850�
14.0 ± 0.7�
12.8 ± 0.6�
0.264 ± 0.020�
�
850 - 1000�
15.2 ± 0.5�
15.3 ± 0.5�
0.215 ± 0.010�
�
1000 - 1150�
16.6 ± 0.5�
16.4 ± 0.4�
0.187 ± 0.006�
�
1150 - 1300�
17.5 ± 0.3�
16.5 ± 0.3�
0.178 ± 0.005�
�
1300 - 1450�
18.7 ± 0.3�
18.3 ± 0.3�
0.148 ± 0.004�
�
1450 - 1600�
20.2 ± 0.4�
19.4 ± 0.4�
0.130 ± 0.005�
�
1600 - 1750�
21.1 ± 0.4�
19.7 ± 0.4�
0.122 ± 0.004�
�
1750 - 2000�
21.9 ± 0.6�
20.4 ± 0.5�
0.107 ± 0.004�
�
2000 - 2500�
25.1 ± 1.0�
21.3 ± 0.9�
0.097 ± 0.005�
�
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�
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�
�
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	Figure 1: st/ET distributions as a function of ET, and fits to st/ET = b/√ET, for CMS with and without HF.
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